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Figure 1, Preaperative images of the sacrum. A: Plain radiograph shows an osteolytic area in the left part of the sacrum. B: Digital
subtraction angiography {DSA) before preoperative treatment. Hypervascular tumor was observed. C: T1-weighted magnetic resonance
imaging shows low signal intensity area in the sacrum with infiltration into the left ilium. D: Thallium-chloride scintigram shows a high
uptake area in the buttock. E: Hematoxylin and eosin staining shows that most of the tumaor cells are spindle-shaped mesenchymal cells,
which have ovoid and round nuclei with hypochromatism. A high percentage of mitotic cells leads to a diagnosis of high-grade

malignancy.

of the tumor cells are spindle-shaped mesenchymal cells, which
have ovoid and round nuclel with hypochromatism. In the ar-
eas of hypercellularity, in “palisading” in complicated arrange-
ments are found. In the specimen analyzed, no epithelial differ-
entiation was evident. Immunohistochemically, the tumor cells
exhibited reactivity to vimentin but were not reactive to keratin
AE1/3, desmin, and $-100. A high percentage of mitotic cells
leads to a diagnosis of high-grade malignancy. Synovial sar-
coma is highly suspected by the histologic findings (Figure 1E).
However, because the SYT-S5X fusion gene was absent and
the response to necadjuvant chemotherapy was excellent, we
designated the tumor as unclassified sarcoma.

Neoadjuvant chemotherapy was performed with two cycles
of intravenous administration of Uromitexan, doxorubicin, if-
osfamide, and dacarbazine. In addition, intra-arterial adminis-
tration of cisplatin (120 mg} and radiotherapy {total 40 Gy)
was performed. The preoperative treatment induced incremen-
tal reductions in tumor size in repeated MR studies (Figure 2)
and digital subtraction angiography.

In May 1997, surgery was performed using a sequential
anterior, bilateral and posterior approach, beginning with the
patient in supine position. Then the retroperitoneal space was
exposed through two separate incisions along the rectus abdo-
minus muscle. The anterior aspect of the sacrum was exposed,
and the internal iliac and central sacral vessels were identified
and ligated. The surface of the L5-S1 disc was incised, and the
T-saw was left in place for cutting the disc completely after-

wards. The surface osteotomies of the internal cortex were
done at 1 cm lateral from the right sacroiliac joint and at 3 cm
lateral from the left sacroiliac joint, and T-saws were placed for
cutting ilia afterwards. The roots of the fifth lumbar nerve were
identified and the left one was cut. Then the harvesting of fib-

Figure 2. A: Gadolinium-diethylenetriaminepentaacetic acid
{DTPA}-enhanced T1-weighted images before preoperative treat-
ment. A large mass was shoewn not only in the sacrum but also in
the retroperitoneal space before the sacrum. B: Gd-DTPA-
enhanced T1-weighted MRI after finish of preoperative chemo-
therapy. A small tumor tan be seen.
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Figure 3. A: Postoperative radiograph shows the massive skeletal
reconstruction and the bag of antibiotic impregnated cement
beads. B: Radiograph shows Zietke rod, which was left after
removal of the ISOLA system due to infection.

vlar graft (110 mm) from both lower legs was undertaken un-
der an air-tourniquet. The patient was moved into prone posi-
ticn, and the posterior approach was started with a three-
limbed incision, the so-called “Mercedes star incision,” on the
lower back. The osteotomy of the ilia around the sacroiliac
joint was completed with the T-saw. After the L5 laminectomy,
the dural sac at L5-S1 was ligated and cut. All the ligaments
connecting the sacrum to the ischium (sacrotuberous and sa-
crospinous ligament) and the anal coccygeal ligament were ex-
posed and cut. The sacrum was elevated from distal to proxi-
mal after cutting the sacral nerves. At this time, a total en bloc
resection of the sacrum with a part of iliac wing was
accomplished. )

