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Abstract En bloc resection of iliosacral sarcomas is a

surgical challenge. There are substantial risks of inadequate

margins, local recurrence, and nerve root loss when pelvic

sarcomas involve sacral root canals and foramina. The

decancellation technique uses principles similar to trans-

pedicle decancellation in spinal deformity correction to

perform the sacral osteotomy in iliosacral tumor resection.

The technique aims at improving sacral margins and

minimizing loss of neural function. We performed a

decancellation osteotomy in five patients with sarcomas

requiring difficult oblique or sagittal sacral osteotomies and

selective root sacrifice. Through laminectomy and without

anterior exposure, a precise full-thickness osteotomy of the

sacrum was performed without major technique-related

morbidities or complications. This was followed by formal

pelvic resection and reconstruction. Surgical margins were

adequate in all patients and all tumor-free nerve roots were

preserved.

Introduction

En bloc resection of malignant tumors of the posterior

pelvis and sacrum is a surgical challenge. Eight percent to

25% of posterior pelvic tumors may have sacral extension

[13, 17, 27]. Tumors extending only slightly into the

sacrum may be excised with an osteotomy through the

lateral sacral mass whereas resection of tumors involving

sacral nerves and vertebrae or the lumber spine is more

complex. These tumors are either inoperable or en bloc

resection is possible with limited room for error. The

complex local anatomy and the surgeon’s desire to protect

neural function may increase the likelihood of inadvertent

tumor penetration [4, 20]. In addition to neural injury or

sacrifice, substantial morbidity may result from disruption

of major weightbearing joints [4, 16, 17].

Some authors have suggested delayed diagnosis and

inferior outcomes of patients with pelvic tumors compared

with those of the extremities [3, 24, 30]. In one study of

multimodal therapy for nonmetastatic Ewing’s sarcoma of

the pelvis, the 5- and 10-year event-free survival rates were

46% and 44% in pelvic lesions compared with 64% and

69% in extremity lesions [3]. The prognosis in tumors with

sacral infiltration is even worse, and difficulty obtaining

adequate resection margins and local control in iliosacral

lesions has been reported [4, 16, 17, 20]. In one series, the

surgical margins were grossly positive in six of 15 pelvic

tumors infiltrating the sacrum [20]. In another series of

limb salvage in patients with pelvic sarcomas, local

recurrence after surgical excision was 8% for acetabular,

17% for ischiopubic, and 27% for iliosacral tumors.

Moreover, O’Connor and Sim reported local recurrence

was 38% when iliosacral tumors extensively infiltrated the

sacrum or the spinal column [17]. Although improved local

control and disease-free survival after massive adequate
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resection of the sacrum and lower lumbar spine have been

reported [11], this is technically difficult when limb salvage

is attempted: surgery may leave an anesthetic, paralyzed,

and unstable limb with unacceptable function and uncertain

outcome regarding local control, distant metastases, and

patient survival [4, 10, 16]. The exaggerated sacral con-

cavity below S1 and the ventral soft tissue mass are

responsible for most technical difficulties. Despite ade-

quate anterior exposure, limited accessibility and

observation required for precise sacral osteotomy and

handling of the sacral plexus may increase the risk of

neural injury, dural tear, and tumor violation [4, 16, 17].

Unlike transverse sacrectomy [8, 18, 29], technical guide-

lines for sagittal hemisacrectomy are limited.

In 1945, Smith-Petersen et al. [25] described correction

of a fixed spinal flexion deformity by posterior element

wedge resection and controlled fracturing of the ossified

anterior longitudinal ligament through a posterior

approach. A transpedicle decancellation or pedicle sub-

traction osteotomy subsequently was used to correct larger,

dorsal and lumbar kyphotic deformities without anterior

exposure [5, 6, 28].

Using a similar surgical principle, we propose a tech-

nique for sacral osteotomy in iliosacral resections. We

presumed sacral laminectomy and decancellation with

selective root sacrifice and precise sacral osteotomy would

improve the sacral resection margin, maximize protection

of uninvolved roots, and permit preservation or recon-

struction of lumbosacral stability. A full-thickness sagittal

or oblique sacral osteotomy without anterior exposure may

be safely performed. This is followed by anterior intra-

pelvic dissection to remove the tumor.

