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Abstract Pelvic fixation is most frequently indicated in the
pediatric population for the treatment of neuromuscular scoli-
osis with significant pelvic obliquity. Neuromuscular scoliosis
surgery is associated with a high risk of complications, and
this is further increased by extension of fusion to the sacrum.
Numerous techniques have been described for pelvic fixation
associated with a long spine fusion each with its own set of
specific benefits and risks. This article reviews the contempo-
rary surgical techniques of pelvic fixation used to extend a
spine fusion to the sacrum and pelvis focusing on the man-
agement of neuromuscular scoliosis, including their biome-
chanical rationale, results, and complications.
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Introduction

Neuromuscular scoliosis surgical treatment is the most com-
mon indication in the pediatric population for extension of a
long spine fusion to the pelvis to address the commonly
associated pelvic obliquity [1]. Pelvic fixation is occasionally
needed at the pediatric age for the treatment of high-grade
spondylolisthesis, congenital lumbosacral scoliosis, and as
part of a growing rod construct for managing early-onset
scoliosis [2–7]. A progressive pelvic obliquity with an unbal-
anced spine deformity adversely affects sitting balance, pres-
sure, and quality of life [8–12].

Pelvic obliquity is defined in the Scoliosis Research Soci-
ety revised glossary of terms as an angulation of the pelvis
from the horizontal in the frontal plane. According to Dubous-
set, it is best defined as “any fixed malalignment existing
between the spinal and pelvic structures either in the frontal,
sagittal or horizontal planes” [13]. Pelvic obliquity can origi-
nate from leg length inequality, contractures about the hip,
spinal deformity, or as a combination of these causes [14]. A
frequently associated transverse plane pelvic asymmetry fur-
ther complicates the three-dimensional understanding and
surgical treatment of this deformity [15•].

Neuromuscular scoliosis carries a higher morbidity com-
pared to idiopathic and congenital scoliosis [16–22, 23•, 24].
Extending the fusion to the sacrum in these frail patients
further increases the technical difficulty of the procedure,
operative time, blood loss, and risk of infection [25]. The
surgeon should be familiar with various techniques of pelvic
fixation for pediatric deformity correction including their
advantages and potential complications.

Pelvic obliquity measurement

Anteroposterior radiographs of the spine including the pel-
vis should be used preferably in the sitting position for
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nonambulatory patients [26]. Three methods of radiographic
measurement of pelvic obliquity are commonly used
(Fig. 1). Osebold et al. described horizontal pelvic obliquity
as the angle subtended by a line drawn between the most
proximal points on the iliac crest and a line drawn parallel to
the lower end of the roentgenogram [27]. Allen and Fergu-
son used a lumbosacral measurement represented by the
angle subtended by a line drawn through the spinous pro-
cess of L4 and L5 and a perpendicular though the iliac crest
line [28]. Other authors estimate pelvic obliquity by mea-
suring the angle between a line drawn perpendicular from
the middle of T1 to S1 and the iliac crest line [29]. Because
of the uncertainty of a horizontal standard line, the lumbo-
sacral measurement and the spinopelvic angle should be
theoretically less influenced by patient positioning than the
horizontal pelvic obliquity measurement. However, a radio-
graphic study has demonstrated that among these three
measurements, the one with the least interobserver and intra-
observer variability was the horizontal pelvic obliquity [26].

Indication for pelvic fixation

The most frequent reason to fuse the spine to the pelvis in
the pediatric population is scoliosis and associated fixed
significant pelvic obliquity in a nonambulatory neuromus-
cular patient [1]. The main goal of surgical treatment is to
provide a solid and aligned spinopelvic unit in both planes
to provide firm sitting balance [30]. This outcome is usually
achieved with a long fusion from the upper thoracic spine to
the sacrum/pelvis [1] although the need to extend the fusion

to the pelvis in certain cases can be debated. While fusion
down to the pelvis is generally recommended, a pelvic
obliquity of <15° can be left uninstrumented [31–35, 36•].

