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Abstract
Introduction  Pelvic fixation in patients with neuromuscular scoliosis is difficult, due to their fragile general condition and 
poor bone quality. Many techniques have been described, associated with high rates of mechanical complications. The 
objective of this work was to evaluate the mechanical complications and long-term radiological results of ilio-sacral screw 
pelvic fixation.
Materials and methods  167 consecutive patients with neuromuscular scoliosis who underwent minimally invasive bipolar 
fixation with ilio-sacral screw pelvic fixation were retrospectively reviewed. The instrumentation consisted in a bilateral 
sliding rods construct extended from T1 to the sacrum, anchored proximally by double-hook claws and distally by ilio-sacral 
screws through a minimally invasive approach. Mechanical complications and radiographic measurements (angle of the major 
coronal curve, pelvic obliquity, lumbar lordosis) were evaluated preoperatively, postoperatively, and at the last follow-up.
Results  Mean operative age was 12 ± 3 years, and follow-up 6.4 years (3.0–10.4 years). Pelvic obliquity decreased from 20° 
preoperatively to 5° (77% correction) at last follow-up, Angle of the major coronal curve from 75° to 36° (52% correction), 
and lumbar lordosis from 28° to 38°. 16 mechanical complications in nine patients occurred: screw prominence (n = 1), 
connector failure (n = 4), screw malposition (n = 11). Unplanned surgery was required in seven cases, two were managed 
during rod lengthening, seven did not require treatment.
Conclusion  In this series of neuromuscular patients operated by ilio-sacral screws as pelvic fixation, the results were stable 
with a mean follow-up of more than 6 years and the complication rate was reduced comparatively to the literature.
Level of evidence  4

Keywords  Neuromuscular scoliosis · Minimally invasive fusionless surgery · Bipolar construct · Pelvic rod anchoring · 
Ilio-sacral screw

Introduction

Neuromuscular scoliosis starts to develop at an early age 
and usually worsens over time despite conservative treat-
ment, due to the muscle tone and trunk balance disorders. 
It is most often located in the thoraco-lumbar region and 
may extend to the pelvis, resulting in pelvic obliquity [1]. 

Arthrodesis in adolescence, following orthopaedic treat-
ment is the common therapeutic scheme for these scoliosis 
[2, 3]. In cases of rapidly progressive deformities, ortho-
paedic treatment is ineffective and early growth-sparing 
surgical procedures may be used in order to obtain a bet-
ter correction of the deformity and to preserve spinal 
and thoracic growth [4]. However, if a pelvic fixation is 
required, a higher rate of mechanical complications has 
been reported in the literature. One of the main risk fac-
tors for these complications is the poor bone quality in 
these fragile patients, whose nutritional status is often 
severely impaired. In addition, the large lever arm imposed 
by long constructs applies considerable constraints on 
the pelvic anchors during trunk movements. Sponseller 
et al. [5] compared different pelvic fixation techniques 
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(iliac screws, iliac rods, S-rods, and sacral fixation) and 
reported between 16.5 and 30% of mechanical complica-
tions related to the implants. Furthermore, the wide variety 
of pelvic fixation techniques described to date also reflects 
the difficulty in finding a satisfactory solution [6–8]. In the 
minimally invasive bipolar fusionless technique for the 
treatment of neuromuscular scoliosis [9], the use of ilio-
sacral screws as pelvic fixation may reduce the mechanical 
complication rate [10–12].

The first description of ilio-sacral fixation was made by 
Paul Harrington in 1969 to treat L5/S1 spondylolisthesis, 
using a trans-ilio sacral Steinmann pin [13]. In 1972, Jean 
Dubousset used this technique to treat neuromuscular scolio-
sis, with a cannulated superior femoral epiphysiolysis screw. 
Since then, and with the development of the Cotrel–Dubous-
set instrumentation, the technique has improved. The screws 
are now connected to the rods by a specific poly-axial open 
connector, and a dedicated ancillary is used to insert the 
ilio-sacral screws percutaneously [11].

 The main aim of this work was to evaluate the long-term 
mechanical complications rate of ilio-sacral screw fixation 
used for minimally invasive bipolar technique to treat neuro-
muscular scoliosis. The secondary objective was to evaluate 
the correction of pelvic obliquity and its stability over time.