Surgical Technique

In addition to routine staging, MRI allows precise mapping

of sacral infiltration (Fig. 1). Surgery is recommended if

adequate resection is prognostically important and feasible

with tolerable morbidity. Thorough evaluation determines

the feasibility of a generous sacral laminectomy without

tumor violation, which is crucial for exposure. The path of

the sacral osteotomy that provides adequate resection

margins with minimal functional and neural losses is

identified. Excision of a nerve root whose bony canal and/

or ventral foramen either were infiltrated or encircled is

planned. Any intrapelvic soft tissue component infiltrating

the lumbosacral trunk is identified. Sacroiliac and lumbo-

sacral stability are evaluated and reconstruction is planned

if possible.

In the prone position, a midline posterior incision and

sacral laminectomy allow exposure of sacral roots. The

ventral foramina are located directly anterior to the dorsal

foramina (Fig. 2). In principle, a sacral osteotomy begins

by dividing the posterior sacral cortex using the high-speed

burr (Fig. 3A). Curettes are used to remove the cancellous

bone along the osteotomy down to the anterior cortex

(Fig. 3B). Sacral depth substantially increases in the mid-

line in S1 particularly in the promontory. The anterior

sacral cortex then is divided using the burr or rongeurs

(Fig. 3C).

In iliosacral resection, a sagittal hemisacrectomy

requires three connected sacral osteotomies: a vertical, a

cranial oblique (or a transverse cut through the disc), and a

caudal oblique osteotomy. Division of involved roots

Fig. 1 A MR image shows an osteosarcoma of the sacrum with

extension into the left ilium (detected in lower cuts). The anterior soft

tissue mass involves the left lumbosacral trunk. The tumor expands

the left S1 foramen. Despite close proximity to the right S1 root canal,

it neither is infiltrated nor circumferentially surrounded and root

preservation was possible.

Fig. 2 A diagram illustrates a sacral laminectomy. A generous

laminectomy is performed to expose the central sacral canal and

sacral roots as they enter their bony confines. Tilting the table away

from the surgeon improves exposure.
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allows dural retraction and facilitates the vertical osteot-

omy (Fig. 4). This is followed by the cranial osteotomy. If

tumor extension spares the upper part of the lateral mass of

S1 and the base of the articular process, an oblique cranial

osteotomy is performed to preserve lumbosacral stability

(Fig. 5A). It begins at the upper end of the vertical

osteotomy and passes laterally between the articular pro-

cess and S1 foramen. However, if the tumor extends into

the body of S1, the vertical osteotomy should extend cra-

nially to the tip of the sacral promontory. Then, transverse

division of the L5–S1 disc and the facet joint is performed

(Fig. 5B). The superior end plate of S1 is divided vertically

to join the vertical osteotomy at the promontory (Fig. 6).

This osteotomy destabilizes the lumbosacral articulation

and may require instrumentation and fusion. Finally, the

osteotomy surrounds the tumor caudally. The vertical

osteotomy may extend into the coccyx or an oblique caudal

component is performed to exit the lateral sacral border

(Fig. 7).

Sacral roots enclosed in foramina lateral to the osteot-

omy are divided. Occasionally, tumor infiltration may

approach the lateral wall of a root canal without invasion or

encirclement of its bony confines. A gutter may be created

in the medial wall as far anteriorly as its ventral foramen to

extract the root. This gutter should be wide to avoid root

tethering when the specimen is rotated during resection

(Fig. 8). The osteotomy remains a narrow linear trough.

Full-thickness division down to the presacral fascia should

be confirmed by probing the entire length of the osteotomy.

Whenever possible, curettes and rongeurs rather than the

burr are used to preserve bone fragments for pathologic

evaluation.

If staged resection is planned, postoperative CT scan-

ning ensures completeness of all sacral cuts. Anterior

resection is performed in the semilateral position allowing

simultaneous access to the posterior wound. When the

specimen is mobilized, the sacral osteotomy can be iden-

tified anteriorly despite the intact presacral fascia, which

then is divided. As the specimen is rotated, preserved sacral

roots are released carefully from their bony gutters. Finally,

Fig. 3A–C The osteotomy technique is shown. (A) The posterior

cortex is divided using a high-speed burr. (B) Cancellous bone is

removed along the osteotomy with curettes to preserve bone

fragments. These should be labeled and sent for pathologic evaluation

of the sacral margins. (C) The anterior cortex is divided using a high-

speed burr down to the presacral fascia.

