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Fig. 1 Magnetic resonance imaging (MRI) showing the round mass
lesion at T11-12 (a sagittal view, b-d axial view). The mass
showed heterogeneous intensity with a marginally hypointense
signal on the T2-weighted images (a, ¢) and hyperintense with a

The patient underwent partial laminectomy at T11 to
T12. A solid reddish brown mass was found, firmly
adhered, posteriorly to the dural sac. The mass was com-
pletely resected. Macroscopically, the resected mass
showed solid and degenerative tissue with a chronic
hematoma (Fig. 3). After surgery, the patient’s symptoms
resolved, and his gait returned to normal within 1 month.
One year after surgery, neither neurological deficits nor
gait disturbance was observed. The patient gave informed
consent for the presentation of this case.

Patient 2

A 54-year-old man had experienced lower back pain, gait
disturbance, and numbness of the lower legs for 2 months.
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marginally hypointense signal on the TI1-weighted images (b). The
enhancement of the mass was not remarkable after intravenous
administration of contrast medium (d)

The pain radiated into the buttocks and bilateral legs with
dysesthesia. The symptoms were exacerbated by extension
of the lumbar spine. On physical examination, the patient
had normal muscle strength in the lower legs. The patellar
tendon and Achilles tendon reflexes were not increased
bilaterally. Plain radiographs of his thoracic spine showed
degenerative changes at T10, T11, and T12. An MRI of the
thoracic spine on the 14th day after the onset of the
symptoms revealed a posterior extradural intraspinal mass
at the T11/12 disc space level with substantial compression
of the spinal cord. The mass was lobulated, and the prox-
imal part of the mass showed high signal intensity in the
central lesions on the T1- and T2-weighted images. On the
other hand, the distal part of the mass showed high signal
intensity on the Tl-weighted image and low signal
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Fig. 2 Postmyelography
computerized tomography (CT)
indicates a large extradural
lesion along with degeneration:
of the facet joint at the T11-12
level (a coronal reconstruction
image, b axial view)

Fig. 3 Macroscopic appearance of the resected ligamentum flavam.
The specimen showed a solid brownish mass with a chronic

hematoma (arrow)

intensity on the T2-weighted images. The rim of the mass
was hypointense on the Tl1- and T2-weighted images
(Fig. 4a, b). T11 laminectomy was performed. The LF was
resected, and a chronic hematoma was found in the hyper-
trophic and degenerative LF. Postoperatively, the patient’s
symptoms resolved. Seven years after surgery, the patient
had no complaints. The patient gave informed consent for
the presentation of this case.

Histological analysis

In patient 1, a histological examination revealed that the
wall of the mass lesion was dense and composed of col-
lagenized connective tissue. In addition, a hemorrhagic
zone was also seen (Fig. 5a). There was an area in the
middle of the specimen that indicated a chronic hematoma
(Fig. 5b). The overall histological diagnosis was a hema-
toma in the degenerative LF. An immunohistochemical
analysis confirmed a certain number of capillaries, as
indicated by vascular endothelial cells (CD31 positive
cells) (Fig. 5¢). The presence of infiltrating macrophages
(CD68 positive cells) in the mass was also detected
(Fig. 5d). Since VEGF, a potent angiogenesis-stimulating
factor, has been reported to express in degenerated LF [3],
we then tested the expression of VEGF in the same spec-
imen. Remarkably, the expression of VEGF was observed
in the fibroblastic cells adjacent to the capillaries (arrows in
Fig. 5e) and infiltrating macrophages (arrows in Fig. 5f).
Meanwhile, TGF-beta has also been reported to express in
degenerative LF [3] and to stimulate the expression of
VEGF [4]. Thus, we next investigated the activation of
TGF-beta signaling in the sample by using an anti-phos-
pho-specific antibody to Smad2 (p-Smad?2), a downstream
signal transducer of the TGE-beta pathway [5]. Interest-
ingly, the expression of pSmad2 was observed in the
nucleus of the fibroblastic cells, and this expression pattern
was similar to that of VEGF (Fig. 5g). In patient 2,
histological examination revealed a hemorrhage (Fig. 6a),
hemosiderin-laden macrophages (arrows in Fig. 6b), and
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Pig. 4 MRI of the thoracic
spine on the 14th day after the
onset of symptoms
demonstrating a posterior
extradural intraspinal mass at
the T11/12 disc space level with
substantial compression of the
spinal cord; the proximal part of
the mass showed high signal
intensity in the central lesions
on the T1- and T2-weighted
images. On the other hand, the
distal part of the mass showed a
high signal intensity on the T1-
weighted image and low signal
intensity on the T2-weighted
images (a T1 sagittal, b T2
sagittal)

an increased number of capillaries (arrowheads in Fig. 6b)
in the inflamed granulation tissue with elastic fibers of LF
(asterisk in Fig. 6b). A degenerative change in the LF was
also observed. The results of immunohistochemical anal-
ysis (CD31, CD68, VEGF, and p-Smad2) were basically
the same as those observed in patient 1 (Fig. 6c-f). We
then carried out the quantitative immunohistochemical
analysis (CD31, CD68, VEGF, and p-Smad2) using sam-
ples of LFH (n = 2) and the non-degenerated LF (n = 2).
To evaluate the number of capillaries, CD31 positive
vessels were counted in five random profiles. To count the
CD68, VEGF, and p-Smad? positive cells, an image with
an area of 0.64 mm? was settled from five random fields,
and the cells were counted. The number of CD31 positive
vessels was higher in the LFH compared to the non-
degenerated LF (11 & 3.7 vs. 1.1 £ 1.7). Moreover, the
pumber of CD68, VEGF, and p-Smad2 positive cells was
increased in the LFH compared to the non-degenerated LF
(CD68 26.9 + 7.7 vs. 0.4 £ 0.7, VEGF 25.5 4 6.4 vs.
4.4 &+ 2.5; p-Smad2 24.1 + 8.7 vs. 0.8 & 1.3) (Fig. 7a—d).

Discussion

The majority of reported cases of LFH have been seen in
the mobile lumbar and cervical spine. To the best of our
knowledge, only six cases of LFH in the thoracic spine,
including the present cases, have been reported [2, 6-8].
According to analysis of the data obtained from these
cases, an LFH in the thoracic spine revealed the following
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characteristic features: (1) the patients were of relatively
older age (average age 02.5, range 54-72); (2) male
patients were dominant (male:female = 5:1); (3) the onset
of symptoms was insidious, and the clinical course pro-
gressively worsened; (4) all patients underwent surgery,
and the clinical outcomes were generally favorable fol-
lowing surgery; (5) regarding the involved thoracic spinal
segments, two cases (33%) were rigid spinal segments with
the contiguous rib cage, and this level is mechanically
stable. On the other hand, four cases (67%) were in the
thoraco-lumbar region with its floating ribs, which are
structurally and biomechanically similar to the lumbar
spine, and its mobility is greater than that of the higher
thoracic levels.