Materials and methods

Study design and data collection

The medical charts of all patients with neuromuscular scolio-
sis who underwent bipolar fusionless surgery with ilio-sacral 
screw fixation at our department between January 2011 and 
December 2017 were retrospectively reviewed. The indica-
tion for pelvic fixation was a pelvic obliquity > 10° in the 
frontal plane, or in case of frontal or sagittal trunk imbal-
ance > 10°. T

he study was approved by the ethics committee (CPP, 
ID-EUDRACT # 2014 A019043 44). For each patient, all 
mechanical complications, whether or not related to the 
implant (screw malposition, screw migration, connector 
breakage or loosening), as well as neurological complica-
tions such as impingement with the S1 nerve root were col-
lected. The following radiographic parameters were also 
analysed before surgery, immediately after surgery, and at 
the last follow-up: angle of the major coronal curve, pelvic 
obliquity, thoracic kyphosis, and lumbar lordosis [14, 15]. 
Pelvic obliquity was defined as the angle in degrees between 
a line drawn between the midpoint of T1 and the midpoint of 
S1 and the perpendicular to the line joining the iliac crests 
or the foot of the sacro-iliac joints on seated full antero-
posterior radiographs of the spine.

Operative technique

The surgery was performed under moderate intraoperative 
traction, applied asymmetrically in the case of an oblique 
pelvis, and under spinal cord monitoring to analyse somes-
thetic and motor evoked potentials. It was performed by 5 
different senior spine surgeons of the department. Proximal 
fixation was vertebral, extended over the first 5 thoracic ver-
tebrae and ensured by a double claw of supralaminar [16] 
and pedicle hooks on each side (E-Spine®, Euros, La Ciotat, 
France), separated by a free vertebra. Distal fixation was 
performed by ilio-sacral screws passing through a specific 
connector (Tanit®, Euros, La Ciotat, France), which links 
them to the rods. The connector is multiaxial and is inserted 
into a hole made between the articular process of L5-S1 
and the first posterior sacral foramen with a dedicated bone 
chisel. A specific guide attached to the multiaxial connector 
is used to guide the insertion of the cannulated ilio-sacral 
screw (7 mm in diameter) through a small incision (Fig. 1). 
The direction is oblique from posterior to anterior in order 
to pass in front of the spinal canal and to reach the body of 
S1 (Fig. 2).

The technique of ilio-sacral screw fixation used in the 
study population was published in 1997 and in 2010 on 
two series of posterior arthrodesis [10, 12]. In the present 
study, the surgical technique, the implants, and ancillaries 
have been improved: the new connector is open and poly-
axial, and also ensures locking of the ilio-sacral screw. Its 
deep position and low profile make this connector suit-
able for patients who are very young or thin. The position 
of the ilio-sacral connector in the alignment of the pedicle 
screws and its poly-axiality make the insertion of the rods 
easier [11]. Three crosslinks complete the stability of this 

Fig. 1   The specific guide is attached to the multiaxial connector, to 
allow percutaneous introduction of the ilio-sacral screw through the 
iliac ala
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construct: two proximal and one distal located just above 
the ilio-sacral connector. Various intraoperative navi-
gation tools can also be used to facilitate and to secure 
the implantation of the screw in the pelvis, reducing the 
risk of mispositioning that could cause injury to the first 
sacral root, the spinal canal or the lateral foramen [17].

 In this series, the patients operated on at the beginning 
of our experience did not have control of screw placement 
by intraoperative CT scan. Its use has become recently 
systematic. Additional surgery for rod lengthening was 
performed secondarily on request, to follow bone growth 
in a child operated on at a young age, or to perfect the 
correction of a residual deformity, whether spinal or pel-
vic. Patients were allowed to sit and stand upright from 
the first postoperative days, without external support.

Statistical analysis

Variables were described as mean (range). Changes in radio-
logical parameter values from baseline to the early post-
operative assessment and to last follow-up were evaluated by 
applying the pairwise Student’s t test. P values below 0.05 
were considered significant. Complications were described 
as n (%).

Results

Table 1 reported the main features of the population.167 
patients were included, 86 females and 81 males, with a 
mean age at surgery of 12 ± 3 years (range, 8.6–15.4 years). 
The diagnoses were cerebral palsy (n = 95), syndromic 
neuromuscular disease (n = 20), spinal muscular atrophy 
(n = 15), muscular dystrophy (n = 8), spina bifida (n = 6) and 
other neuromuscular disorders (n = 23). Mean body mass 
index (BMI) was 16.3 (range 12.4–20.1). At surgery, 38 
(22.8%) patients were classified as GMFCS 4, the remain-
ing 129 were GMFCS 5. Mean follow-up was 6.4 years (3.0 
to 10.4 years). A mean of 1.3 (0 to 4) lengthening procedures 
were performed, with a mean interval of 1.4 ± 0.3 years 
between each procedure. 67 patients did not require a 
lengthening procedure. One procedure was performed in 54 
patients, 2 procedures in 31 patients, 3 procedures in 11 
patients, and 4 procedures in 1 patient.

