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INtRoDuCtIoN

Tumors involving sacral nerve roots and/or bony 
structures at the lumbosacral junction are challeng-

ing to treat surgically due to potential neurological deficits 
and biomechanical instability following resection (16, 26). 
However, with the advent of new modern spinal instrumen-
tation, more biomechanically stable lumbosacropelvic con-
structs can be used. Additionally, with the recent advances 
in adjuvant chemotherapy and radiation therapy, patients 
with both primary and some metastatic tumors may be 
candidates for aggressive surgical intervention. Although 
metastatic tumors are uncommon in the sacrum or at the 
lumbosacral junction, there are instances when these com-
plex spinopelvic reconstruction techniques should be used, 
including treatment of local spread of rectal tumors. For 
instance, Colibaseanu et al. (5) performed a retrospective 
study which included 30 patients who had locally aggressive 
rectal cancer and underwent curative-intent sacropelvic re-
section. They demonstrated that with the median follow-up 
of 2.7 years, overall survival at 2 and 5 years was 86% and 
46% and disease-free survival at 2 and 5 years was 79% and 
43%, which was comparable to patients undergoing non-
sacropelvic resections. Additionally, there are other reports 

of treating metastatic lumbosacral tumors surgically, includ-
ing myofibroblastic sarcoma (11), neurofibrosarcoma (19), 
malignant fibrous histiocytoma (8), low-grade malignant 
peripheral nerve sheath tumor (13), ependymoma and me-
ningioma (6). The objective of this manuscript is to review 
the biomechanics and complications of different reconstruc-
tion techniques. Additionally, the functional and oncologi-
cal outcomes of these surgical procedures will be discussed. 

MetAStAtIC SPINAL tuMoRS IN tHe 
LuMBoSACRAL ReGIoN

The aggressive en bloc resection of tumors in the 
lumbosacral region, with procedures such as total sacrectomy 
or L5 spondylectomy, are typically indicated for patients with 
locally invasive primary sacral tumors, such as chordomas, 
sarcomas, chondrosarcomas, or giant cell tumors, and can be 
a potentially curative procedure. However, this strategy has 
been applied in limited cases to metastatic diseases, mainly 
due to recent advances in adjuvant treatment in surgical 
oncology. The indication still remains to be controversial 
but locally invasive colorectal cancer without any signs of 
distant metastases may be one indication, given its relatively 
better overall survival and direct attachment to the sacrum. 
Other locally invasive tumors originating from pelvic organs 

ABStRACt
The surgical treatment of tumors near the lumbosacral junction or involving the sacrum is challenging due 
to the potential for both neurological injury and biomechanical instability postoperatively.  The objective of 
this manuscript is to review the biomechanics and complications of different lumbosacropelvic reconstruction 
techniques.  Standard iliac bolt techniques are reviewed and compared with newer techniques such as S2-
alar-iliac screws and minimally invasive techniques.  Following resection of tumors in the lumbosacral region, 
spinopelvic reconstruction is technically feasible and can be accomplished in a biomechanically stable fashion.
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Due to the enhanced biomechanical strength, Kuklo et 
al. (14) demonstrated that in 81 patients with high-grade 
spondylolisthesis, bilateral iliac screws combined with 
bilateral S1 screws resulted in excellent distal fixation and a 
high fusion rate of 95.1%. Others reported improved fusion 
rates in comparison to conventional techniques such as the 
Galveston technique and intrasacral rods as well (7, 23). 
However, there are several drawbacks of this technique, 
which include the requirement of offset use to line up with 
lumbar and sacral pedicle screws, extensive dissection of 
paraspinal muscles and adjacent skin, potential wound 
dehiscence, implant prominence and pain due to its high 
profile nature, and potential limitations in iliac crest bone 
graft harvesting (22). 

S2-alar-iliac Screws

To overcome some of these limitations, the S2-alar-iliac 
screw technique (Figs. 1b and 2b) has been described and 
utilized in both the adult and pediatric populations (25). 
This technique is advantageous as implant prominence is 
minimized. Additionally, it allows for easier rod placement as 
the insertion site sits in line with the tulips of the lumbar and 
S1 pedicle screws without requiring offset use. For instance, 
Chang et al. (2) identified that the starting point, which was 
“approximately 25 mm caudal to the superior endplate of S1 
and 22 mm lateral to the midline,” was 15 mm deeper than 
the entry point of iliac screws. In this technique, the starting 
point is “approximately 1 mm inferior and 1 mm lateral 
to the S1 dorsal foramen” (22). A trajectory towards the 
greater trochanter was described, which is “directed lateral 
approximately 40 to 50° angulation relative to the horizontal 
line connecting the PSIS and 20 to 30° caudal from straight 
lateral.” A pilot hole can be created using either a pelvic drill 
or a probe. Using this technique, O’Brien et al. (22) placed 
screws with mean length 84 mm. 