The pathophysiological mechanism of LFH is still
unclear, but it is speculated that vessel rupture within the
LF may cause the hematoma. However, the LF is poorly
vascularized, and only a few small vessels pass through it,
indicating that intraligamentous bleeding should be a very
rare phenomenon. Meanwhile, continuous mechanical
stress causes degeneration of the LF, and common patho-
logical findings in the degenerated LF are dispersed liga-
mental elastic fibers, increased collagen tissues,
granulation of fibrous tissues, lymphocyte infiltration, and
small capillary proliferation [2, 6]. These vessels are small,
thin-walled, and irregularly dispersed, and minimal and
repeated spinal trauma can induce a partial tear in those
vessels, causing intraligamentous hemorrhage {9]. In line
with this, patient 1 had a history of mountain climbing
4 weeks before the onset of symptoms, and patient 2 had
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Fig. 5 Histological
examination in patient 1
revealed that the wall of the
mass lesion was dense and
composed of collagenized
connective tissue. A
hemorrhagic zone was also seen
(a). The middle of the specimen
contained an area indicating a
chronic hematoma (b) (a, b;
stained with H&E).
Immunohistochemical analysis
confirmed a certain number of
capillaries, as indicated by
vascular endothelial cells

(¢ CD31 positive cells). The
presence of macrophages
(CD68 positive cells) in the
mass was also detected (d). The
expression of VEGF was
observed in the fibroblast
adjacent to the capillaries (e),
and infiltrating macrophages

(f) were seen. The expression of
phosphorylated-Smad 2 was
also revealed in the fibroblastic
cells (g). Scale bar 200 pm (a,
d), 100 um (b, ¢), 50 pm (e-g)

participated in physical labour approximately 2 months
before the onset of symptoms. Once a hemorrhage occurs
in the LF, along with fibrinolytic and hemolytic changes, it
significantly increases in volume inside the ligament,
causing neural compression. This might explain the insid-
ious onset and progressive clinical worsening of symptoms
in patients with LFH.

So what is the link between the degeneration of the LF
and capillary formation in the LF? The key molecules
concerning this issue are TGF-beta and VEGF. Mechanical
stress has been shown to increase the production of TGF-
beta in several cell lines, including ligament fibroblasts
[10]. Remarkably, mechanical stretching force promotes
TGF-beta production by LF cells isolated from surgically
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Fig. 6 Histological findings in
patient 2. Photomicrographs
showing the hematoma (a),
hemosiderin-laden macrophages
(arrows in b), and an increased
number of capillaries (arrow
heads m b) in the inflamed
granulation tissue with elastic
fibers of ligamentum

flavum (asterisk in b).
Immunohistochemical results of
CD31 (c), CD68 (d), VEGF (e),
and p-Smad?2 (f) are also shown.
Scale bar 200 pm (a), 50 pm
(-4, f)

resected LF [11]. In accordance with this finding, expres-
sion of TGF-beta has been reported in degenerated LF [3].
Importantly, we demonstrated the expression of p-Smad?2
in the LFH specimens in the thoracic spine, indicating that
TGF-beta signaling was active in our patients (Fig. 5g).
TGF-beta was also found to stimulate VEGF production in
fibroblasts [12]. Moreover, in cardiac myocytes, mechani-
cal stress-induced TGF-beta stimulates expression of
VEGF [13]. It has been reported that immunoreactivity to
VEGF is negative in LF without degeneration [14]. In
contrast, in our cases, expression of VEGF was found in the
fibroblastic cells around the area of the small capillaries
(Fig. 5e), suggesting that those fibroblastic cells could be a
source of VEGF in degenerated LF. Since VEGF stimu-
lates the migration of macrophages [15], VEGF in degen-
erated LF would also recruit macrophages, along with
stimulating angiogeneis. Interestingly, we found expression
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of VEGF in a considerable number of infiltrating macro-
phages (Fig. 5f). Considering this information together, we

speculated that continuous mechanical stress would
increase degeneration of the LF, expression of TGF-beta,
activation of the TGF-beta signaling pathway in the LF,
and finally stimulation of VEGF expression in fibroblastic
cells. Once small capillaries were formed, VEGF enhanced
the infiltration of macrophages, and the macrophages also
produced VEGF, further augmenting angiogenesis. It might
be reasonable to consider this vicious circle as one of the
essential pathophysiological mechanisms of LFH.

In general, the characteristic MRI findings of hematoma
show a hypointense signal on the T2-weighted images at the
acute stage during the first 3 days after hemorrhage because
of the transition of oxygenated hemoglobin into deoxyhe-
moglobin, while the lesion remains isointense on the T1-
weighted images. Methemoglobin in a hematoma leads to a
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Fig. 7 Histological a
examination in the non-

degenerated ligamenturn

flavum. Immunohistochemical

results of CD31 (a), CD68 (b),

VEGF (¢), and p-Smad?2 (d) are

shown. Scale bar 50 pm

hyperintense signal on the T1-weighted images in the early
subacute stage (3-7 days). Thereafter, hemolysis of the
erythrocytes results in the accumulation of extracellular
methemoglobin, and this is hyperintense on the T1- and T2-
weighted images in the late subacute stage [16]. In patient 2,
the mass was lobulated, and the proximal part of the mass
showed high signal intensity on the T1- and T2-weighted
images in the central lesions, revealing that the hematoma
was in the late subacute stage. In contrast, the distal part of
the mass showed high signal intensity on the T1-weighted
image and low signal intensity on the T2-weighted images,
indicating an early subacute hematoma. These findings
clearly demonstrated that this LFH was caused by repeated
bleeding and had a multistaged hematoma. Therefore,
the MRI characteristics can give us clues to understand the
clinical course of LFH and may help us determine the
correct diagnosis of LFH in the thoracic spine.
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Summary We recognized immunoreactivity for the o subset of inhibin and synaptophysin in synovial
sarcomas with granular cell features. Histologic findings of 90 cases of synovial sarcoma were reviewed.
Two (2.2%) of the 90 cases had granular cell features, showing sheet or nested proliferation of
characteristic epithelioid cells with abundant eosmophilic and granular cytoplasm, in addition to the
typical spindle cell component. The 2 cases were both female (aged 86 and 76 years). The tumors were
located in the foot and the retroperitoneum and measured 3.5 and 14 ¢m in maximum diameter. Reverse
transcriptase polymerase chain reaction analysis revealed SS78-SSX7 transcripts in both cases. SS78
gene rearrangeiment was detected in granular cells as well as spindle cells by chromogenic in situ
hybridization. Immunohistochemistry found the granular cells to be positive for inhibin-o in both cases
and for synaptophysin in 1 case, whereas spindle cells were not. Thirty-six cases (20 monophasic
fibrous, 11 biphasic, and 5 poorly differentiated synovial sarcomas) were additionally examined for
comparison; they showed no immunoreactivity for inhibin-o or synaptophysin. This is the first report of
immunoreactivity for inhibin-o: and synaptophysin in synovial sarcoma. These immunohistochemical
findings might be characteristic of synovial sarcomas with granular cell features.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Synovial sarcoma (SS) occurs primarily in the extremi-