Evaluation of the mechanical complication rate due 
to ilio‑sacral screw fixation

Table 1 details the 16 mechanical complications observed 
in 9 (5.4%) patients: screw prominence (n = 1), connector 

Fig. 2   Transverse plane on CT-scan. The direction of the screw is 
oblique from outside to inside, and from back to front, passing in 
front of the spinal canal to reach the body of S1

Table 1   Mechanical 
complications of the ilio-sacral 
screw and their management 
(n = 16, in 9/167 patients)

Year Screw 
prominence

Connector 
failure

Screw mal-
position

Total Number of fusionless 
surgeries per year (n)

2011 0 0 0 0 5
2012 0 0 1 1 13
2013 1 1 1 3 17
2014 0 3 3 6 43
2015 0 0 2 2 37
2016 0 0 1 1 36
2017 0 0 1 1 16
2018 0 0 0 0 –
2019 0 0 2 0 –
Total 1 4 11 14 167
Unplanned surgery (n) 1/1 0 6/11 – –
Revision during a planned rod 

lengthening procedure (n)
0 4/4 0 – –

No revision required 0 0 5/9 – –
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failure (n = 4), and screw malposition (n = 11). The patient 
with ilio-sacral screw prominence was 10 years old and 
had severe malnutrition with a BMI of 14.0. One patient 
required two revision surgeries, one due to connector failure 
and then a few months later due to screw malposition. Con-
nector failure without clinical consequence occurred in 4 
walking patients, related to high flexion–extension stresses 
of the trunk, and was managed during the next scheduled 
lengthening procedure (Fig. 3).

Of the 11 cases of ilio-sacral screw malposition, five had 
no clinical or mechanical consequences, but six required 
unplanned surgery for ilio-sacral screw replacement, due to 
irritation of the S1 root causing neuropathic pain. These 
improved after revision surgery. A non-ambulatory patient 
reported intermittent low back pain. No cases of ilio-sacral 
screw pull-out or breakage were recorded in this series.

Evaluation of other mechanical complications 
and infections

Nine cases of rod fracture (5.3%) occurred in cerebral palsy 
patients: three of them were walking, two were dystonic, 
and four had major kyphosis > 50°. Proximal hook migration 
requiring repositioning occurred in five patients. The rate 
of surgical site infection was 22.1% (32 patients). Seven of 
them required complete removal of the material because of 
the chronicity of the infection. The material was replaced 
one year later, because of an increase of the deformity in two 

patients. The five others were not re-instrumented thanks to 
the stability of the correction over time.

Evaluation of the pelvic obliquity correction and its 
maintenance over time

All the radiological data are reported in Table 2. The pre-
operative radiological parameters were as follows: major 
angle curve, 74.7° (46.1°–103.3°); pelvic obliquity, 20.2° 
(3.8°–24.0°); lumbar lordosis, 27.7° (−1.8° to 57.2°), and 
thoracic kyphosis, 45.4° (17.9°–73.0°). Preoperative pelvic 
obliquity was > 10° in 114 children (68.2%). In the other 
cases, it was < 10° but patients had significant trunk imbal-
ance in the frontal or sagittal plane, including 19 walking 
patients. The mean correction of the major angle curve was 
52.5% (37.4%–75.7%) at last follow-up, and 77.2% for pelvic 
obliquity.

Discussion

Long-term follow-up of the patients in this series, operated 
on by minimally invasive bipolar fusionless technique with 
pelvic fixation by ilio-sacral screw was associated with sta-
ble radiographic outcomes and a reduced rate of mechani-
cal complications (Figs. 4–5). Many studies have reported 
high rates of mechanical complications after fusionless sur-
gery for neuromuscular scoliosis. For example, Sponseller 
et al. [5] compared various methods of pelvic fixation in 36 
patients, and reported 10 mechanical complications involv-
ing pelvic fixation, including five iliac screw fractures, three 
distal screw prominences, and two distal screw pull-out. 
In 2016, Brooks et al. [18] compared the results of pelvic 

Fig. 3   Example of mechanical complication with connector failure

Table 2   Radiological data

Angle of mean coronal curve angle ° (mean)

 Preoperative 74.7° (46.1–103.3°)
 Postoperative 32.8° (16–49.7°)
 Last follow-up 36° (18.4–53.4°)

Pelvic obliquity °(mean)
 Preoperative 20.2° (3.8–24°)
 Postoperative 4.8° (0.77–8.8°)
 Last follow-up 4.7° (0.43–9°)

Thoracic kyphosis °(mean)
 Preoperative 45.4° (17.9–73°)
 Postoperative 30.3° (17.6–43.1°)
 Last follow-up 31.3° (18.2–44.4°)