Traditionally, extending spinal fusion to the pelvis was
not recommended in ambulatory neuromuscular patient with
scoliotic deformity and associated pelvic obliquity [37, 38]
because of the suspected risk of losing walking capacity
postoperatively. This widespread myth is not supported by
recent literature. While a decrease of functional status is
expected during the first six months after surgery [39], no
alteration of ambulatory function at midterm is expected for
patients with spastic cerebral palsy after long spine fusion
including the pelvis [40]. The confounding factor of the
natural history of ambulatory deterioration in progressive
neuromuscular conditions such as Duchenne Muscular Dys-
trophy and Spinal Muscular Atrophy is often incorrectly
associated with loss of ambulation of scoliosis treatment.
On the contrary, spine fusion extending to the pelvis in
patients with myelomeningocele is associated with per-
manent loss of ambulation capacity in 27 to 75 % of
patients, especially in exercise walkers [41–43]. Ambula-
tion in patients with high-level myelomeningocele likely
relies on a mobile lumbosacral junction to thrust the
lower limbs forward [43], and therefore, fusion to the
pelvis can decrease ambulatory ability in these patients. It
is imperative that such patients understand this possible
ambulation change in the context of the natural history of
ambulatory status; many patients with a high-level lesion
also lose their walking ability during their teenage years,
an occurrence likely attributable to increasing body
weight with growth or obesity [44].

Fig. 1 Methods of radiographic
measurement of pelvic obliquity
used on anteroposterior
radiographs of the spine including
the pelvis: horizontal pelvic
obliquity as described by Osebold
et al. (angle subtended by a line
drawn between the most proximal
points on the iliac crest (red) and a
line (light blue) drawn parallel to
the lower end of the
roentgenogram); lumbosacral
measurement from Allen and
Ferguson (angle subtended by a
line drawn through the spinous
process of L4 and L5 (green) and a
perpendicular (orange) though the
iliac crest line); spinopelvic angle
as described by Maloney et al.
(angle between a line drawn
perpendicular (dark blue) from the
middle of T1 to S1 (magenta) and
the iliac crest line)
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Operative techniques

Three zones of fixation to the sacral pelvic unit have been
described anatomically: zone 1 is comprised of the S1
vertebral body and the most cephalad regions of the sacral
ala; zone 2 consists of the sacrum below zone 1; zone 3
includes the ilium bilaterally [45]. Biomechanical findings
support the relevance of this classification in two ways.
There is an increase of biomechanical strength of fixation
from zone 1 to zone 3, and each mode of fixation in each
zone has been associated with unique modes of failure
[46–51]. Biomechanically, sacral screws alone represent
the weakest form of sacropelvic anchorage in long spine
fusion to the sacrum with an associated high rate of failure
of fixation [52]. The techniques used for treating pediatric
neuromuscular scoliosis with significant pelvic obliquity are
most commonly zone 3 fixation types (Fig. 2).

Galveston technique

The use of bilateral intrailiac L-rod fixation for a long spine
fusion to the pelvis is one of the most well documented
fixation techniques in the literature for neuromuscular pedi-
atric patients [28]. Its use is becoming less common with the
development and availability of modern spine instrumenta-
tion. Traditionally, it was associated with the Luque con-
struct of sublaminar segmental wire fixation at the lumbar
and thoracic spine [53].

Depending on the thickness of the iliac crest and the patient
size, 6.35 mm (1/4 inch) or 4.75 mm (3/16 inch) diameter rods
are used combined with 16-gauge sublaminar wires for spinal
anchorage [19]. An intracortical pathway is made through the

distal ilium. Staying as distal as possible in the ilium will help
to obtain the longest and largest bonny tunnel [1]. The rod is
bent into 3 segments: one intra-osseous portion that will be
inserted in the ilium, one that runs over the posterior surface of
the sacrum, and a third that passes across the length of the
spinal segment to be instrumented. The rod penetrates the
ilium to the posterior sacral surface at a level of the lower
margin of the posterosuperior iliac spine (PSIS). It should
travel within 1.5 cm of the sciatic notch and be inserted to a
depth of al least 6 cm, ideally 9 to 10 cm, depending on the
anatomy of the patient [54].