Fig. 4 A diagram illustrates the vertical osteotomy. The S1 root

canal is infiltrated. The root is ligated and divided, allowing safe dural

retraction, and the vertical component of the sacral osteotomy is

performed.
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involved roots are divided close to the sciatic nerve before

specimen removal to allow resection of an intervening

segment en bloc with the tumor (Fig. 9).

Patients and Materials

Between September 2000 and March 2006, we performed

the described technique in five patients with nonmetastatic

iliosacral tumors in which the risk of tumor violation or

nerve injury by sacral osteotomy was considered high

owing to extensive sacral infiltration (Table 1). There were

four pelvic lesions with sacral extension (two osteosarco-

mas, one chondrosarcoma, and one Ewing’s sarcoma) and

one osteosarcoma of the sacrum involving the ilium. Four

patients received preoperative and postoperative chemo-

therapy. The minimum followup was 2 months (median,

38 months; range, 2–98 months).

Overall operative time and blood loss were 10 to

21 hours and 2000 to 5500 mL, respectively. Lumbosacral

reconstruction was performed only in the sacral osteosar-

coma using the Galveston technique and nonvascularized

fibular grafts. One patient (Patient 3) had an intraoperative

gross osteosarcoma thrombus in the internal iliac vein. The

vein was resected en bloc with the tumor followed by

postoperative radiotherapy to maximize local control. In all

patients, surgical margins were negative.

Results

Five surgical complications occurred in three patients.

These included two patients who had posterior flap necrosis

develop. Wound healing was achieved after débridement

and secondary sutures in one and rectus abdominus myo-

cutaneous flap in the other; both patients had undergone

ligation of the internal iliac vessels. Wound infection

occurred in one patient with sacral osteosarcoma and

resolved after two operations for débridement and removal

of a synthetic mesh. In two patients, an ischiofemoral

arthrodesis failed and the hardware was removed. Limited

bone stock precluded further reconstructive attempts.

Proximal and medial migration of the femoral head was

allowed thus creating pseudarthroses against the sacrum.

This permitted temporary ambulation with a walker in one

patient who subsequently had hindquarter amputation for

local recurrence. In the other patient, scarring provided

Fig. 5A–B The diagrams illus-

trate a cranial osteotomy. (A) A

stability-preserving oblique cra-

nial osteotomy begins at the

upper end of the vertical osteot-

omy, passes between the S1

foramen and articular process,

and exits the lateral mass. (B)

Tumors extending more medially

and cranially into S1 require a

transverse cut through the L5–S1

disc and facet joint, causing lum-

bosacral instability.

Fig. 6 A diagram illustrates the end plate osteotomy. With a

destabilizing cranial osteotomy, the end plate of S1 is divided with

a high-speed burr starting at the transverse cut of the disc on the

posterior border of the end plate down to the vertical osteotomy at the

sacral promontory.
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sufficient stability for the pseudarthrosis allowing ambu-

lation without support at 98 months after tumor resection.

One patient died of chemotherapy-related toxicity

2 months postoperatively. One patient with gross invasion

of the internal iliac vein had local recurrence and lung

metastases at 20 months, required hindquarter amputation,

and died of disease 8 months later. The remaining three

patients were continuously disease free at 38, 50, and

98 months postoperatively (Table 2). Functional evalua-

tion of survivors showed all three patients were community

ambulatory. One patient required two crutches and a

lumbosacral orthosis for bracing of unreconstructed lum-

bosacral instability whereas two patients had relatively

stable gaits without walking supports. No iatrogenic nerve

injuries occurred. However, loss of neural function attrib-

utable to intentional sacrifice of the lumbosacral trunk

resulted in foot drop in one patient who used an ankle-foot

orthosis, whereas no substantial morbidity occurred owing

to planned division of S2, S3, and S4 nerve roots in another

patient.

Fig. 7A–C The diagrams illus-

trate the caudal osteotomy. The

oblique caudal osteotomy may

exit the lateral sacral border at

different levels: (A) between S1

and S2, (B) between S2 and S3,

and (C) between S3 and S4. The

osteotomy may pass through a

sacral root canal to preserve the

nerve root by creating a gutter in

its wall. Otherwise, nerve roots

above the osteotomy have to be

sacrificed.