The spinal instrumentation system was used to connect the
lumbar spine and both ilia. Reconstruction began with the LS
vertebral body, which was pulled distally and placed between
the bilateral iliac crest. A Zielke rod inserted through both iliac
crests and the vertebral body of the ffth lumbar spine closed
the space between the crests, compressing them to the vertebral
body viz nuts of the Zielke system (Ulrich, Germany). The
pedicular screws of ISOLA system (DePuy AcroMed, Rayham,
MA) were inserted from L3 through L5. Iliac screws were in-
serted in both ilia. The ilia were then notched to receive the
press-fit autogenous fibula grafts distal to the L5 body. A bag of
antibiotic-impregnated beads with piperacillin (16 g} and gen-
tamycin (480 mg) into Surgical Simplex P Radiopaque Bone
Cement (40 g, Howmedica} was placed to reduce the vacated
space and to assure a local contro] of infection (Figure 34).
Myocutaneous wound closure with gluteus muscle was per-
formed, and four suction drains were placed. Total bleeding
was approximately 12,000 mL, and the operative time was 19
hours. Histologic examination of the resected specimen con-
firmed the positive response to the preoperative treatment, no
viable tumor cells were found. Intravenous antibiotic adminis-
tration continued for 16 days due to a urinary tract infection
followed by 5 weeks of oral administration. The gentamycin
beads were removed 3 months after surgery, and passive range
of motion exercise started in a wheelchair 8 months after sur-
gery. Daily rehabilitation {(quadriceps setting exercise, active
range of motion exercise, ambulation with a walker) enabled
the patient to finally walk with two crutches in the second
postoperative year. During the postoperative chemotherapy (3
cycles of MAID; Mesna, ADR, IFX, DTIC), decubitus of the
buttock expanded. Despite daily irrigation, the ISOLA system
and iliac screws were removed to control an infection that
developed in the ninth postoperative month (Figure 3B). The
autogenous fibula grafts were stable, and the Zielke rod re-
mained in place.

At 5 years after tumor excision and reconstruction, the pa-
tient continues to be disease free. He can drive an automobile
with automatic transmission and ascend stairs holding the
handrail and wvsing ome crutch. He can urinate by self-
catheterization and can evacuate the bowel by voluntary in-
crease of the abdominal muscle pressure or a laxative. At the
last follow-up, the patient expressed satisfaction with his de-
gree of mobility and ability to live independently.

B Discussion

The estimated incidence of primary sacral tumors among
all bone tumors is 1.49% (332 of 22,327) from 1967 to
1992 in Japan'*; among them, the common primary ma-
lignant sacral tumors are chordoma (163 cases), chon-
drosarcoma (25 cases), osteosarcoma (11 cases), and
Ewing’s sarcoma (31 cases). Synovial sarcomas of the
sacrum are rare. In this patient, the initial histologic as-
sessment of a specimen from open biopsy of the sacrum
was reported as synovial sarcoma. Although SYT-5510
fusion gene can be detected in 95% of synovial sarco-
mas,’*'? this tumor should be designated as an unclas-
sified sarcoma because of the absence of SYT-5510 fu-
sion gene and the markedly excellent response to
chemotherapy. Chemosensitivity of synovial sarcoma is
reported to be not high, and it does not seem to affect
pleomorphic fibrosarcoma or osteosarcoma.?®

Total or extended sacrectomy was the only radical
means to treat the massive sacral tumor in our case. Al-
though the incidence of local recurrence after excision of
sacrum tumor is high,”?! if wide local excisions are per-
formed in sacral neoplasms, there seem to be few local
recurrences, Combined anterior and posterior excision is
needed for lesions extending to the 51 or $2 body to
achieve adequate margin.>"?-10

Resection involving more than 50% of the sacroiliac
joint makes the pelvis unstable,!* and reconstruction af-
ter extensive sacral tumor resection, which results in
complete dissociation of the spine from the pelvis, is nec-
essary to restore continuity of the spine and pelvic
ring.>”%2 Various reconstruction methods after total
sacrectomy include the use of sacral bars to connect the
ilinm and the spine with Harrington rods, the use of
transpedicular screws with iliac screws connected by
plates, the vertical Galveston rods attached to cross-
connecting spinal rods, a threaded transiliac rod, and the
use of custom-made sacral prosthesis.>7*'%%2 For the
current case, we selected the Zielke rod to obtain com-
pression between L5 vertebra and bilateral iliac crest,
and the ISOLA reconstruction system, which allowed the
patient to walk with crutches early in rehabilitation.