Advantages of this technique of pelvic fixation are its low
profile and superior resistance to flexion forces. Its corrective
power regarding pelvic obliquity correction in neuromuscular
patients ranges from 40 % to 77 % in retrospectives series at
final follow-up [19, 55–59]. But as the rod is smooth and
crosses the unfused sacroiliac joint, its mechanical mode of
failure is proximal displacement between the iliac tables,
leading to the “windshield wiper” effect over time [46]. This
radiological finding is not always associated with a defect of
fusion. The lumbosacral pseudarthrosis rate is about 5 % [19].
Another drawback of the Galveston fixation is that it requires
complicated three-dimensional bending of the rods for proper
placement within the ilium. A preoperative hyperkyphotic
spine (thoracic, thoracolumbar, or lumbar) is a contra-
indication for using the Galveston technique as this is associ-
ated with increased incidence of posterior rod pull-out and
subsequent distal loss of sagittal plane correction in spastic
cerebral palsy patients. An anterior lumbar release and non-
instrumented anterior fusion in this subset of patients further
increases the risk for posterior pullout of the rods from the
pelvis [60].

Fig. 2 Sacropelvic fixation
techniques used for the treatment
of pediatric neuromuscular
scoliosis: Galveston
instrumentation with intrailiac
smooth L-rods; Iliac screws
anchored to the spinal rod with a
lateral connector; Maximum
width (MW) spinopelvic
construct, combining iliac and
iliosacral screws; S-rods accord-
ing to Dunn and McCarthy;
Sacral alar iliac (SAI) screws
(top view); Spinopelvic transiliac
fixation (STIF) implant system
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Evolutions of the original Galveston pelvic fixation tech-
nique include distal rigid cross-locking of the rods with
transverse connector, the “unit” rod, and augmentation of
fixation with S1 pedicle screws [52, 61, 62]. Adding an
inferior long transverse connector in horizontal distraction
(device for transverse traction, DTT) to push against the
rods will prevent them from backing out of iliac wings
[19, 52, 55, 63]. Because of the risk of translation (compro-
mising correction of pelvic obliquity) or rotation of two
unlinked L-rods with respect to one another, Moseley and
Koreska designed the “unit” rod [61]. It is made of a single
continuous stainless steel 6.35 mm (1/4 inch) with a prox-
imal U-bend. Unit rods are additionally pre-shaped in three
dimensions with kyphosis, lordosis, and pelvic portions to
simplify their insertion. The correction of pelvic obliquity
associated with this implant ranges from 57.8 % to 86 % at
longest follow-up in retrospective series with pseudarthrosis
affecting 0 to 5.9 % of patients [29, 40, 61, 64–66].

Finally, some authors modify the original Galveston tech-
nique with the addition of a DTT and S1 pedicle screws with
the aim to increase the strength of the sacral pelvic anchor-
age. Achieving anterior cortical sacral purchase with medi-
ally converging sacral pedicle screw in a triangular fashion
creates a three-point fixation system with increased pelvic
obliquity control. This concept is supported by biomechan-
ical in vitro data demonstrating that it significantly increased
resistance to failure and stiffness at the lumbosacral junction
[48]. Marchesi et al. reported the clinical efficiency of this
modification in a consecutive series of 25 patients with
Duchenne’s neuromuscular scoliosis with 74 % of pelvic
obliquity correction at follow-up and no pseudarthrosis [62].

Iliac screws

Together with the recent trend to treat neuromuscular scoli-
osis patients with pedicle screws instrumentation through a
posterior-only approach, the use of screws instead of smooth
rods to anchor the ilium is increasingly documented in the
literature [32, 33, 67, 68]. It offers the theoretical advantage
of diminishing implant pullout or cutout associated with a
smooth rods inserted in the iliac wings.

Locally, the iliac apophysis and crest must be removedwith
a rongeur to allow maximal recession of the screw heads to
decrease the profile of the implant in order tominimize the risk
of skin sores due to screw head prominence. Screws 6 to 8 mm
in diameter (50 to 70 mm long) are inserted in each iliac wing
with an entry point 2 cm superior to the PSIS. The screws are
aiming toward the region above the greater sciatic notch.
Human cadaveric studies have demonstrated that the longer
intrailiac path from the PSIS is the one aiming towards the
anterior inferior iliac spine (AIIS). This direction corresponds
to a constantly straight substantial column of bone that is
amenable to safe instrumentation, with 8mm screws providing

at least three times stronger anchorage for spinal instrumenta-
tion compared to standard Galveston technique with 6.25 mm
smooth rods [69, 70]. They are connected to the longitudinal
rod on each side with a lateral connector. Most authors report
this technique for the treatment of neuromuscular scoliosis in
pediatric patients without additional sacral fixation. Proximal
spinal anchorage is done with sublaminar wires [67, 71] or
with pedicle screws from the L5 level [32, 33, 72].