Fig. 8A–D Postoperative CT (in

staged procedures) ensures com-

pleteness and appropriate location

of sacral cuts. Medial wall gutters

were created to extract all sacral

nerve roots. (A) The S1 gutter

was not wide and smooth, creat-

ing a spike that could tether S1 as

the specimen is rotated during

removal (arrow). Wide and

smooth gutters are seen for (B)

S2, (C) S3, and (D) S4 roots,

respectively, and confirm com-

pleteness of the sacral osteotomy.
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Discussion

Despite advances in the treatment of bone sarcomas, the

large size and delayed diagnosis of pelvic tumors worsen

their prognosis [24, 30]. Some authors could not correlate

surgical margins and survival [24], whereas others

considered resection margins an independent prognostic

factor for local control and survival [11, 13]. Generous

margins around neurovascular structures frequently are not

permissible in pelvic tumors owing to anatomic and func-

tional considerations when limb salvage is attempted.

Hindquarter amputation has been recommended when the

Fig. 9A–L The case of a 15-year-old boy with high-grade chondro-

sarcoma of the right hemipelvis (Patient 2) is illustrated. (A) An axial

MR image shows the tumor infiltrating the sacroiliac joint into the

sacrum, overhanging the upper sacrum ventrally and engulfing the

lumbosacral trunk. The cranial end of the trunk cannot be exposed

and divided extraspinally without tumor violation. More caudally,

tumor infiltration approached the lateral aspects of all sacral root

canals. (B) A coronal MR image shows close tumor proximity to the

L4 and L5 vertebrae. Axial CT scans show the proposed (C) lumbar

and (D) sacral osteotomies required to achieve negative resection

margins. The risk of neural injury or tumor contamination is high if

the osteotomy is attempted without laminectomy. (E) Sacral and (F)

lumbar laminectomies allowed intraspinal division of the L4 and L5

(white arrow) root contributions to the infiltrated lumbosacral trunk

and protection of all sacral roots (black arrows). This was followed by

full-thickness osteotomy of L5 and the sacrum through the sacral

foramina. Negative margins were achieved and all preserved roots

retained their function. (G) At the end of a second-stage Type IA/II/S

resection, the specimen is seen attached to the sciatic nerve by the

infiltrated lumbosacral trunk. Dividing the trunk’s caudal end (arrow)

is the last step to free the specimen. (H) The superior gluteal vessels

were preserved to maintain buttock flap vascularity. No wound-

related problems occurred. (I) The medial aspect of the specimen with

a precise osteotomy is shown: (1) resected L5–S1 disc, (2) superior

articular process of S1, (3) intraspinally divided L4, (4) L5; both

contributed to (5) the infiltrated lumbosacral trunk, (6) resected lateral

wall of the S1 canal, and (7) lateral wall of S2; both roots were

preserved. The arrows point to the osteotomy through L5, S1, S2, and

S3 from above downward exiting medial to the tumor mass to provide

negative resection margins. (J) The instrument points to the caudal

end of the lumbosacral trunk after being divided off the sciatic nerve.

(K) The instruments represent the direction of the S1 and S2 roots as

they would exit the respective root canals and join the lumbosacral

trunk (arrow). Both roots were preserved in continuity with the sciatic

nerve. (L) A postresection radiograph shows resection of the right

acetabulum, ilium, hemisacrum, and part of the fifth lumbar vertebra.
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sacrum is infiltrated [13]. Although amputation may reduce

surgical complications in proximal limb girdle lesions [15],

it does not necessarily provide wider resection margins

[2, 7, 24].

A pelvic sarcoma is a particularly difficult surgical

problem when the posterior ilium is involved [4, 16, 17,

20]. Unlike sarcomas of the extremities that rarely cross

nearby joints, posterior iliac tumors frequently infiltrate the

sacroiliac joint probably owing to relative joint immobility,

increased local vascularity, and the large size of most

pelvic lesions [1, 4, 9, 11, 19, 20]. Despite difficulties

caused by peritumoral edema, marrow signal changes, and

unevenness of sacroiliac joint plane, interpretation of MR

images in iliosacral lesions has a sensitivity of 100% and

specificity of 92% [20]. In one study, 15 of 51 lesions

abutting the sacroiliac joint infiltrated the sacrum [20].

Risk factors included large tumor volume, contact with the

posterior ligamentous part of the joint, and diagnoses of

chondrosarcoma and osteosarcoma rather than Ewing’s

sarcoma. Tumor extended medially to involve the sacral

foramina in almost ½ of iliosacral lesions in some studies

and nerve root resection did not improve sacral margins

and local control [4, 16, 17, 20].