Unavoidable neurologic deficits in total sacrectomy
are serious in the treatment selection. The sacrifice of the
53 nerve root causes sexual dysfunction, and of the bi-
lateral 52 nerve roots, cause loss of normal urogenital
and rectal functions.” In the same way, motor function of
the lower legs is disturbed after resection of sciatic
nerves, but walking with a short leg brace is possible if
the L3 nerve roots can be preserved.
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The postoperative course is often complicated by in-
fection and delayed wound healing.>? The risk of post-
operative infection is high because of the large space
vacated by the sacrum, the use of instrumentation, and
the long time in surgery. The aggressive measures taken
to avoid early infection were effective in the current case;
late infection during postoperative chemotherapy devel-
oped due to decubitus,

The surgical risks and postoperative complications
that attend an extended total sacrectomy are not trivial,
Neurologic deficits and gait disturbance are unavoid-
able. The risk of fracture from falling is increased. On
balance, the patient remains disease free and is satisfied
with his level of activity and autonomy. The patient’s
excellent response to preoperative antitumor treatmernt
was a key consideration. The decision between a wide
local excision with reconstruction and a less extensive
procedure with combined therapy remains controversial.

) ', N Key Pomts

e We report a case w;th sacra] mahgnancy, and a
~ successful ‘en bloc excision of the whole sacrum -
‘including part of the iliac wings, followed by recon-

struction of the sacroiliac joint.

‘e The surgical risks and cornphcanons in total sa-

‘crectomy are serious. - ‘ TR

‘s The patient’s excellent response to preoperatwe
- anti-tumor treatment was a 'key consideration. .
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Reconstruction with ipsilateral fibula transfer with pasteurized
bone after excision of bone sarcoma of the tibia
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Abstract

We report a tcchmque of implantation of the ipsilateral vascularized fibula with pasteunized rccyc]ed bone after excision of
tibia sarcoma in two cases. Plate and screws were used for osteosynthesis of the tibia or talus, vascularized fibula, and
pasteurized bone. Microsurgery is not necessary for this reconstruction technique. Two patients who underwent this
technique have obtained good functional results without tumor relapse 5 and 6 years after operation. The technique
produced excellent results with regard to tibial reconstrucnon in these cases. We found it to be simple, speedy, safc, and

a low cost technique by use of recycled bone. -

Introduction

Tumor area in bone and its 'extraskeletal involvement
can currently be clearly recognized with a careful

preoperative radiological evaluation, including mag-

netic resonance (MR) imaging.! Improved imaging
techniques? and preoperative chemotherapy™2*
permit limb-sparing surgeries to be carried out
safely in patients with bone and soft tissue tumors.
Good long-term functional results have been
reported after reconstruction of large bone defects
usmg vascularized fibular grafts after tumor resec-
tion.” The bone union rate in one report was 81%
(130 of 160 patients) at an average of 42 months afrer
vascularized bone transfer.® However, lower extre-
mity reconstructed with only a vascularized fibula
apparently is too weak to withstand the mechanical

stresses of full weight bearing before union or

thickening of the grafted fibula. When a pasteunzed
bone shell is implanted around a vascularized fibula,
the recycled bone can strengthen the fibula and bone
junction, and protect the fibula from mechanical
failure. Moreover, if ipsilateral vascularized fibula
from the affected site is available, the operative
invasion can be limited to only one leg. We report a
technique of such a reconstruction” of the tibial
defects after tumor excision of the tibia in two cases.

The ipsilateral vascularized fibula was transferred
centro-medially, and pasteurized tibial bone was
implanted. as an autograft shell with plate and
screws. The * procedure "is a .modificaton of a
technique originally described by Capanna er al.”
and Wuisman et al.®

Operatlve techmque

"The tibial tumor is excised w1r.h a w:de margin. The

attached soft tissue of the resected bone including
the tumor is removed. “Tumor resection and graft

" preparation procedures must be done on tables other
‘than the  instrumentation or. operation table to

prevent tumor contamination. A massive pasteurized

* bone graft is prepared from  the" resected tibial

portion by treatment in physiological saline with
powdone iodine (concentrauon, 3000 mg/1000 mL)
at 60°C for 30 min.'° The pasteunzed bone then is
reamed. "One-third of the: cxrcumference of the
pasteurized bone is excised longltud.lnally to allow
implantation of the vasculanzed fibula'in the cavity
of the shell, Two—tlurds of the. tibia is retained
for - extemal support of the - vascularized fibula.