Pelvic obliquity correction associated with such techniques
range from 59 to 83.3 % with no pseudarthrosis reported [32,
67, 68, 71, 72]. Complications directly involving iliac screws
are mainly rod disengagement from the lateral connector and
radiolucencies around the screws [67, 71]. Interestingly, the
addition of a second iliac screw on each side was associated
with significantly fewer implant-related complications in a
comparative retrospective review. This additional pair of
screws is inserted with an entry point 2 cm further superiorly
to the first ones and is attached to the rod with a lateral
connector as well [71]. The use of iliac screws combined with
sacral screws as a low profile alternative to iliosacral screws in
neuromuscular patients with body weight less than 35 kg has
been recently reported in a prospective study [73]. This con-
struct was associated with 81.7 % pelvic obliquity correction
at follow-up and with no lumbopelvic pseudarthrosis. The
authors of this study reported the use of a horizontal 4.5 mm
titanium rod to connect the two sacral screws and the two iliac
screws. This pelvic segmental anchorage was then linked to
each spinal rod on each side with a 90° long-offset connector
(“T-construct”). In addition to its low profile, it also offers the
theoretical advantage of a three-dimensional four-point fixa-
tion in three different bones at the sacropelvic level, compared
with iliac screws alone.

Iliosacral screws

Iliosacral screws were first introduced as one of the three main
techniques of the Cotrel-Dubousset (CD) sacral instrumenta-
tion, the two others being alar staples and sacral screws [74].
Sacral staples have been used in the past for long spine fusion
to the pelvis with posterior distraction systems such as Har-
rington instrumentation; they are not considered to provide
sufficient stability except in distraction and result in high rates
of lumbosacral pseudarthrosis [75, 76]. Sacral screws in the
pediatric patient population are most often used for short
lumbopelvic fusion such as in the treatment of spondylolis-
thesis. This screw configuration alone at the pelvic level
provides relatively good control in the sagittal plane; however,
the power of correction in the frontal plane is less satisfactory
because of the medial position of the screws as compared to
zone 3 fixation techniques resulting in a shorter lever arm in
the frontal plane and potentially less corrective power of
pelvic obliquity. Iliosacral screws offer the theoretical advan-
tage of increasing the corrective lever arm and bony purchase
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by adding to the fixation area of the S1 pedicle using the two
cortices of the posterior ilium [77].

Traditionally, cannulated 7 mm screws are used. After L5
inferior facetectomies, guide pins are inserted bilaterally
with an entry point slightly proximal and superior to the
posterior superior iliac spine, 1 cm below the iliac crest.
They are directed to enter the sacrum at the base of the
ascending articular process of S1 and aimed at the opposite
anterolateral cortex of S1 with a medial orientation of 45°
for increased pull-out strength into the S1 pedicle [78]. They
are passing posterior and proximal to the sacroiliac joint.
The iliosacral screw on each side is finally connected to the
spinal rod with a regular lumbar hook or, ideally, with a
specific connector designed with two canals, one for the
screw and one for the rod [74, 77].

This instrumentation technique has shown its efficiency
in retrospective and prospective studies with pelvic obliqui-
ty correction ranging from 39.1 to 84 % and low rates of
lumbosacral pseudarthrosis (0 to 0.65 %) [77, 79, 80].
Complications directly involving this type of construct are
mainly early unilateral screw pull-out and rod disengage-
ment. Screw dislodgement can be treated percutaneously by
changing for a longer screw [77, 80, 81]. To diminish the
difficulty of three-dimensional distal rod contouring associ-
ated with this type of fixation in case of pelvic obliquity,
Zahi et al. proposed first linking the iliosacral screws to a
short rod on each side instead of directly extending the
spinal rods down to the iliosacral screws. Compression
and distraction maneuvers are then applied between these
short rods and the long spinal rods. The two short pelvic
rods are subsequently connected to the long rods on each
side using parallel connectors. This technique has been
shown to be as efficient in terms of pelvic obliquity correc-
tion and lumbopelvic fusion rates as the conventional ilio-
sacral screws technique in the comparative prospective
study [80].