* Corresponding author. Department of Anatomic Pathology, Patho-
logical Sciences, Graduate School of Medical Sciences, Kyushu University,
Maidashi 3-1-1, Higashi-ku, Fukuoka 812-8582, Japan.

ties, usually close to joints, although it does not arise from or
differentiate toward the synovium. SS can also occur away
from the extremities, such as in the lung, the head and neck,

E-mail address: oda@surgpath. med.kyushu-w.ac.jp (Y. Oda). or the abdominal wall. Rare anatomical sites including intra-
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abdominal or retroperitoneal regions such as the kidney
[1-3], prostate [4], fallopian tube [5], and vulva [6] have been
reported. Some earlier studies have reported a series of intra-
abdominal or retroperitoneal cases [7,8].

Histologically, there are 2 major subtypes of SS: biphasic
SS and monophasic SS. Biphasic SS has both spindle cell
and epithelial components in various proportions. The tumor
cells in the epithelial component form a glandular structure
and sometimes look papillary. In some poorly differentiated
SSs, large epithelioid cells proliferate in sheets, but they
usually have clear cytoplasms.

In this study, we report 2 cases of SS arising in the foot and
the retroperitoneum, which demonstrated a distinct epithelioid
component with a granular cell feature in addition to the typical
spindle cell component, arising in a series of 90 cases of SS. In
the diagnosis of the retroperitoneal case, its location and peculiar
histologic features needed immunohistochemistry with a wide
spectrum of antibodies. An immunohistochemical feature that
seemed unusual for SS was positivity for inhibin-o, synapto-
physin, and Wilms tumor protein 1 (WT1), and therefore, we
compare the immunohistochemical expression of these proteins
in granular SS cases and 36 cases of conventional SS.

2. Materials and methods

2.1. Patients and materials

Two tumors with similar histologic features were identified
in 90 reviewed cases of SS. All cases were registered in the
Department of Anatomic Pathology, Gradvate School of
Medical Sciences, Kyushu University, Japan, between 1980
and 2010. The remaining 88 cases comprised 59 monophasic
fibrous, 23 biphasic, and 6 poorly differentiated SSs [9].

For immunohistochemistry, formalin-fixed and paraffin-
embedded samples were obtained from these 2 cases with
granular cell features and 36 control cases among the total of 90
cases. The control cases consisted of 20 monophasic fibrous, 11
biphasic, and 5 poorly differentiated SSs. A fresh-frozen
sample obtained from case 1 and formalin-fixed, paraffin-
embedded tissue from case 2 were used for reverse transcriptase
polymerase chain reaction (RT-PCR) to detect SSI/8-SSX
fusion transcripts. The institutional review board at Kyushu
University approved this study (permission code: 22-74).

2.2. Immunochistochemistry

Formalin-fixed, paraffin-embedded tissue was cut at 3 um,
mounted on slides, and dried at 58°C ovemight. The primary
antibodies are summarized in Table 1. Antigen retrieval was
carried out by incubating the slides in 0.1% (wt/vol) trypsin or
by boiling the slides with 10 mmol/L sodium citrate buffer (pH
6.0, with or without 0.1% Tween-20) or with Target Retrieval
Solution (TRS; DAXO, Carpinteria, CA). The immune
complex was visualized with the DAKO EnVision Detection

System. Adequate positive controls were applied in each series
of immumostaining, and negative controls were obtained by
skipping the primary antibodies.

2.3. RT-PCR and sequence analysis

Total RNA was extracted from the frozen (case 1) and
paraffin-embedded (case 2) samples using a TRIzol reagent
(Invitrogen, Carlsbad, CA) and was reverse transcribed using
Superseript 11 reverse transcriptase (Invitrogen) to prepare
the first-strand complementary DNA.

An SS18-SSX fusion assay was based on the previously
reported primers [10] that specifically amplify the fusion gene
transcripts of S§78-SSX7 and $5718-SSX2. Each PCR product
(5 uL) was loaded onto 2% agarose gel with ethidium bromide
and visualized under UV illumination. The PCR products were
also evaluated by direct sequence analysis using the Big-Dye
terminator method (version 1.1; Applied Biosystems, Foster
City, CA) to confirm the breakpoints of fusion transcripts.

2.4. Dual-color chromogenic in situ hybridization

The rearranged S578 gene was detected using a dual-color
chromogenic in situ hybridization (dc-CISH). Dual-color
break-apart probes were designed and generated as previously
reported [11,12]. The de-CISH procedure was previously
described [11]. Briefly, 3-um-thick formalin-fixed, paraffin-
embedded sections were deparaffinized, dehydrated, and air
dried. After proteinase digestion for 10 minutes, hybridization
was carried out using a hybridizer (DAKO). Signals were
visualized by Dako DuoCISH using an automated immuno-
stainer (Autostainer plus; DAKO). As for signal interpretation,
the rearrangement of SS/8 gene was judged as definitely
positive when isolated red and blue signals and a paired signal
were observed in individual nuclei of tumor cells [12].

2.5. Ultrastructural evaluation

Tissue samples from the 2 cases with granular cell
features were examined by electron microscopy (JEOL JEM-
1011 electron microscope; JEOL, Tokyo, Japan). Formalin-
fixed tumor tissues were refixed in 2% glutaraldehyde and in
1% osmium tetroxide. The refixed sections were embedded
in epoxy resins and stained with toluidine blue for trimming
and were confirmed to contain granular cell components.
Thin sections were placed on carbon-coated copper grids for
observation under the electron beam.