. The ipsilateral fibula, which is usually cut 4-5e¢m

longer than the resection, is harvested with its
penosteal cuﬂ’ and peroneal vessels The ends of
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the vascularized fibula are inserted a few centimeters
into the medullary canal of the residual tibia, and
5 mm into the talus. The mets-diaphyseal intercalary
pasteurized bone is implanted around the fibula with
the vascular pedicle emerging from the split side of
the pasteurized bone. The fibular blood flow is
confirmed by the bleeding at the end of the bone
before osteosynthesis.

Case report
Case 1

A 45-year-old man had a sudden onset of left
lower leg pain while he was playing baseball. A
radiograph of the left lower leg revealed a patholo-
gical fracture of the tibia and he was referred to
the authors” hospital. The patient’s medical history
and family history were unremarkable. The partient
presented with swelling and tenderness of the
left lower leg. Plain radiographs revealed an osteo-
lytic shadow and a fracture at the distal metaphysis
of the left tbia (Fig. 1). Bone scan showed an
abnormal uptake from the shaft to the distal tibia.
A digital subtraction angiograph showed increased
vascularity of the vessels in the lesion. MR images
showed a low-signal intensity tumor with an extra-
skeletal tumeor projection on Tl-weighted images
(Fig. 2a) and a high-signal intensity on T2-weighted
images. Gadolinium-diethylenetriaminepentaacetic
-acid (DTPA)-enhanced T1-weighted images showed

_ imhomogeneous

enhancement of the tumor
{Fig. 2b). Open biopsy was performed; the diagnosis
was lejomyosarcoma. Two cycles of preoperative
chemotherapy ifosphamide, doxorubicin, and dacar-
ubazine (MAID)® were administered. Preoperative
intra-arterial administration of cisplatin (150 mg)
was done twice. Preoperatve MR images made
after chemotherapy showed tumor limited to the
tibia.

The tumor was excised with a wide margin.
The resected bone was removed for pasteurization.
The fibula was cut 5cm longer than the resected
tibia. After dividing the intraosseous membrane, the
peroneal vessels were identified. The fibula was not
released, but with the muscles, it was moved antero-
medially. The proximal end was inserted in the
residual tibia and the distal end was inserted in the
talus. The pasteurized bone was implanted around
the fibula. A long plate with seven screws was used
for osteosynthesis.

The bone union was rapid, and partial weight
bearing began 12 weeks after operation. At 6 months,
full weight bearing was permitred. Twelve months
after operation, the junction between the recycled
bone and host bone had almost healed. The patient,
a postman, had resumed his work, which included
riding a motor bike, At 5 years after the operation,
the junction was completely healed (Fig. 3). The
leg length discrepancy was 3 ¢cm. Evaluation scores
at last follow-up, according to the method of
Enneking et al,!* were 5 in pain, 4 in function, 4

Qzaki T, et al.

Fig. 1. Case 1. Plain radiograph shows a radialﬁcent aréa w;rh pathr;légical Jracrure mr.he dtscal tibta. (a) Antero-posterior view;
. (b) lateral view.
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Fig. 2. Case 1. (@) Tl—we:ghwd magnetic. resonance (MR). imaging showed a. taw—szgnal mten.suy tumor with extra-skeletal
projection. (b) Gadolinium-diethylenetriaminepentaacetic acid (DTPA)-enhanced TI-wetghzed images showed an inhomogeneously
enhanced tumor.

emotional acceptance, 5 support, 5 for walking, 4 for
gait; 27 (90%) in total.

Case 2

A 12-year-old boy had right lower leg pain without
trauma. His medical history indicated that he had
had red cell aplasia 1 month after birth and had

received steroid therapy. His family history indicated

that his mother had colon cancer. The patient’s
lower leg pain increased gradually, and night pain
developed. Abnormal findings were identified on
plain radiographs, and he was referred to the authors’

institute where he presented with tendemess on the .

proximal part of the right lower leg. -
Plain radiographs showed a periosteal reaction of
the posterior diaphysis and a sclerotic shadow in

the meta-diaphysis of the right tibia (Fig. 4a). MR

images showed a low signal intensity area of 15cm
on Tl-weighted images (Fig. 4b) and a high signal
intensity area on T2-weighted images in the diaphy-
sis of the right tibia. A bone scan showed an
abnormal high-uptake in the right meta-diaphysis of
the tbia. Histological diagnosis indicated a high

suspicibn of bénigh tumor with a small possibility of
osteosarcoma. There was no extra-skeletal tumor

- protrusion, and the dmgnosm was unclear.