Maximum width (MW) spinopelvic construct

In 1999, Arlet et al. introduced the idea of combining the
two threaded implants with the highest biomechanical fixa-
tion strength to the pelvis [48], iliosacral and iliac screws, in
a maximum width (MW) construct to further increase the
stabilization at the lumbosacral junction in the treatment of
neuromuscular pelvic obliquity [82].

The scoliotic curve at the spinal level can be instru-
mented with hooks, screws, or sublaminar wires. Then,
iliosacral screws are inserted on each side (using guiding
Kirschner wire and 7 mm diameter screws). On the side of
the higher hemipelvis, a downgoing laminar hook is inserted
above the iliosacral screw, and an upgoing laminar hook is
inserted below the iliosacral screw of the lower hemipelvis.
A 6 or 7 mm regular iliac screw is inserted bilaterally in the

iliac wing with an entry point 1 to 2 cm below the iliosacral
screw. Its direction is 2 cm above the sciatic notch and
perpendicular to the future rod. It is inserted until its side
opening is aligned with the laminar hook sitting on the
iliosacral screw. The rods are attached to the side open-
ing of both the hook and the screw. Pelvic obliquity
correction is finally accomplished with compression and
distraction at the lumbosacral level. The original descrip-
tion of the technique proposed to add a crosslink in
distraction in the low lumbar area, but this addition is
probably not mandatory if pedicle screws are used at the
lumbar levels [82, 83]. The final appearance of the
construct is an “M” on the posteroanterior radiograph
and a “W” on axial reconstruction.

Unfortunately, this interesting sacropelvic fixation is
poorly documented in the current literature. Carroll et al.
reported a 61 % reduction of pelvic obliquity in a series of 6
neuromuscular patients at 3 months of follow-up [83].
While it has been suggested that the average rate of correc-
tion of pelvic obliquity is 80 % using the construct, this is
not currently supported by a peer-review publication. No
complications specific to this technique have been reported
yet [84]. Since this particular technique combines iliac and
iliosacral screws, it could be associated, theoretically, with
increased hardware prominence in low weight patients.

Sacral alar iliac technique

Sacral alar iliac (SAI) or S2 iliac screws have been recently
proposed by Sponseller as an alternative method for lumbo-
pelvic fixation in pediatric patients [85]. These screws are
inserted with a starting point 1 mm caudal and 1 mm distal
to the S1 dorsal foramen. This starting point makes them in-
line with S1 promontory screws and lumbar pedicle screws,
thus eliminating the need for cross-connectors [86, 87]. A
computed tomographic analysis in skeletally mature adoles-
cents demonstrated that their entry point is also 15 mm
deeper than the PSIS starting point, thus potentially mini-
mizing implant prominence when compared to Galveston or
iliac screws fixation techniques [86]. Their trajectory is
approximatively 40° of lateral angulation in the transverse
plane and 40° of caudal angulation in the sagittal plane. This
more oblique angle, when compared to other iliac fixation
techniques, further prevents the screw from backing out
dorsally. Another theoretical advantage of this type of fixa-
tion is increased bone purchase through the sacrum when
compared with iliac screws. The length of these screws
typically ranges from 70 and 100 mm with a diameter from
7.5 to 10 mm [87, 88].

The correction of pelvic obliquity with this technique,
when combined with S1 pedicle screws for neuromuscular
scoliosis, was 70 % in a consecutive series of 26 patients
[88]. The reported complications in this study directly
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associated with this type of fixation were postoperative
lucencies around two screws, one patient with bilateral SI
joint pain requiring revision to longer SAI screws with full
pain relief, and one patient with an asymptomatic break at
the neck of an SAI screw two years after surgery. The course
of S2 iliac screws violates the sacroiliac joint in 60 % of
cases [87], and the long-term clinical significance of such
articular violation is unknown. Additional long-term clinical
studies with a higher number of patients are probably man-
datory to support the advantages further and to assess the
complications associated with sacral alar iliac fixation.