Minimally invasive percutaneous approaches for S2-
alar-iliac screw placement have also been described (17, 21). 
A starting point is selected “1 mm inferior and 1 mm lateral 
to the S1 dorsal foramen using fluoroscopy,” with angulation 
slightly above the sciatic notch on anteroposterior 
fluoroscopy.  

This technique may also provide greater biomechanical 
strength than the iliac screw technique (27). A recently 
published retrospective article by Mazur et al. (18), which 
included 23 patients who received S2-alar-iliac screws and 
37 patients who received iliac screws, revealed that the use 

may also be candidates for surgical treatment. Additionally, 
treatment of metastatic tumors in the lumbar spine near 
the lumbosacral junction often requires pelvic fixation even 
with separation-surgery procedures, to allow for adequate 
stabilization of the lumbosacral junction, as these patients 
often have poor bone quality.

GeNeRAL SuRGICAL teCHNIQueS FoR 
SPINoPeLvIC INStRuMeNtAtIoN

There are several techniques for spinopelvic instrumen-
tation, which were originally described for spinal deformity 
or trauma surgery. These include sacral sublaminar wires 
and hooks, S1 tricortical screws, the Galveston rod tech-
nique, intrasacral rods, transiliac bars, iliac screws, and 
S2-alar-iliac screws. Any of the aforementioned sacropelvic 
instrumentation can be coupled with lumbar pedicle screws 
and rod constructs in order to support the entire spine col-
umn after resection of spinal tumors in the lumbosacral 
region. Of these, iliac screws and S2-alar-iliac screws are 
the techniques most frequently utilized for spinopelvic re-
construction due to better biomechanical strength and low 
complication rates.

Iliac Screws

Iliac screws (Figs. 1a and 2a) are almost always 
applicable unless a hemi- or partial pelvectomy is required, 
which is really only required for primary tumors. They are 
essentially a modified version of the Galveston technique 
and have three-times more biomechanical strength than 
the Galveston technique (24). To place an iliac screw, the 
posterior superior iliac spine (PSIS) must be exposed, and 
a rongeur is used to create a recess in the ilium to lessen 
the prominence of the screw head. The screw trajectory is 
then delineated using a probe, at an angle between 20-45 
degrees caudal and 30-45 degrees lateral. Careful probe 
advancement allows it to remain in the cancellous bone 
between the cortical tables of the ilium. Two iliac screws 
can be placed on each side when additional biomechanical 
strength is required. These screws can be placed freehand 
or under fluoroscopic guidance or navigation. If freehand 
placement is used, it is recommended that a preoperative 
CT scan be obtained to better delineate the bony anatomy. 
The optimal trajectory results in iliac screw placement ~1 
cm above the greater sciatic notch to allow for optimal 
screw purchase in the ilium. Additionally, it is important to 
confirm radiographically that the screw does not violate the 
hip joint. 
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of S2-alar-iliac screws was an independent predictor of 
fewer unplanned reoperations for instrumentation-related 
complications such as hardware prominence, loosening 
or breakage of instrumentation, or wound dehiscence 
compared to iliac screws (8.7% and 35.1 %, respectively). 
Similarly, Ilyas et al. (12) retrospectively compared both 
techniques and reported significant differences including 
13% absolute risk reduction (ARR) in acute infections, 
18.1% ARR in implant loosening, 14.5% ARR in revision 
surgery, 18.7% ARR in late pain, and a 10.8% ARR in delayed 
wound issues, by using S2-alar-iliac screws. As long as the 
S2-alar segment is intact, this technique is recommended 

Figure 1: (a) Schematic demonstrating iliac screw placement with a recess created at the PSIS, with requirement for offset in order to attach to the rod. (b) 
Schematic demonstrating S2-alar-iliac screw placement allowing for attachment to the rod without offset use.

Figure 2: (a) Postoperative computed tomography scan demonstrating successful placement of iliac bolt. (b) Postoperative computed tomography scan 
demonstrating successful placement of S2-alar-iliac screws.

since it has a relatively low complication rate and provides 
more rigid reconstruction than other available techniques. 
Furthermore, in tumor cases where the S2-alar structures 
and the ilia are completely intact after the tumor resection, 
for instance, a case with an aneurysmal bone cyst of the L5 
vertebra, S2-alar-iliac screw techniques are feasible.