Tumor excision thh ‘a wide Surgical margin

" without' preoperatxve chcmotherapy was performed

in this patient. The residual epxphyseal bone segment
measured 2cm in thickness. After tumor excision,
the vascularized fibula, which was 4¢m longer than
the tibia defect, was- transferred antero-medially.
The vascularized ﬁbula was inserted in the pasteur-
ized resected tibia (Flg 4c), and both ends of the
fibula  were inserted ‘in : the Tesidual dbia.
Osteosynthes.ls was by means ‘of metal plates with
screws. Histological dJagnoms after eXamination of
the resected specimen was a low-grade osteosar-
coma. Postoperative chemotherapy was administered
according to the modified NECO95F protocol.*
Partial weight bearing was started 11 weeks after
operation. Full weight bearing was pe_nmtted from 3
months after operaﬁOn._'Td'_daté, ‘the patient has
survived more than 5 years without relapse after the
operation. He can walk without external support
(Fig. 5a). The bone union is excellent (Fig. 5b).
The leg length discrepancy was 3cm. Evaluaton
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Fig. 3. Case 1. Radiograph raken ar 5 years afier operation. The junction site of bone healed completely. (a) Antero-posterior view;
L (&) lateral view.

Ozaki T, et al.
Fig. 4. Case 2. (a) Radiograph showed periosteal reaction bftﬁe posterior proximal mera-diaphysis of the tibia and sclerotic shadow in

the proximal meta-diaphysis of the right tibia. (b) Magnetic resonance images showed a low signal intensity area (T1-weighted
tmages). (¢) The fibula end protrudes from the pasteurized tibia.
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Fig. 5. Case 2, Five years after operan};;ﬁ. (a) The patient, a h:;'gh'-ichaal :mdent at age 17 years, is shown using the knee brace.
However, he can walk without further external supports. (b) Anterior-posterior view of plain radisgraph. (t) Lateral view of plain
radiograph: -

scores at last follow-up, according to the method of
Enneking et al.,'! were 5 for pain, 3 for function, 4 for
emotional acceptance, 4 for support, 4 for walking,
4 for gait; 24 (80%) in total. :

Discussion

Cappana et al., in 1991, reported that contralatera!
vascularized fibula anastomosis was performed after
excision of the tibial sarcoma.” Their reconstruction
procedure was characterized by a combination of an
external allograft with an inner, vascularized free
fibular flap.”*? In 1996, Wuisman et al. reported
ipsilateral vascularized fibula transfer with implanta-
ton of allograft after excision of tibial sarcoma.®
The author of the current report published the
results of ipsilateral vascularized fibula and implanta-
tion of allograft shell in 12 cases.'® The subsequent
debate on the relative usefulness of the ipsilateral
fibula graft versus the contralateral fibula graft
continues.

Ipsilateral fibula transfer is an easy technique that
can be completed in a relatively short operation time,
and does not require vessel anastomosis. Volume
reduction of the lower leg due to antero-medial shift
of the fibula facilitates skin closure after tumor
excision. However, careful control of alignment at
the operative site is necessary to prevent malalign-
ment of the lower leg. In cases of vascularized
fibula transfer, valgus deformity of the donor
site ankle is known to occur after fibulectomy,'*!?
especially in children younger than 10-12 years, %17

A tbiofibular syndesmotic screw efficiently prevents
ankle valgus.®

We think that the fibula alone is inadequate to
withstand compression and torsion stresses of weight
bearing. And it is thought that a shell implant with
plate and screws is a reasonable structural supple-
ment for the fibula. Internal plate fixation is
preferable to external fixation for osteosynthesis. In
a previous report,'> patients with fixation by screws
or Kirschner wire had fracture or deformity of the
junction, but patients with plate fixation had no such
complications at the junction. A long plate with
several screws is better than a minimal osteosynthesis
using small fragment screws.!? The risk of infection
may be increased because patients usually receive
postoperative chemotherapy and the pasteurized
bone is not as strong as against infection. However,
pasteurized bone, in general, has fewer complications
and faster bone union than allograft bone does,!%!?

Both cases in the current report illustrate recon-
struction of the tibia with vascularized fibula transfer
and pasteurized bone. The authors consider the
method to be excellent for tibial reconstruction
because it is a simple, speedy, and safe technique
with an economical use of recycled bone.
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