S-rods (Dunn McCarthy)

S-rods fixation of the sacropelvis was described by Dunn
and McCarthy in 1989 [89]. This technique was developed
primarily for, but not limited to, pediatric patients with
myelodysplasia [89–91]. Prebent S shaped rods are placed
over the sacral ala after releasing the iliolumbar ligaments
between the transverse processes of L5 and the ilium. Dis-
traction can be applied between the alar rod and an infrala-
minar hook or a pedicle screw at L4 (or above) in order to
seat firmly the S portion anteriorly and posteriorly around
the ala. Because of the anterior support on the sacral ala, this
construct is considered to provide an effective lever arm
against flexion forces. Therefore it is considered to be most
useful in nonambulatory patients with neuromuscular con-
ditions, especially when associated with thoracolumbar or
lumbar kyphosis. Its insufficient resistance against distrac-
tion, rotation, and lateral bending at the lumbopelvic junc-
tion probably makes this type of fixation less suitable in
ambulatory patients [45]. Another drawback of this instru-
mentation in patients with an intact spinal cord is the risk of
L5 nerve root irritation with a 14 % incidence of unilateral
neuropathic lower extremity pain [92]. In addition to its
strong moment arm against flexion, the other theoretical
advantages of the S rods fixation are its low profile and
the fact that it does not span an unfused sacroiliac joint.
Finally, it does not require fixation into the ilia, which are
frequently small and impaired by former pelvic procedures
in children with myelomeningocele [89]. A retrospective
review of 67 neuromuscular patients, mainly with myelo-
meningocele (65.7 %), demonstrated an average correction
of pelvic obliquity of 53 % with no significant loss of
correction at a mean follow-up of 6 years. Lumbopelvic
pseudarthrosis was not encountered in this study [90].

A complication specific to this construct is the migration
of the S rod into the sacrum on the high side of pelvic
obliquity [89, 90]. Warner and Fackler proposed a modifi-
cation of the original Dunn McCarthy technique for the
fixation of the lumbopelvic junction after kyphectomy for
lumbar kyphosis in myelodysplasic pediatric patients, where
the rods are inserted on both sides through the first sacral

foramina. The L-rods are bent during the surgery, and since
the sacral foramina is aligned with the position of the rod at
the spinal level, no lateral bending is needed. This modified
Dunn McCarthy technique was associated with a substantial
decrease of deformity recurrence, pseudarthrosis, and instru-
mentation problems when compared to a historical cohort of
patients treated with Harrington compression rod instrumen-
tation for the same indication [91].

Intrasacral rod fixation

Intrasacral rod fixation was first introduced by Jackson. It
combines S1 transpedicular endplate fixation at S1 with two
sacral screws and two rods inserted beyond the sacral screws
into the lateral sacral mass. A computed tomographic ana-
tomic study has demonstrated the feasibility and theoretical
safety of inserting 7 mm diameter rods in the lateral sacral
masses. Moreover, an indirect “sacroiliac buttress” is pro-
vided by the ilia along with the sacroiliac interosseous
ligament, the existence of which could theoretically help
resist the bending moments during flexion across the lum-
bosacral junction [93]. A human cadaveric study confirmed
increased rotational and flexion stiffness of this type of
fixation when compared with the Galveston technique and
isolated anterior constructs [94].

In Jackson’s original technique, the S1 transpedicular
screws were inserted under strict anteroposterior and lateral
fluoroscopic control. Such imaging is technically demanding
in cases of severe pelvic obliquity. Mazda et al. developed an
original template to insert these screws in a so-called “cylinder
of safety” [95]. Two Kirschner wires are first inserted through
this template with an entry point 5 mm above and 5mm lateral
to the first sacral foramina under lateral fluoroscopic control.
Then, two cannulated screws (7 mm) are introduced. These
screws are designed with an oblique canal angle (usually 10°)
to facilitate connection to the rods [96]. Sacral instrumentation
is finalized with the positioning of the rods guided by ante-
roposterior fluoroscopy. They are inserted beyond the sacral
screws into the lateral sacral mass distal to S3. The two intra-
sacral rods are attached with a transverse connector proximal-
ly to the sacral screws and linked to the proximal spinal
construct with closed lateral connectors. Correction of pelvic
obliquity is completed with distraction or compression
maneuvers and in situ bending [97].