Since early reports on pelvic resection and reconstruc-

tion [10, 26], surgical techniques and medical support have

improved considerably. Currently, more pelvic sarcomas

are being considered for limb-sparing surgery, including

lesions infiltrating the sacrum. Although numerous authors

have reported the oncologic outcomes of pelvic sarcomas

[3, 11–14, 16, 21–24, 27, 30], technical articles remained

scarce. My proposed technique uses the principles of

transpedicle decancellation in spinal deformity correction

to perform a precise sacral osteotomy in malignant tumors

spanning the sacroiliac joint. The decancellation technique

was most useful when sagittal hemisacrectomy was

required, particularly when some sacral roots were

involved. In addition, one iliosacral sarcoma overlying the

lower lumbar spine and one primarily sacral sarcoma with

iliac extension were resected using the proposed technique.

Through a generous laminectomy, sacral osteotomy was

performed while all tumor-free roots were protected and

remained functional. Tumors subsequently were resected

through a formal anterior exposure. In all but one patient,

tumor resection was performed a few days after a first-

stage osteotomy. The staged approach was not mandatory,

but the interval allowed patient recovery while pathologic

Fig. 9A–L continued
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confirmation of negative sacral margins was performed.

Positive margins may discourage the surgeon to proceed

with a morbid resection, especially in radiosensitive tumors

or when surgical morbidity outweighs the benefits of

inadequate resection.

Major limitations of the proposed technique were related

to the potential for substantial sacral bleeding. Hypotensive

anesthesia and free abdominal respiratory movements

reduced bleeding and improved observation. Optical

magnification and the use of high-speed burr with constant

suction-irrigation substantially facilitated the procedure. A

full-thickness sacral osteotomy was performed safely in all

patients without excessive blood loss, intrapelvic injuries,

or technique-related morbidities. Surgical complications

occurred in three of five patients and involved skeletal

reconstruction or wound healing. Failure of ischiofemoral

arthrodeses occurred in two patients and required hardware

removal. This was followed by proximal and medial

Fig. 9A–L continued
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migration of the femoral head to a stable pseudarthrosis

against the sacrum. One patient had infection that required

repeated débridements. Two patients had buttock flap

necrosis requiring débridement and wound closure in one

and myocutaneous flap in the other. Wound-related prob-

lems are the most frequent complications in pelvic

resections [4, 16]. In one series of limb salvage for

malignant pelvic tumors, 23% of patients had wound

infections or flap necrosis [16]. The division of the internal

iliac vessels to allow tumor control in the sciatic notch is

associated with an increased incidence of buttock flap

necrosis, especially when combined with sacral osteotomy

and gluteus maximus detachment [15]. Therefore, tumor

infiltration into the sacrum reportedly is associated with a

higher surgical complication rate. Wound-related problems

were observed in seven of 16 patients in one series of

iliosacral resections [4]. The operative time and blood loss

reached 12 hours and 17,000 mL, respectively, reflecting

the magnitude of surgery when the sacrum is involved [4].

Neural, vascular, and urologic injuries also have been

observed [10, 16, 17].

Limb salvage in pelvic sarcomas resulted in local

recurrence in 17% to 34% and distant metastasis in 30% to

37% [13, 16, 17]. Iliosacral resections have a higher

probability of disease relapse owing to an increased inci-

dence of intralesional margins in the sacrum [4, 16, 20]. In

the current series, negative margins were achieved in all

five patients. One patient died of chemotherapy-related

toxicity, one patient succumbed after local and distant

relapse, and three patients remained continuously disease

free 38, 50, and 98 months postoperatively.

The decancellation sacral osteotomy is considered a

technical tool to improve tumor resection margins and

preserve neural function rather than a new surgical proce-

dure. Therefore, indications and caveats are essentially

those of massive pelvic resections in which the critical

prognosis and the magnitude of surgery mandate careful

patient selection. However, I did not use the described

technique in patients with conditions in which decancel-

lation was not expected to improve the sacral margins.

These included patients with extensive infiltration of the

posterior sacral elements precluding adequate laminectomy

or when an epidural soft tissue component occupied the

central sacral canal. Despite complexity of the procedure

and potential morbidities, early experience is encouraging

for the decancellation osteotomy to obtain negative sacral

margins and safely expand the potential for functional limb

salvage in patients with selected iliosacral tumors. In

addition, its utility may include sacral tumors requiring

difficult sagittal and oblique sacrectomies and pelvic-sacral

tumors involving the lumbar spine. Variation in the extent

of tumor may require varying the location of the osteotomy

using the described guidelines.
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