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In this retrospective study, surgical results of four patients with sacral tumors having disparate pathologic diagnoses, who were 
treated with partial or total sacrectomy and lumbopelvic stabilization were abstracted. Two patients were treated with partial sacral 
resection and two patients were treated with total sacrectomy and spinopelvic fixation. Fixation methods included spinopelvic fixation 
with rods and screws in two cases, reconstruction plate in one case, and fresh frozen allografts in two cases. Fibular allografts used 
for reconstruction accelerated bony union and enhanced the stability in two cases. Addition of polymethyl methacrylate in the cavity 
in the case of a giant cell tumor had a positive stabilizing effect on fixation. As a result, we can conclude that mechanical instability 
after sacral resection can be stabilized securely with lumbopelvic fixation and polymethyl methacrylate application or addition of fresh 
frozen allografts between the rods can augment the stability of the reconstruction. 
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Introduction

Primary sacral tumors are rare, accounting for 7% of all 
spinal tumors [1]. They can arise from a neoplastic nidus 
in bone, cartilage, or soft tissue (neural tissue, meningeal 
tissue, or embryonic rests) [2]. Most sacral tumors are 
benign aggressive lesions such as aneurysmal bone cyst, 
osteoblastoma, and giant cell tumor, or low-grade malig-
nancies such as chordoma or chondrosarcoma [3].

Sacral tumors are usually diagnosed late and often pres-
ent as large, advanced neoplastic masses because of mild 

initial symptoms [4]. The local recurrence rate of sacral 
tumors is relatively high due to complex anatomy and 
advanced disease. Intraregional curettage, together with 
cryo or thermo cauterization may provide a complete cure 
for benign lesions. In contrast, wide resection is necessary 
for cure or long-term disease-free control in radio- and 
chemo-resistant malignancies [5].

Large sacral neoplasms require technically difficult and 
time-consuming operations. Fatal blood loss during the 
operation and wound complications make sacral tumor 
resection challenging [6]. Tumor resection with wide 
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margins can result in lumbopelvic instability and loss of 
neurologic functions while performing total or subtotal 
sacrectomy. Partial sacrectomy operations are usually well 
tolerated without requiring stabilization, but in patients 
with extensive expansion of the tumor requiring total 
sacrectomy, the vertical and rotational instability necessi-
tates stabilization between the lumbar spine and the pelvis 
to allow for mobilization and improved function [7]. The 
clinical results are affected by the extent of sacral resec-
tion and the complexity of the amputation, mechanical 
and neurological consequences, the oncological margins, 
and the possible occurrence of local and systemic compli-
cations [8,9].

Case Reports

Four cases of sacral tumor underwent sacral resection and 
follow-up spinopelvic reconstruction procedure was per-
formed respectively. One male patient and three female 
patients with a mean age of 35 years (range, 27–45 years) 
were included in the study. Patients had pain for a median 
time period of 11 months (range, 3 months–2 years). 
The mean follow-up time was 43.7 months (range, 19–72 
months) and none of the patients died during this period 
or had metastases to the lungs. Pain was most frequently 
noted in the lower back and it commonly radiated into 
the thighs. Additional symptoms included bowel or blad-
der incontinence, muscle weakness, perineal hypoesthe-
sia, and erectile dysfunction. Radiographs, computerized 
tomography (CT) scans, and magnetic resonance imaging 
(MRI) were performed in all patients. The histopathologic 
diagnosis was confirmed with CT-guided needle biopsy 
and it was diagnostic in only three patients, with one pa-

tient (subependymoma) requiring open incisional biopsy 
because of inadequate specimen with CT-guided biopsy. 

Total sacrectomy was performed in two patients with 
total removal of the tumor and surrounding soft tissue in 
the patients with subependymoma and malignant giant 
cell tumor as the lesion was recurrent and large. Partial 
sacrectomy with a one stage procedure via a posterior ap-
proach was preferred in the other two patients. In patients 
with chordoma and subependymoma, reconstruction was 
implemented with polyaxial screws, rods, and fresh fro-
zen fibular allografts. No allograft-related complication, 
recurrence, or hardware failure was recorded during the 
clinical follow-up. 