Intrasacral rod fixation using the modified Jackson tech-
nique has been associated with a significant pelvic obliquity
reduction in 96.6 % of 55 pediatric neuromuscular patients
in a prospective study at a mean follow-up of 10.3 years
[97]. No complication directly involving this type of con-
struct, such as breakage, pull-out, or loosening of the intra-
sacral rods, has been reported. No lesion of presacral
neurovascular structure occurred in this last study, a finding
that is probably linked to the fact that the tip of the sacral

96 Curr Rev Musculoskelet Med (2012) 5:91–101



screws penetrates the L5-S1 disc with this technique rather
than the anterior cortex of S1. Another theoretical advantage
of this construct is that it does not span an unfused joint.
Nevertheless, in all patients, a radiolucent line with a pe-
ripheral rim of sclerosis developed around the intrasacral
rod within six months of surgery, mimicking the “wind-
shield wiper” effect of the Galveston fixation. Regardless,
this radiological finding was never associated with pain and
did not evolve subsequently during follow-up [97].

Sacral bars and spinopelvic transiliac fixation (STIF)
technique

Historically, transiliac fixation with the Harrington sacral bar
represents the first generation of pelvic instrumentation [98]. It
was supplanted by the Galveston technique and other forms of
sacropelvic instrumentation because of its frequent complica-
tions, which include lateral bar migration and disengagement
of the hook connecting the spinal rod to the sacral bar [75].
Nevertheless, this technique continues to represent an inter-
esting alternative to more modern pelvic instrumentation in
selected pediatric deformity cases. Sacral dysraphism can
prevent instrumentation of the sacrum, and dysplastic ilia or
planned or previous pelvic osteotomies can limit access for
iliac fixation. History of prior posterior iliac crest bone graft
procedure in revision cases can also weaken iliac fixation.

Widmann et al. proposed a modification of the original
sacral bar technique to eliminate the frequent complications
[99]. The modification includes the use of a low lumbar
crosslink between the spinal rods and the use of two long
malleable crosslinks bent at 90° connecting the sacral bar to
the spinal rod on each side. It achieved a correction of pelvic
obliquity of 62.9 % with 20 % of loss of pelvic fixation in
the ilium in the retrospective review of the same authors.
Another evolution of the sacral bar fixation is the spinopel-
vic transiliac fixation (STIF) technique introduced by King
[100]. This spinal implant system consists of L-shaped para-
vertebral rods with threaded distal ends with specifically
designed washers and locking nuts. The threads of the rods
are inserted through the posterior ilium at the level of S2.
The rods are then rigidly linked just proximal to the right
angle bend. The locking nuts are tightened over the washer
and the ilium resulting in compression of the sacroiliac
joints on each side. The pelvis is then cantilevered across
the scoliotic spine and anchored by a combination of wires,
hooks, or screws. The STIF construct demonstrated greater
biomechanical stability in cadaveric specimens under axial
compression and flexion over Galveston fixation [100]. It
was clinically effective with a correction of 67 % of pelvic
obliquity at long-term follow-up, with a pseudarthrosis rate
of 7.4 % [101]. A supposed advantage of this fixation is that
it could induce sacroiliac joints fusion by cinching the joints
together and by laying bone graft from the spine to the iliac

crest while also eliminating sacroiliac joint pain. Complica-
tions directly involving the modified sacral bar and STIF
technique include inferior prominent hardware over the
sacrum sometimes necessitating revision [99, 101].