3. Results
3.1. Patients' characteristics

The 2 cases that histologically showed granular cell features
both occurred in women. Patients | and 2 were 86 and 76 years
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Table 1 Primary antibodies used in this study
Antigen Clone Source Dilution  Antigen retrieval time
a-SMA 1A4 Sigma Chemicals, St Louis; MO 1:5000  None

p-Catenin

14/f3-Catenin - BD Biosciences, Bedlord, MA

1:200 Citrate bufler + Tween, 99°C, 15 min

Calretinin Polyclonal Invitrogen, Carlsbad, CA 1:50 Citrate buffer, 99°C, 20 min

D10 56C6 Novocastra, Newceastle upon Tyne, UK 1:100 Citrate buffer, 99°C, 30 min

CD6S KP1 Dako Cytomation, Carpinteria, CA 1:300 Citrate buffer, 99°C. 20 min

D99 12E7 Dako Cytomation 1:100 None

Chromogranin A Polyclonal Dako Cytomation 1:1500  None

CK7 OV-TL12/30 Dako Cytomation 1:50 Citrate buffer + Tween, 99°C, 20 min
CK19 RCK108 Dako Cytomation 1:50 Citrate buffer + Tween, 99°C, 20 min
LEMA E29 “Dako Cytomation 1:400 - :None )

Listrogen receplor 1D5 Dako Cytomation 12 TRS. 99°C, 40 .min

Inhibin-o Rl Serotee, Oxlord, UK 11100 TRS, 97°C; 40 min

Ki-67 MIB-1 Dako Cytomation 1100 Citrate buffer + Tween, 99°C, 20 min
Lysozyme Polyclonal Dako Cytomation 1:500  None

Mclan A Al103 Novocastra 1:25 EDTA, 99°C, 20 min

NCAM 1B6 Novocastra 1:50 Citrate bufler, 99°C, 10 min

Progesterone receptor PgR636 Dako Cytomation:.

1:6 TRS; 99°C, 40 min

S100 protein Polyclonal  Dako Cytomation 1400 Trypsin, 37°C, 30 min
Synaptophysin SY38 Dako Cytomation 1:50 Citrate-buffer, 99°C, 20 min
TLE] M-101 Santa Cruz Biotechnology, Santa Cruz, CA 1:40 Citrate buffer, 99°C. 20 min
WTI i WT49 Mitsubishi Chemical Medience, Tokyo, Japan ~ 1:20 TRS, 99°C, 20 min

Abbreviation: SMA, smooth muscle actin.

old, with tumors located in the foot and the retroperitoneum
and measuring 3.5 and 14 cm in maximum diameter,
respectively. The patients had no relevant history. They bad
undergone surgical wide resection without any adjuvant
therapies. Chromosomal analysis was performed in case 1
and revealed a complex karyotype including an (X;18)
translocation [44, X, t (X;18) (p11.2;q11.2), der (1;11) (q10;
q10),t(1;3)(q12;q27),add (18)(p11.2), ~19]. Patient 1 did not
show local recurrence or metastasis in 1 year after the surgery.
Patient 2 showed local recurrence 2 months after the resection.
The recurrent tumor increased in size despite the administra-
tion of chemotherapy and was surgically resected 9 months
after the initial surgery. The recurrent tumor was 7 cm in
diameter, focally involving small intestine and colon and
histologically composed of spindle cell component only.
Patient 2 was alive at the final follow-up, |1 months after the
first operation.

The 36 control subjects on which immunohistochemical
studies were performed consisted of 12 males and 24 females
(mean age, 40 years; age range, 10-70 years).

3.2. Histologic examination

Cases | and 2 showed a typical spindle cell proliferation
in fascicles but, importantly, also had sheets or nests of
epithelioid cells with prominent eosinophilic granular
cytoplasms (Fig. 1A-D). The 2 components showed a
sharp abutment with each other. Case 1, which was initially
diagnosed as monophasic fibrous SS, had a focal area (about
10% of maximal cut surface) of granular cells. The granular
cell component was predominant (about 70%) in case 2.

Case 2 also displayed a focal aggregate of epithelioid cells
arranged in nests or strands, compatible with the typical
epithelioid component of biphasic SS (Fig. 1B, inset). Tumor
necrosis and hemorrhage were seen, but calcification or
ossification was not observed in either case. The mitotic
counts per 10 high-power fields in the spindle cell and
granular cell components were 14 and 17 in case 1, and 12
and 21 in case 2, respectively. The cytoplasm of granular
cells in case 1 revealed a weak positivity for periodic acid—
Schiff stain and was diastase resistant, whereas the granules
in case 2 were negative. Phosphotungstic acid—hematoxylin
stain and Grimelius stain were negative in both cases.

3.3. Immunohistochemistry

The results of immunochistochemical study are shown in
Fig. 2 and summarized in Table 2. Both cases with granular
cell features displayed epithelial markers in each component
(Fig. 2A). The granular cell components showed immuno-
positivity for inhibin-a in both cases (Fig. 2B and C) and
synaptophysin (Fig. 2D) and WT1 only in case 2, whereas
spindle tumor cells were negative for these antibodies. The
immunohistochemical localization of inhibin-o and synap-
tophysin was recognized in cytoplasm, and that of WT1 was
confined to the nucleus.

Thirty-six control cases were examined for immunoreac-
tivity of inhibin-o, synaptophysin, and WT1 (Table 3). Four
cases among them displayed inhibin-a—positive cells, but the
staining was weak and scant (<0.01% positive cells) and,
therefore, was interpreted as negative. No immunoreactive
cells for synaptophysin were observed in any of the control
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Fig. 1  SS with granular cell features. A (case 1) and B (case 2), Nests or sheets of granular epithelioid cells (right) showed a sharp abutment
with the typical spindle cell component (leff). A component of classical epithelioid cells arranged in strands was focally observed in case 2
(B, inset; x100). C (case 1), The epithelioid cells had eosinophilic granular cytoplasm and showed nuclear atypia (x400). D (case 2), Tumor
cells with granular cytoplasm were focally proliferated in small nests or in a cordlike pattern (%400).

cases. WT1 staining was recognized in the nuclei of spindle
cells in 6 (17%) of 36 cases.

3.4. RT-PCR and sequence analysis

Both cases showed SS78-SSX/ fusion gene transcripts by
RT-PCR and after electrophoresis. The breakpoint of S§78
and S§XI1 was confirmed by bidirectional sequencing.