1. Case 1

A 45-year-old female patient was referred from another 
center where she underwent curettage and bone graft-
ing for the diagnosis of giant cell tumor at the S1–3 level. 
Patient was admitted to our clinic with local recurrence 
that developed 6 months after the operation and ad-
ditional operation was planned in our clinic. Additional 
CT-guided needle biopsy revealed a low-grade malignant 
giant cell tumor at the S1–3 level. Coronal post-contrast 
T2 and sagittal T2 MRI images showed heterogeneous 
intermediate-to-high signal densities within the lesion 
and low signals at the periphery, indicating recurrence of 
the tumor localized at the S1–3 level (Fig. 1A, B). Preop-
erative arterial embolization was performed in order to 
decrease intraoperative bleeding. Total sacrectomy was 
performed via the anterior-posterior combined approach 
along with exploration and preservation of major vessels; 
a temporary colostomy was also performed in order to 

Fig. 1. (A, B) Coronal post contrast T2 and sagittal T2 magnetic resonance images of malignant giant cell tumor located at the S1–3 level. (C) 
Anteroposterior X-ray at the 5-year follow-up. The defect is filled with polymethyl methacrylate after total sacrectomy and spinoiliac stabi-
lization is achieved with 2 rods in order to provide stable fixation. (D) Lateral X-ray showing reconstruction and polymethyl methacrylate. 
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avoid rectal injury followed by replenishment of the defect 
formed below the L5 level (sacral space) with polymethyl 
methacrylate (PMMA) as seen on an anteroposterior (AP) 
X-ray (Fig. 1C, D). Total sacrectomy was preferred as the 
case showed malignant degeneration and extensive soft 
tissue involvement with a possible risk of lumbopelvic in-
stability after resection at the S1–3 level. S1 nerve root was 
preserved but S2–3 nerve roots were sacrificed as they 
were within the resection field resulting in anal sphincter 
dysfunction after closure of the colostomy. Superficial 
wound infection was also observed after 1 week of opera-
tion. After serial surgical debridement and intravenous 
antibiotic therapy, infection was controlled. At the 5-year 
follow-up, the patient has no evidence of disease except 
for residual sphincter dysfunction.

2. Case 2 

A 38-year-old male patient presented with pain and motor 
weakness in the right extremity since 8 months. The di-
agnosis of chordoma localized at the S2–3 level was con-
firmed with radiologic and histopathologic examinations. 
Coronal T2 and sagittal post-contrast T2 MRI showed a 
destructive heterogeneous high signal on T2-weighted 
images located at the neighboring left sacroiliac joint (Fig. 
2A, B). A CT guided needle biopsy was compatible with 
chordoma at the S2–3 level. The patient underwent partial 
sacrectomy using a single stage posterior approach com-
bined with lumbopelvic fixation which was augmented 
with fresh frozen fibular allografts in order to improve 
the stabilization with new bone formation. One lumbo-
pelvic rod was attached with transpedicular screws. İntra 

operatively, S2–3 nerve roots were sacrificed as the sacral 
canal was infiltrated. The surgical margins were clear on 
histopathologic examination. An AP radiograph obtained 
after 6 years of follow-up after surgery revealed that there 
was no recurrence and the reconstruction with fibular al-
lografts and spinoiliac stabilization with 2 rods was stable. 
Consolidation of the grafts was observed radiologically 
(Fig. 2C, D). The patient is ambulatory with permanent 
anal sphincter dysfunction and had no evidence of recur-
rent disease in the sixth year of follow-up.

3. Case 3

A 27-year-old female patient with a diagnosis of 
schwannoma localized at the S2–3 level was referred to 
our clinic after initial surgical resection in another hos-
pital. She underwent marginal resection of the sacral 
schwannoma via a posterior approach but had recurrence 
after 6 months. MRI showed heterogeneous signal inten-
sity with bony destruction on coronal post contrast T2 
and sagittal T2 images with soft tissue extension indicat-
ing a malignant pathology (Fig. 3A, B). The CT guided 
needle biopsy revealed a malignant schwannoma necessi-
tating a more radical operation. As the lesion was located 
below the S1 level, partial sacrectomy below the S1 level 
and spinoiliac stabilization with 2 rods and 2 transverse 
connections in order to achieve stable fixation were per-
formed. The patient had complete relief of pain after sur-
gery but urinary sphincter dysfunction was observed due 
to intraoperative injury to the S2–3 nerve root. AP and 
lateral radiographs obtained in the second year of follow-
up showed stable reconstruction with 2 rods and 2 trans-

Fig. 2. (A, B) Sagittal T2 and coronal post-contrast T2 magnetic resonance images of chordoma located at the S2–3 level extending 
through the sacroiliac joint. (C) Anteroposterior X-ray at the 6-year follow-up. The defect is reconstructed with fibular allografts and spi-
noiliac stabilization after partial sacrectomy with 2 rods in order to achieve stable fixation, and consolidation of grafts is observed. (D) The 
lateral X-ray at the 6-year follow-up showing stable fixation and bone consolidation.
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verse connections (Fig. 3C, D). She had no recurrence 
after the operation and was ambulatory with no evidence 
of disease.