SPINoPeLvIC ReCoNStRuCtIoN 
FoLLowING totAL SACReCtoMy

Although this type of reconstruction is not really needed 
for the treatment of metastatic tumors, a discussion of these 
techniques is included for completeness. Generally, there are 

A B

A B
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three components in spinopelvic reconstruction; spinopelvic 
fixation, posterior pelvic ring fixation, and anterior spinal 
column support. 

There are several biomechanical studies on spinopelvic 
fixation techniques. Yu et al. (28) evaluated the effects of 
the extent of sacrectomy on the stability of the lumbopelvic 
fixation construct using single and dual iliac screw 
techniques. They concluded that the single iliac screw 
technique for L3-iliac fixation could effectively restore 
the local stability for sacrectomy below the cut-line which 
passed through the superior border of the S1 foramen at 
the level of 1 cm below the sacral promontory. However, for 
instabilities caused by one-sided sacroiliac joint resection 
or total sacrectomy, the dual iliac screw technique should 
be considered. A human cadaveric study by Mindea et al. 
(20) examined the biomechanical strength of (1) double-
rod, double iliac screw (DDS) constructs (Figure 3a), (2) 
single-rod, single iliac screw (SSS) constructs (Figure 3b), 
(3) double iliac screw (DIS) constructs (Figure 3c), and 
(4) modified Galveston technique (MGT) constructs in 
the setting of total sacrectomy (Figure 3d). Among them, 
DDS constructs demonstrated the highest strength in terms 
of flexion-extension, lateral bending, and axial rotation. 
In terms of selecting iliac screw length, according to a 
biomechanical study by Zheng et al (29), short iliac screws 
(7mm in diameter and 70mm in length) are susceptible to 
loosening after cyclic loading. Bone cement augmentation 
of short screws has demonstrated a significant increase in 
the fixation strength of short screws to an extent similar to 
that of long iliac screws (7mm in diameter and 120mm in 
length). Thus, given the potential complications of long-
screw breach, short iliac screw fixation with augmentation 
with bone cement may be a viable clinical option for 
lumbopelvic reconstruction, although much larger screw 
diameters are now available and more commonly used. 

There are essentially three techniques for posterior pelvic 
ring reconstruction, which include allografts (femur or tibia) 
with screw fixation to bilateral ilia, transiliac bars, and cages. 
Gokaslan et al. (9) reported two cases of the resection of 
malignant tumors, using the Galveston L-rod reconstruction 
technique combined with a transiliac bar and tibial allograft 
between two ilia (Figure 3e). At the 1-year follow-up, one 
patient could walk independently, and the other ambulated 
independently using a cane. This combination technique 
is preferentially used given the potential benefit of fusion 
between the native ilia and the allograft in place of the 
sacrum. 

Recently, the importance of anterior spinal column support 
in lumbopelvic reconstruction after total sacrectomy has 
been discussed extensively. A cadaveric biomechanical study 
by Cheng et al. (3) investigated the following 4 constructs: 
sacral rod reconstruction (Figure 3f); bilateral fibular flap 
reconstruction (Figure 3g); four-rod reconstruction (Figure 
3h), and improved compound reconstruction. (Figure 3i) 
Among these, improved compound reconstruction, which 
utilized the sacral rod and the fibular triangular construct in 
the anterior approach, produced optimal structural stability 
after total sacrectomy. Similarly, Clark et al. (4) examined 
the biomechanical strength of three constructs, which 
included femoral strut allograft reconstruction, where a 
femoral allograft was placed between ilia and secured with 
bone screws (Figure 3j), L5–iliac cage strut reconstruction, 
where two titanium cages were placed obliquely, each 
wedged between the inferior L5 endplate and the iliac bone 
(Figure 3k), and S1 body replacement with expandable 
cage reconstruction, in which a rod was placed from the 
inferior L5 endplate and fixed to a transiliac bar and a 22 
mm expandable cage was placed between the L5 endplate 
and the transiliac bar (Figure 3l). They concluded that S1 
body replacement with expandable cage reconstruction 
provided the most biomechanically stable structure among 
them. Furthermore, minimally invasive techniques for 
anterior support have also been discussed by Le et al. (15), 
who tested the biomechanics of supplemental percutaneous 
lumbo-sacral-iliac screw fixation (Figure 3m) in human 
cadavers. They used an insertion point approximately 2 cm 
superior to the superior point of the greater sciatic notch and 
2 cm anterior to the posterior superior iliac spine, ending at 
the inferior endplate of L5. Although they were not able to 
show statistically significant differences between constructs 
with or without lumbo-sacral-iliac screws, given their less 
invasiveness and theoretical advantages for biomechanical 
strength, further studies related to this novel technique are 
warranted. 