3.5. Dual-color chromogenic in situ hybridization

dc-CISH enabled a simultaneous visualization of the
tumor cell morphology and the gene rearrangement. The
rearranged SSI8 was observed in granular cells as well as
other tumor cells in each case (Fig. 3).

3.6. Ultrastructural findings

Electron microscopic analyses were completed on tissues
from cases 1 and 2. Ultrastructurally, both cases showed

electron-dense granules in epithelioid granular tumor cells,
the size of which were 80 to 750 nm (mean, 300 nm) in case
1, and 240 to 800 nm (mean, 450 nm) in case 2. The granules
were mostly round in shape and sometimes vacuolated.
Especially in case 1, these granules were numerous. A few
mitochondria were also observed in case 1. Case 2 showed
some fine filaments suggesting tonofilaments. Dense-core
granules suggesting neuroendocrine granules, neurotubules,
or synaptic-like vesicles were not observed in these cases.

4. Discussion

The current study describes 2 cases of SS that had unusual
histologies of epithelioid cells with granular cell features in
addition to typical spindle cells (cases 1 and 2) and focal
conventional epithelioid structures (case 2). The granular
cells proliferated in sheets or nests, contained abundant
eosinophilic and granular cytoplasm, and showed inhibin-o
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Fig. 2  Immunohistochemistry of granular 8S. A (CK19, case 2), The granular epithelioid cells were positive for CK19. The strands of
classical epithelioid cells was strongly positive, and spindle cells were also focally positive (inset; %200). B (inhibin-c, case 1),
Immunostaining of inhibin-or was recognized in the cytoplasm of granular cells (x200). C (inhibin-o, case 2), The granular cell component
(tight) was positive for inhibin-c., whereas spindle cells (left) were negative. The granular cell component with inhibin-o positivity was clearly
distinguished from intermingled spindle cells (inset; x100). D (synaptophysin, case 2), Some granular cells in case 2 were strongly positive for

synaptophysin (x400).

(cases | and 2) and synaptophysin (case 2) immunoreactiv-
ity, which are considered unusual for SS.

SS has 2 distinct histologic components: a spindle cell
component in which short spindle cells with oval nuclei
proliferate in fascicles and an epithelioid component that
often shows a glandular stracture. SS, having both of these
components, is defined as biphasic SS, and that with either
component is diagnosed as monophasic SS, though a purely
monophasic epithelioid SS is rare. A certain number of
poorly differentiated SSs also exist, which show proliferation
of epithelioid cells, small round cells, or high-grade spindle
cells [13]. There are minor morphologic variants such as S8
with ossification [14,15], with squamous metaplasia [16,17],
and with a predominant myxoid background [18]. However,
to our knowledge, only 1 article has reported SS with
granular cells [16]. The authors of the article documented the
detailed histologic findings of 2 cases with granular cell
features in addition to other rare findings but did not describe

the immunohistochemical character of the cases. Interest-
ingly, their series of 32 SS cases were all older subjects (aged
=60 years), similar to our 2 cases. Granular cell features of
SS might be characteristic in old age.

Most cases of SS show immunoreactivity for epithelial
markers: namely, cytokerating (CKs) and epithelial mem-
brane antigen (EMA), with a higher sensitivity for EMA.
Even poorly differentiated SS cases show immunostaining of
EMA and CK in 95% and 42%, respectively [19]. Among
CKs, CK7 and CK19 are expressed in spindle cells of S8, in
contrast to other spindle cell sarcoma [20,21]. As shown in
Table 2, the present cases with granular features expressed
EMA and CKs, with a higher intensity and a larger
proportion in the epithelioid granular component than in
spindle cell component, like most biphasic SS cases. Our
cases were also positive for calretinin and neural cell
adhesion molecule (NCAM). Calretinin, which is usually
recognized as a mesothelioma marker, has recently been



6 N. Setsu et al.
Table 2  Immunohistochemical features of each component in granular SS cases
Case | Case 2
Granular Spindle Granular Spindle Conventional
epithelioid
z-Smooth muscle actin - f+ - [
B-Catenin * ++ + -+ L -
Calretinin r+ - 4 I+
CDI10 - - - - .
D68 - - - ~
CD99 s + - — -
Chromogranin A - - - — _
CK7 - -+ f+ - [
CK19 - f+ + f+ e
EMA s+ - + t o
l:strogen receptor - - - . .
Inhibin-o + - o — _
Lysozyme - - - - -
Melan A - - - - ~
NCAM - + + -
Progesterone feceptor = - - -
STOU protein - - - -~
Synaptophysin - - +
TLE] b e e ot e
WTl = - 5+ [+ £+
Ki-67 (%) 50 50 40 30 20
4, strong: 4, moderate; -, weak; —, negative staining; 1 focal (<10% positive cells); s, seattered (<3%)

* Only nuclenr f-eatenin expression is scored as positive.

reported in no less than 71% of SS cases [22]. Olsen et al {23]
reported that NCAM-positive cells were observedin 16 of 23
SS cases. WT1 is a transcriptional regulator and a tumor
suppressor that has been reported to be rarely expressed in
SS, for example, in none of 60 [22] and 1 of 10 cases [24].
Case 2 showed WT1 immunoreactivity in both spindle cell
and epithelioid components, but we found that WT1-positive
SS was not so rare, comprising 6 (17%) of the 36 control SS
cases as well. One striking immunohistochemical feature of
the present cases was immunoreactivity for inhibin-o and its
specificity for the epithelioid granular cell component. A
previous study reported that none of 15 SS cases was positive
for inhibin-a [25]. We confirmed this result by inhibin-o

Table 3  Immunohistochemical results of control cases
Histologic subtype
MSS BSS PDSS
Spindle  Epithelioid
Inhibin-o 0/20 0/11 /11 (VA
Synaptophysin ~ 0/20 0/11 011 0/5
WT1 220" 4n® 0/11 0/5

Abbreviations: MSS. monophasic 88; BSS. biphasic §8: PDSS. poorly
differentiated SS.