4. Case 4

A 30-year-old female patient was admitted to our depart-
ment with lower back pain and partial motor deficit in the 
lower extremities. X-rays showed an irregular lytic mass at 
S1–2 levels extending through the fourth lumbar vertebra. 
Coronal post contrast T2 and sagittal T2 MRI sequences 
revealed a heterogeneous hyperintense lesion with in-
creased enhancement within the central canal from S1, 
destroying S1–2 and extending upward within the spinal 
canal to the L4 vertebra (Fig. 4A, B). The diagnosis of 
subependymoma was confirmed with open incisional 
biopsy as needle biopsy was not diagnostic. The patient 
was treated with total sacrectomy via a combined anterior 
and posterior approach because of the involvement of the 
whole sacral bone through the sacroiliac joint and ligation 
of the internal iliac vessels through the anterior abdomi-
nal wall was the initial step in the surgery as the lesion 
was huge and destructive. The lesion extended into the 

spinal canal up to the level of L4 vertebra, and excision of 
the neural tumor was extended through the L3–5 level. 
S2–3 nerve roots were damaged partially as they were 
involved by the tumor tissue resulting in anal and urinary 
incontinence. Also, as the S1 nerve root was invaded by 
the tumor tissue, nerve root dissection was performed. 
Spinoiliac stabilization from the L3–L5 vertebra to the 
pelvis was performed with 4 rods, transpedicular screws, 
and 1 transverse connecting rod a in order to achieve 
stable fixation, and the sacral defect was reconstructed 
with 2 fresh frozen fibular allografts as demonstrated in 
lateral and AP X-rays taken in the eleventh month post-
operatively, showing a slight bony union (Fig. 4C, D). 
The transversely positioned fibular allografts secured the 
reconstruction mechanically (Fig. 4E).

The patient was irradiated locally in order to avoid a 
possible recurrence. In the postoperative period, urinary 
and bowel incontinence resolved partially with medi-
cal and physical treatment. Also, deep wound infection 
was noted at the operation site, and it was treated with 
serial debridement and skin reconstruction. She had no 
evidence of recurrent disease and is ambulatory with the 
help of a walker during the 19 months after the opera-

Fig. 3. (A, B) Sagittal post contrast T2 and coronal T2 magnetic reso-
nance images of schwannoma located at the S2–3 level showing soft 
tissue extension. (C) Lateral and (D) anteroposterior X-rays at the 
2-year follow-up after partial sacrectomy and spinoiliac stabilization 
with 2 rods and two transverse connections in order to achieve stable 
fixation.

A B

C D Fig. 4. (A, B) Coronal post contrast T2 and sagittal T2 magnetic reso-
nance images of sub-ependymoma located at the S1–2 level showing 
soft tissue extension through the L4 vertebra. (C) Lateral and (D) 
anteroposterior X-rays at the 19-month follow-up. Spinoiliac stabiliza-
tion was achieved with 4 rods and one transverse connecting rod and 
the defect was reconstructed with fresh frozen fibular allografts. (E) 
Intraoperative image of spinopelvic reconstruction with rods, screws, 
and fresh frozen fibular allografts.
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tion because of residual motor deficit with slight low back 
pain.

Discussion

Despite the obvious advantages for disease-free survival, 
en bloc resection and spinopelvic reconstruction for sacral 
tumors pose a unique challenge for the surgeon due to the 
complex anatomical and biomechanical properties of the 
spinopelvic junction [4]. In cases two and three, asym-
metrical lumbopelvic fixation was performed because 
of semi-destruction of the sacroiliac joint which might 
result in loss of strength of the construct, but clinically no 
mechanical deficiency due to this fixation was observed. 
Also, the lesions were located below the S1 level in these 
cases, and lumbopelvic stabilization was preferred after 
partial sacrectomy as lesions were extensile and showed 
close proximity to the S1 level in order to achieve a 
tumor-free wide margin. Also, the need for early ambula-
tion and achieving a stable reconstruction necessitated 
this reconstruction. 

Patients treated without reconstruction following a 
subtotal sacrectomy below the S1 level may show favor-
able results as major complications are infrequent follow-
ing this procedure [3,10,11]. It is hypothesized that the 
muscles and scar tissue between the pelvis and spine form 
a biologic sling, eventually stabilizing the spine and often 
allowing ambulation [12,13]. Anyway, it is estimated that 
a stable reconstruction augmented either with PMMA or 
fibular allografts after spinopelvic fixation provided earlier 
ambulation and rehabilitation in the patients.

Neurologic deficits after sacral resection in cases one, 
two, and three were thought to be due to sacral nerve root 
damage during sacral resection. Case four had pre-surgi-
cal neurologic deficit in the initial referral to the hospital.