CoMPLICAtIoNS

Due to the complex anatomy of the lumbosacropelvic 
region and local invasiveness and vascularity of metastatic 
tumors, there is a wide variety of complications using these 
reconstructive techniques. These include visceral injury, 
neurovascular injury, screw breach, excessive blood loss, 
wound infection, formation of hematoma and seroma in 
the surgical defect, and postoperative ileus. Additionally, 
while both iliac screws and S2-alar-iliac screws cross the 
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SI articulation, S2-alar iliac screws often result in articular 
cartilage damage (22), but do not actually fuse the joint, 
so some patients may develop SI joint osteoarthritis and 
pain. If these patients fail conservative treatment, removal 
of the pelvic screws can be considered if the L5-S1 segment 
is adequately fused. Additionally, since these pelvic screws 
do not intend to fuse the SI joint, lucency around the 
pelvic screws or evidence of screw loosening if often noted 
on follow-up radiographs, but this is of unclear clinical 
significance and requires further study for better elucidation 
of the impact of this complication.

RADIoGRAPHICAL outCoMeS

Gottfried et al. (10) measured the pre- and postoperative 
modified pelvic incidence (mPI) of 22 patients who 
underwent sacrectomy and revealed that the mean change 
in mPI was statistically different (p < 0.001) for patients 
undergoing subtotal versus those undergoing total 
sacrectomy (1.6° ± 0.9° vs. 13.6° ± 4.9° (± SD)). Changes in 
PI influence spinopelvic balance and may have postoperative 
clinical importance. Thus, they concluded that attention to 
spinopelvic alignment during lumbopelvic reconstruction 
and fixation after tumor resection is necessary and long-
term studies are warranted to evaluate the impact of the 
change in PI on sagittal balance, pain, and ambulation after 
total sacrectomy. 

None of the current literature has focused on 
pseudarthrosis in the setting of lumbopelvic reconstruction. 
Hence, it was impossible to assess the non-union rate 
related to this procedure. Future retrospective studies might 
be warranted with special attention to bone allografts as a 
part of the reconstruction. Likewise, there is limited data on 
the mechanical failure rate, but according to a systematic 
review by Bederman et al. (1), 5 out of 31 patients with total 
sacrectomy had mechanical failure, including rod breakage 
or screw pull-out. Although there was no statistically 
significant difference, patients without anterior column 
support tended to have high mechanical failure rates 
(17.4% vs. 12.5%). Again, this is suggestive of the potential 
benefit of adding anterior column support to spinopelvic 
reconstruction after total sacrectomy, but since extensive 
instrumentation both anteriorly and posteriorly requires 
more operative time and more sophisticated techniques, the 
potential complications must be thoroughly discussed with 
the patients.

CoNCLuSIoNS

The resection of tumors in the lumbosacral region and 
subsequent spinopelvic reconstruction are both technically 
feasible and can be accomplished in a biomechanically stable 
fashion. Pelvic fixation is often required for reconstruction 
of the lumbo-sacro-pelvic region following sacrectomy, and 

Figure 3: Complex lumbo-sacro-pelvic reconstruction techniques. (a) Double-rod, double iliac screw (DDS) construct, (b) single-rod, single iliac screw 
(SSS) construct, (c) double iliac screw (DIS) construct, and (d) modified Galveston technique construct in the setting of total sacrectomy [20]. (e) Galveston 
L-rod reconstruction technique combined with a transiliac bar and tibial allograft between two ilia. (f) Sacral rod reconstruction, (g) bilateral fibular flap 
reconstruction (h) four-rod reconstruction, and (i) improved compound reconstruction, proposed by Cheng et al. [3]. (j) femoral strut allograft reconstruction, 
(k) L5–iliac cage strut reconstruction, and (l) S1 body replacement with expandable cage reconstruction proposed by Clark et al. [4]. (m) supplemental 
percutaneous lumbo-sacral-iliac screw fixation proposed by Le et al. [15].
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should be considered in the treatment of metastatic disease 
following resection of tumors near the lumbosacral junction 
for added biomechanical support, particularly in patients 
with poor bone quality. The use of S2-alar-iliac screws offers 
several advantages over iliac screws, and can be placed as 
long as the S2-alar segment is intact following oncologic 
resection. Finally, minimally invasive techniques can be 
utilized for pelvic screw placement as well.
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