* Moderate and diffuse nuclear staining,

" Moderate and focal nuclear staining,

immunostaining of the 36 control cases and found no
positive case. Moreover, case 2 showed immunopositivity
for synaptophysin in the granular cell component. Olsen et al
{23] found no positive case for synaptophysin in their series
of 23 S8 cases. None of our 36 control cases showed any
immunoreactivity for synaptophysin, either. Thus, the
positivity of one of our granular cases for synaptophysin
constituted another specific immunohistochemical feature.
The o subset of inhibin is expressed in normal tissue such
as the luminal epithelium, glands, endometrial stroma, and
vascular endothelium [26]. Inhibin- is also expressed in
certain kinds of tumor and is used as an immunohistochem-
ical diagnostic marker, though its contribution to tumori-
genesis is not clearly understood. Case 2, which showed
synaptophysin positivity, was negative for another neuroen-
docrine marker, chromogranin A. Furthermore, an ultra-
structural study detected no synaptic-like vesicles in this
case. Other ultrastructural findings and special stains failed
to reveal the function or the significance of the granular cells.
As for histologic diagnosis of the SS cases with granular
cell features, other typical components could lead to the
diagnosis of SS, but a predominant granular cell component
or unusual tumor location (like case 2) would mislead the
diagnosis. Such cases of granular S8, especially in
abdominal spaces, should be distinguished from tumors
with a biphasic appearance of epithelioid and spindle cell
featares, such as malignant mesothelioma, carcinosarcoma,
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Fig.3 dc-CISH. A (case 1) and B (case 2), Split of blue and red signals (red arrows) with a paired signal (green arrow) was observed in the
nuclei of epithelioid granular cells, which indicated the presence of the rearrangement of SS7§ gene.

gastroblastoma [27], and certain types of sex cord—stromal
tomors. Biphasic malignant mesotheliomas consist of
epithelial and sarcomatous components, but they usually
blend with one another, and transitional areas may be seen.
Our cases of granular SS, like most biphasic SS, showed an
abrupt transition of the epithelioid granular and spindle cell
components. Immunohistochemically, calretinin is not useful
for distinguishing malignant mesothelioma from SS as
mentioned above. Matsuyama et al [28] reported that
positivity of transducin-like enhancer protein 1 (TLEI),
which is considered as an immunohistochemical marker of
S8, is recognized in 69% of malignant mesotheliomas and is
not reliable either. Immunostaining of CD10 and S-catenin
might be helpful, because 37% to 54% of malignant
mesotheliomas are positive for CD10 [29,30] and show no
nuclear accumulation of S-catenin [28], whereas the granular
SS cases were negative for CD10 and revealed f-catenin
expression in the nuclei. Carcinosarcomas that show a high-
grade appearance with highly atypical adenocarcinomatous,
squamous, ot undifferentiated epithelial elements differ from
granular SS, in which each component shows a relatively
monotonous appearance. Gastroblastomas, as recently
reported by Miettinen et al {27], are rare gastric epithelio-
mesenchymal biphasic tumors that occur in young adults.
Granular SS, which tends to occur in older patients, has a
sharp demarcation between spindle cell component and
granular cells. This histologic feature differs from gastro-
blastoma’s tendency to form epithelial clusters that often
blend into the mesenchymal-like elements. Sertoli-Levdig
cell umors, a kind of sex cord—stromal tumor, are composed
of variable proportions of Sertoli cells, Leydig cells, and a
primitive gonadal stroma. The histologic appearance of
epithelioid granular cells in our cases might be considered as
luteinized cell-like and was similar to that of the Leydig cell
component. In the case of intermediate or poorly differen-
tiated Sertoli-Leydig cell tumors, Sertoli components also
show spindle cell sarcoma~—like features such that they have

morphologic resemblance to spindle cells of SS. Even more
confusing is that sex cord-stromal tumors are usually
positive for inhibin-o regardless of histologic subtype [31].
Immunopositivity of the granular SS for inhibin-o could be
a potential diagnostic pitfall. The spindle component in our
cases, however, was negative for inhibin-o, whereas spindle
cells of the Sertoli component are at least weakly positive.
Immunoreactivity for hormonal receptors (estrogen receptor
and progesterone receptor) of Sertoli-Leydig cell tumors
also differs from that of granular SS. Immunopositivities for
calretinin and WT1, for which most Sertoli-Leydig cell
tumors are positive [32], might also be confusing, but it
should be noted that SS camnnot be ruled out by these
mmmunohistochemical markers because calretinin positivity
is recognized in a certain number of SS [22], and WTI-
positive SS might not be rare (as we show in this study).
Immunohistochemical differential diagnoses in soft tissue
sarcoma might include granular cell tumors (inhibin-o
positive) [33], but they are different from granular SS in
that they rarely appear as biphasic histology and that they
are usually positive for S100 protein. Despite the
differential diagnoses above, a chromosomal translocation
%(X;18) and resulting chimeric SS78-SSX gene have been
shown to be characteristic of SS, and SS/8-SSX7 or S$5/8-
SSX2 fusion transcripts are identified in most SS cases
[34,35]. The diagnoses of SS in the present cases were
supported by demonstrating SS/8-SSXI transcripts by RT-
PCR analysis. Moreover, SSI8 rearrangements were
confirmed in epithelioid granular cells and spindle tumor
cells by dc-CISH.

In this study, we have described 2 cases of SS with
granular cell features, occurring in older female subjects and
showing immunoreactivity for inhibin-o: and synaptophysin.
These immunohistochemical findings have not been previ-
ously reported in SS and might be characteristic of granular
SS. Their histologic and immunohistochemical features are
potential diagnostic pitfalls. It is hoped that their cytologic
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differentiation and biologic behavior will be clarified by
further reports.
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Abstract. Liposarcomas are separated into clinicopatho-
logical entities by a characteristic morphological spectrum and
distinctive genetic changes. Myxoid liposarcoma (MLS) repre-
sents one such entity with specific chromosomal translocations
leading to the generation of fusion genes, the human translo-
cation liposarcoma (TLS)-CCAAT/enhancer binding protein
(C/EBP) homologous protein (CHOP) or the Ewing sarcoma
(EWS)-CHOP. In the present study, four cases of liposarcoma
with detection of TLS-CHOP or EWS-CHOP, whose postop-
erative diagnosis was other than MLS (one well-differentiated
liposarcoma, two de-differentiated liposarcomas and one
unclassified) were examined for medical records, imaging
data and histopathology. Clinical records demonstrated that
three of the four cases were considerably difficult to diagnose
definitively, and histopathological re-examination pointed out
areas of myxomatous change as a minor component (<10%).
Their dominant components (>90%) resembled pleomorphic
sarcoma, pleomorphic malignant fibrous histiocytoma and
monophasic synovial sarcoma. The current cases may repre-
sent an extreme variant of the morphological spectrum within
MLS. In cases of difficulty in making definitive diagnosis of
soft tissue sarcoma by standard histopathological examination
and identification of myxoid stroma even as a minor compo-
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nent, analyzing TLS-CHOP and EWS-CHOP fusion genes
may aid the diagnosis of unusual MLS.