In a systematic review, Bederman et al. [4] stated that 
the overall instrumentation failure rate was 5 out of 31 
patients (16.1%) but, no instrument-related complications 
were reported in the four patients of this study. Blood loss 
is a significant consideration for these operations, with 
a mean blood loss of 9,276 mL reported in a series of 24 
patients. In patients one and four, internal iliac vessels 
were ligated before the surgical intervention in order to 
decrease blood loss. With respect to this procedure, the 
mean blood loss in our cases was lower than expected 
(approximately 4,637 mL). Also, preoperative arterial 
embolization with gelfoam was carried out before the day 

of surgery in the case with giant cell tumor because of 
the extensile lesion and high risk for hemorrhage. In our 
opinion, ligation of the internal iliac vessels will be a good 
option for resection of aggressive benign and malignant 
sacral tumors with a large soft tissue component.

Surgical complications, such as superficial or deep 
wound infections or neurological deficits, cause signifi-
cant morbidity after these complex operations. The patient 
with subependymoma experienced deep infection after 
surgery requiring additional operations for skin debride-
ment. This condition delayed the patients’ ambulation 
by nearly 3 months. Superficial wound infection was re-
corded in the case with giant cell tumor, and it was treated 
successfully with debridement and parenteral antibiotics. 

The techniques of sacrectomy were popularized by 
Gunterberg et al. [14], and they suggested that resections 
between S–1 and S–2 caused loss of stability in approxi-
mately 50% and they also proposed that weight bearing 
was safe for patients after sacral resection, as long as 50% 
or more of the sacroiliac joint (corresponding to at least 
the upper half of the S–1 segment) remained intact Cases 
one and four had extensive lesions beginning from the S1 
level extending to the sacroiliac joint; therefore, sacroiliac 
fixation after partial sacral resection was performed in 
order to provide full weight bearing in the patients during 
the early postoperative period. As the conventional S2–3 
resection does not disrupt the sacroiliac articulations and 
lumbopelvic stability is preserved, lumbopelvic fixation 
may not be required but lesions at the S1 level invading 
the sacroiliac joints constitute an absolute indication for 
total sacral resection followed by lumbopelvic stabiliza-
tion in order to prevent pelvic rotation during weight 
bearing as in the cases with giant cell tumor and subep-
endymoma. Lumbopelvic stabilization was preferred in 
cases two and three after partial sacrectomy because of 
the close proximity of the huge lesions to the S1 vertebra 
and provided painless and early weight bearing in the pa-
tients. 

Total sacrectomy is a complex surgical procedure that 
results in complete dissociation of the spine and pelvis 
and requires specialized surgical stabilization techniques 
to preserve mechanical support and allow satisfactory 
walking ability [15]. The postoperative local recurrence 
rate after sacral tumor resection is directly related to the 
scope and degree of the resection. Factors such as age and 
sex had no statistically significant impact on the recur-
rence [16]. In a retrospective analysis of 93 cases, Zhang et 
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al. [17] showed that 11 of the 37 patients had a wide mar-
gin, 11 of whom experienced a recurrence (29.7%) and 
they did not report a lower recurrence rate after radical 
resection. No local recurrence has yet been noted in our 
series during a mean follow-up period of 43.7 months. 

The risk of infection increases substantially in patients 
who have previously undergone lumbosacral surgery and 
in procedures with a long operation time. We reported 
deep and superficial wound infections sequentially in 
cases one and four which showed long operation times 
and correspondingly more bleeding. In a series in which 
94% of the patients were operated on via a posterior ap-
proach with no reoperations, the infection rate was 39% 

[18]. Kaiser et al. [19] reported that local recurrence rates 
correlated significantly with preservation of the tumor 
margins at the initial surgery and local recurrence rate for 
patients who had undergone en bloc sacral resection of 
chordomas without contamination of the surgical wound 
was as high as 28%. No local recurrence was recorded 
among these four different primary sacral tumors as we 
think that surgical margins were clearly preserved after 
sacral resection.

In conclusions, sacral tumors treated surgically with 
total or partial sacrectomy and lumbopelvic stabilization 
show good functional outcomes and low complication 
rates. Sacral nerve preservation during sacrectomy, if 
possible, is an important point for maintaining the neuro-
logic outcome in the patients. Preoperative embolization 
or intraoperative ligation of internal iliac vessels signifi-
cantly decreased the blood loss compared with values 
reported in the literature. Fresh frozen fibular allografts 
and PMMA can be good alternatives for augmenting the 
strength of the lumbopelvic reconstruction. 
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