Comparative clinical studies

The number of clinical studies comparing pelvic fixation
techniques for the treatment of pediatric spine deformity is
limited. Most of them are retrospective reviews and control
groups are often heterogenous; the traditional Galveston
technique represents the most frequently used control group
[52, 73, 83, 88, 102–104]. A retrospective study of 16
patients reported increased intraoperative and immediate
postoperative failure of fixation of sacral screws (44%)
and iliosacral screws (28%) compared to Galveston fixation
(0 %). The same study showed that 77% of patients with
medical complications, including neurogenic pain, were in
the sacral screws arm of the study [52]. Bulman et al.
retrospectively compared the Galveston technique per-
formed with the “unit” rod to two unlinked L-rods in
patients with cerebral palsy and showed that the use of the
“unit” rod was associated with a better correction of pelvic
obliquity (79.3 % vs. 43.4 %, respectively)[102]. The supe-
rior correction of pelvic obliquity associated with this single
continuous implant was also confirmed by another multi-
center retrospective review comparing the “unit” rod to
custom-bent rods anchored to the pelvis with iliac screws
or rods, S-rods, or sacral screws (74 vs 22 %, respectively).
However, the unit rod was associated with higher transfu-
sion requirements (1278 vs 729 mL), increased infection
rates (15 vs 5 %), more clinically apparent implant promi-
nence (12 vs 2 instances), and longer intensive care unit (4
vs 3 days) and hospital stays (14 vs 13 days) in this last
study [104]. When compared to traditional Galveston fixa-
tion, iliac screws were found to deliver better pelvic obliq-
uity correction (80 % vs. 67 %, respectively) and to be
associated with less pelvic anchor motion and surrounding
radiolucencies at latest follow-up in a retrospective series of
neuromuscular patients [103]. Similarly, a retrospective case
control review with a small sample size reported a nearly
30 % better correction of pelvic obliquity with the MW
construct (combining iliosacral and iliac screws) when com-
pared to Galveston fixation [83]. Zahi et al. compared the
radiological results and complications of the T-construct (com-
bining iliac and sacral screws) to iliosacral screws in a pro-
spective series of neuromuscular patients. Their preliminary
results suggested a similar correction of pelvic obliquity in both
groups but increased complications in the iliosacral screws
group [73]. Finally, in a retrospective review, Sponseller et al.
reported a significantly better correction of pelvic obliquity
with SAI screws when compared to pelvic fixation with sacral
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or iliac screws (70 % vs. 50 %, respectively) and similar
complication rates between the two groups [88].

Authors’ preferred treatment

The authors generally recommend extension of spine fusion
to the pelvis for the surgical treatment of non-ambulatory
neuromuscular scoliosis despite the magnitude of pelvic
obliquity; in ambulatory neuromuscular scoliosis patients
with minimal fixed pelvic obliquity (<15°), we avoid exten-
sion to the pelvis. We tend to favor the use of iliac screws for
pelvic anchorage with the addition of S1 screws when
feasible. Occasionally, we use sacral alar iliac screws; how-
ever, in our experience, this type of fixation can be techni-
cally difficult in patients with lumbar hyperlordosis, a
situation frequently encountered in spastic cerebral palsy
patients. In patients with severe pelvic obliquity, we consid-
er using the MW technique as we find that this modular
construct allows for progressive compression and distraction
that enables powerful pelvic obliquity correction. We recent-
ly reviewed our results using the MW construct in 25
patients and found an 84 % pelvic obliquity correction at a
minimum of two-years follow-up (unpublished data). Our
use of transiliac techniques is restricted to select patients
presenting with local anomalies making insertion of screws
impossible or hazardous, and we reserve Dunn McCarthy S-
rods for myelomeningocele patients with a combination of
kyphosis and pelvic anomalies precluding the use of screws.

Conclusions

Though many different techniques have been described to
extend a long spine fusion to the sacropelvis, it is always
essential to remember the general rules of scoliosis surgery
in neuromuscular patients. The main goal is to achieve a
balanced spine sitting over a level pelvis with a solid spinal
and lumbopelvic arthrodesis [30]. An extensive presurgical
medical workup, including correction of possible nutritional
deficiencies, is of primary importance to decrease the risk of
perioperative complications [38, 105]. Given the significant
risk of lumbopelvic pseudarthrosis, a strong experience with
the specific technique of pelvic fixation chosen is essential.
It is also strongly advised to be familiar with more than one
technique of pelvic fixation in order to be able to be safe in
managing a salvage procedure after intraoperative failure or
during revision or to choose the most appropriate construct
for selected patients with disturbed sacropelvic anatomy.
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