Introduction

Liposarcomas are the most common class of soft tissue sarcoma,
and are separated into distinct clinicopathological entities
with a characteristic morphological spectrum and exclusive
genetic changes (1,2). Myxoid liposarcoma (MLS) represents
one such entity with the second most common prevalence after
well-differentiated liposarcoma. A significant proportion of
MLS contains a cytogenetic hallmark, t(12;16)(q13;p11), which
leads to the fusion of the CCAAT/enhancer binding protein
(C/EBP) homologous protein (CHOP) and human transloca-
tion liposarcoma (7TLS) gene, generating TLS-CHOP fusion
transcript (3-10). In a minor population of MLS, a variant
chromosomal translocation, 1(12;22)(q13;q12), has been docu-
mented, resulting in the Ewing sarcoma (EWS)-CHOP fusion
gene (5,6,8-12). Our recent fusion gene analysis of 172 cases of
adipocytic tumors, comprising 98 cases of lipoma and 74 cases
of liposarcoma, established that TLS-CHOP and EWS-CHOP
were specific to liposarcoma (10). However, of note, among
the distinct entities of liposarcomas, the fusion genes were
detectable in four cases whose histopathological diagnosis was
other than MLS. The present study aimed to re-examine the
clinicopathological features of these four ‘unusual’ cases, and
the results indicated the histopathological variation in MLS.

Materials and methods

Case selection. The patients included in this study were
2 males and 2 females, ranging in age from 32 to 74 years
(mean 59), who presented with a mass lesion ranging from 2.5
to 14 cm in size. After written informed consent was obtained,
tissues from 74 liposarcomas obtained at the time of surgery,
and stored at -80°C, were analyzed by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) and DNA sequencing
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Table I. Clinicopathological characteristics of four cases with detectable TLS-CHOP or EWS-CHOP transcripts whose diagnosis

was other than myxoid liposarcoma.

No. Age/ Location Size Postoperative Differential diagnosis Myxomatous Adjuvant Follow-up after Fusion
Gender (cm)  diagnosis and dominant cells ~ component therapy wide resection gene

I 70/M Thigh  >10 WDLS ND ND No 72mo ANED TLS-CHOP

2 74/F Thigh 25 DDLS Pleomorphic sarcoma, <10% No 129 mo ANED TLS-CHOP
spindle cells

3 58/M Retro- ND DDLS Pleomorphic MFH, <10% Chemo, 22morec; EWS-CHOP

peritoneum spindle cells Radio 40 mo SD

4 32/F Back 14 Unclassified Synovial sarcoma, <5% Chemo 36 mo ANED, TLS-CHOP

spindle cells DID

ANED, alive no evidence of disease; DDLS, de-differentiated liposarcoma; DID, deceased independent of disease; SD, succumbed to disease;
F, female; M, male: MFH. malignant fibrous histiocytoma; mo, months; ND, no data; rec, local recurrence; WDLS, well-differentiated

liposarcoma; Chemo. chemotherapy; Radio, radiotherapy.

Figure 1. Histopathological re-examination of the biopsy specimen (case 2).
(A) The dominant component (>90%) showed variable cellularity and cyto-
logical pleomorphism with collagenous matrix, an appearance of pleomorphic
sarcoma (magaification, x100). (B) High-power magnification of the dominant
component contained large bizarre cells with foamy cytoplasm (magnification,
x400). (C) The minor component (<10%) contained abundant intercellular
my=xoid stroma with notable infiltration of inflammatory cells (magnification,
x100). (D) High-power magnification of the minor component (inagnification,
x400). Hematoxylin and eosin staining.

for possible detection of the TLS-CHOP or EWS-CHOP tran-
seripts (10). Histological subtypes of liposarcomas, determined
by pathologists, consisted of 12 well-differentiated, 41 MLS,
4 de-differentiated, and 17 unclassified. Out of the 74 liposar-
comas, 22 (30%) were associated with the TLS-CHOP fusion
transcript, whereas 3 (4%) were associated with the EWS-CHOP
fusion transcript. Histological subtypes of TLS-CHOP detec-
tion consisted of 1 well-differentiated (8% of the subtype),
19 MLS (46% of the subtype), 1 de-differentiated (25% of the
subtype) and 1 unclassified (6% of the subtype). Histological
subtypes of EWS-CHOP detection in liposarcoma included
2 MLS (2% of the subtype) and 1 de-differentiated (25% of
the subtype). Based on the above, four cases of liposarcoma

Figure 2. Histopathological re-examination of the biopsy specimen (case 4).
(A) The dominant component (>95%) consisted of fascicles and sheets of
uniform, relatively small ovoid neoplastic cells, mimicking typical appearance
of monophasic synovial sarcoma (magnification, x100). (B) High-power mag-
nification of the dominant component (magnification, x400). (C) The minor
component (<5%) contained small amount of intercellular myxoid stroma and
neoplastic cells were not closely packed (magnification, x100). (D) High-power
magnification of the minor component (magnification, x400). Hematoxylin
and eosin staining.

with detection of either TLS-CHOP or EWS-CHOP whose
postoperative diagnosis was other than MLS were selected
for the current study, consisting of re-examination of medical
records, imaging data and histopathology. The procurement of
frozen tissues and retrospective data collection were approved
by the Review Boards of Osaka University Hospital and Osaka
Medical Center for Cancer and Cardiovascular Diseases.

Results
Clinically, the patients were 2 male and 2 female, ranging

in age from 32 to 74 (mean 59) years, and presenting with
a mass lesion ranging from 2.5 to 14 cm in size (Table I).
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Figure 3. (A) Clinical image of case 4. A large mass localed in the right section of the back. (B) Computed tomography image demonstrating the lesion mostly

localized in the back muscle, partly penetrating into the thorax.

Postoperative diagnoses were well-differentiated liposarcoma
(case 1), de-differentiated liposarcoma (cases 2 and 3), and
unclassified (case 4). The patients underwent wide-resection
with or without adjuvant therapy. Follow-up was available for
all 4 patients and ranged from 36 to 129 months (mean 69)
after surgery.

Re-examination of the clinical records identified that
three of the four cases (cases 2, 3 and 4 in Table I) experi-
enced considerable difficulty in making definitive diagnosis.
Histopathologically, two cases postoperatively diagnosed
as de-differentiated liposarcoma (cases 2 and 3 in Table I)
exhibited variable cellularity and cytological pleomorphism,
and contained large bizarre cells with foamy cytoplasm
(Fig. 1A and 1B). In one case postoperatively diagnosed as
unclassified (case 4 in Table 1), spindle cells were densely
proliferated (Fig. 2A and B); however, the tentative diagnosis
of monophasic synovial sarcoma was postulated by the
subsequent RT-PCR analysis, which did not detect any syno-
vial sarcoma, translocated to X chromosome (SYT)-sarcoma,
synovial, X breakpoint (S5X) fusion transcripts for the defini-
tive diagnosis (13). Re-examination of the histopathology
identified that these three cases contained areas of myxoma-
tous change as a minor component (<10%) (Figs. 1C and D
and 2C and D).

Clinical report (case 4). A 32-year-old female presented with
a large mass measuring 14 cm located on her back (Fig. 3A),
which had occasional pain from one month prior to presenta-
tion. Computed tomography demonstrated that the mass lesion
was predominantly located under the fascia of the back muscle,
but partly penetrated into the thorax (Fig. 3B). Magnetic reso-
nance imaging revealed non-homogeneous enhancement of
the lesion following gadolinium diethylenetriaminepentaacetic
acid injection. Open biopsy clearly supported the malignant
nature of the lesion (Fig. 2A and B), and wide-resection
was achieved with adjuvant pre- and post-operative chemo-
therapy. There were no signs of recurrence or metastasis
prior to the patient's death due to suicide at 36 months
after surgery.

Discussion

According to the World Health Organization (WHO) clas-
sification, MLS is defined as ‘a malignant tumor composed
of uniform round to oval-shaped primitive non-lipogenic
mesenchymal cells and a variable number of lipoblasts in a
prominent myxoid stroma with a characteristic branching
vascular pattern’ (2). In this retrospective analysis of four
cases, their postoperative diagnoses, divided into various
classes, were revised to MLS following the detection of the
TLS-CHOP or EWS-CHOP fusion transcripts. With the excep-
tion of one case (case 1) whose histopathological material was
not available, re-examination proved that these cases shared
a common characteristic, i.e., a myxomatous area as a minor
component (<10%), indicating that there are unusual MLS
cases whose myxoid stroma is not prominent.

Dominant components (>90%) of the current cases
resembled pleomorphic sarcoma (case 2), pleomorphic
malignant fibrous histiocytoma (case 3) and monophasic
synovial sarcoma (case 4). In cases 2 and 3, the dominant
component had been regarded as a de-differentiated feature
of the de-differentiated liposarcoma. As shown in mixed-type
liposarcomas consisting of combined patterns of well-differ-
entiated liposarcoma and MLS, these cases (and possibly also
case 1) may represent an extreme variant of the morphological
spectrum within MLS (14). On the other hand, in case 4, the
contradiction between histopathological appearance and the
negative detection of SY7-SSX fusion transcripts resulted
in a delay in classification, and this case was considered to
comprise exclusively round-cell type MLS.

In conclusion, the present study indicates the histopatho-
logical variation in MLS and the significance of fusion gene
detection for definitive diagnosis. In case of i) difficulty in
providing definitive diagnosis of soft tissue sarcoma by stan-
dard histopathological examination; ii) negative detection of
the histopathological candidate fusion gene (as in case 4 in
this study); and iii) recognition of myxoid stroma even as a
minor component, we propose that analysis of TLS-CHOP
and EWS-CHOP fusion genes may aid diagnosis of unusual
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MLS. Further studies on the correlation between fusion genes
and clinicopathological characteristics of MLS are required to
establish the specific identity of this class.
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ABSTRACT

Prosthetic reconstruction in two patients with malignant bone tumors of the distal tibia was conducted.
The diagnoses were metastatic bone tumor in one patient and low grade central osteosarcoma in another.
The mean duration of follow-up was 5.5 years (3 and 8 years). Reconstruction was achieved using custom-
made prosthesis JMM, Japan Medical Materials), which replaced the distal tibia. In the patient with
metastasis, local recurrence occurred 8 months after the primary surgery and the recurrent tumor was
resected. Both patients were free from neoplastic disease at the latest follow-up. The average functional
scores according to the system of the Musculoskeletal Tumor Society were 25 and 23. Custom-made pros-
theses allow an early return to functional weight-bearing without major complications. This technique
provides a safe and effective method of stabilization for properly selected malignant tumors of the distal

tibia.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Malignant bone tumors of the distal tibia are very rare [1].
Below knee amputation has been a surgical treatment of choice
for the local tumor with satisfactory functional results [1,2]. The
subcutaneous location and proximity of the distal tibia to the neu-
rovascular bundle and tendons make adequate excision with wide
margins of malignant tumors of the distal tibia difficuit to achieve
[2]. Therefore, there have been only few publications on prosthetic
replacement of the distal tibia [1,2].

In this study, custom-made prosthetic reconstruction without
talar surface replacement in two patients with malignant tumors
of the distal tibia was performed. Hence, the clinical and functional
results of this method are being presented.

2. Preoperative planning and custom-made prosthesis

Before operation, the patients were assessed to determine the
extent of the local disease and presence of metastases by clinical
assessment, plain radiography, and chest tomography (CT). Mag-
netic resonance imaging (MRI) was also performed to define the
extent of the tumor, involvement of the soft tissues, particularly
the neurovascular bundle, and level of bone resection.

The prosthetic system (Japan Medical Materials Ltd., Kyoto,
Japan) is custom-made based on the anticipated level of resection
of tibia for distal tibial bone tumors (Fig. 1). The prosthesis takes
approximately 6 weeks to prepare.
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3. Operative technique

Surgical approach was determined by the position of the tumor.
Meticulous resection was carried out to possibly preserve a wide
margin of tissue. The tumor was excised en-bloc (Fig. 2A and
B). The proximal intramedullary canal was reamed and the stem
was secured with bone cement, with a clinical outcome of appro-
priate rotational alignment in mind (Fig. 2C). The joint elements
made with ultrahigh molecular weight polyethylene (UMWP)
were manufactured to fit the talar joint surface. The range of
motion and stability of the ankle were evaluated before the skin
was closed.

4. Post operative rehabilitation

The patient was mobilized from bed to chair within the first 48 h
postoperatively. A short-leg splint was applied after four weeks and
then passive and active movements were commenced (Fig. 2D).
Partial weight-bearing was allowed at 4 weeks, which progressed
to full weight-bearing at about 6 weeks.

5. Functional assessment

Functional outcome was assessed using the Musculoskeletal
Tumor Society (MSTS) functional evaluation system [3]. The MSTS
score is composed of pain, function, emotional acceptance, walking
ability, gait, and use of walking aids, with a higher score indicating
better functional outcome.