Lumbar lordosis °(mean)
 Preoperative 27.7° (1.8–57.2°)
 Postoperative 39.2° (26.9–51.4°)
 Last follow-up 38.0° (25–51°)
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fixation at the ilium and sacrum versus at the sacrum only 
in 38 patients followed for at least 4 years. Distal anchor-
age failure occurred in six (15.7%) patients, including one 
sacral fixation (S1 foramen fracture with screw pull-out) and 
five iliac fixations (screw pull-out, n = 3; iliac screw rupture, 
n = 1 and iliac screw sweep, n = 1). A multi-center evaluation 
[19] of Dunn–McCarthy pelvic hook fixation with proximal 
costal anchorage in patients with early scoliosis showed a 
pelvic fixation complication rate of 50%, with an unsched-
uled revision surgery rate of 5.6%. Gait was impaired in 
40% of walking patients, 6% reported postoperative neuro-
pathic pain, up to 14% in another study with Dunn–McCa-
rthy fixation [20]. In the present series, five patients reported 
neuropathic pain due to a sacral root impingement which 
improved after screw path revision. One non-ambulatory 
patient presented intermittent low back pain without radicu-
lalgia, which were solved under medical treatment.

 The results in the present series were as satisfac-
tory as other studies using ilio-sacral pelvic fixation for 

neuromuscular scoliosis in PSF. In Miladi et al. retrospec-
tive study of 154 consecutive patients [10], the Cobb angle 
was corrected by 53–70% and correction of pelvic obliquity 
was 60–84%. In Zahi et al. prospective series of 62 neu-
romuscular patients [12], postoperative angular parameters 
showed a good correction of spinal deformity. Patients with 
preoperative pelvic obliquity had a satisfactory and stable 
correction at final follow-up. In Ould-Slimane et al. adults’ 
series [21], the ilio-sacral screw pelvic fixation adequately 
provided frontal and sagittal corrections, increased stability, 
and reduced instrumentation-related complications.

 The rather high surgical site infection rate in the present 
series should be compared to other techniques with caution 
as neuromuscular scoliosis fixed to the pelvis are known to 
be associated with a higher rate of infectious complications, 
especially in case of cerebral palsy and spina bifida [22–24]. 
In addition, the technique used in this series required repeti-
tive rod lengthening surgeries. The advent of a new self-
expanding rod using with the same bipolar construct but 

Fig. 4   a–e Radiographs and photographs of an 11-year-old girl with 
Rett syndrome and 30° pelvic obliquity. a pre-operative radiographs. 
b 18  months post operatively (before rod lengthening). c 2.5  years 

postoperatively, after rod lengthening. d pre-operative photographs of 
this patient. e after 4-years follow-up

Fig. 5   a–d Radiographs and photographs of a 12-year-old girl with cerebral palsy, pelvic obliquity < 10° but severe trunk imbalance. a pre-oper-
ative radiographs. b postoperative radiographs. c preoperative photograph. d after 5-years follow-up
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avoiding repeated surgeries should decrease the infectious 
risk [25].

 The stability and strength of the bipolar construct with 
pelvic fixation by ilio-sacral screws are based on its geo-
metric design. To our knowledge, this is the only construct 
in which the rod is connected to the middle of the pelvic 
implant, and not at the extremity of the screw. In all other 
types of pelvic fixation, the rods are attached to the screw 
head, either directly or through a small connecting rod. The 
rod connection in the middle of the ilio-sacral screw dis-
tributes the stresses evenly over the two halves of the screw. 
The proximal part fits in the iliac ala and the distal part is 
held in the body of S1. We hypothesize that the screw-rod 
connection may also minimize the risk of screw pull-out, 
even in patients with fragile bones, as it is located deeply 
within the bone and remains firmly in contact with bone all 
along its path (Fig. 1). Moreover, the position and orienta-
tion of the ilio-sacral screw, which passes behind the sacro-
iliac joint toward the sacrum, preserves and stabilizes the 
sacro-iliac joint. The cross-link that connects the rods on 
either side of the pelvis also reinforces this stabilization. 
This protective effect may explain the absence of pain from 
sacro-iliac joint degeneration, even in ambulatory patients. 
Screw malposition with S1 root irritation mostly happened 
at the beginning of our experience, when ilio-sacral screws 
were inserted free-hand without intraoperative imaging 
control. Whether pelvic fixation in neuromuscular growing 
constructs is required remains controversial. The extension 
of the fixation to the pelvis must be discussed case-by-case. 
In non-walking patients, the goal of pelvic fixation is to cor-
rect pelvic obliquity and trunk imbalance, thereby improving 
sitting comfort. In walking patients, the rate of mechanical 
complications was higher. That is why we reinforced the 
construct with two additional rods. The ilio-sacral connec-
tor was also modified to be stronger. In the present series, 
the indications for pelvic fixation were a pelvic obliquity 
more than 10°, or trunk imbalance > 10° in the sagittal and/
or coronal plane.

The paramedian position of the ilio-sacral screws cre-
ates a powerful lever arm that allow severe pelvic obliq-
uity correction by applying strong distraction or com-
pression manoeuvres. Additional in situ bending can also 
be performed to improve residual coronal and/or sagittal 
deformities.

 In a recent publication [26] of 13 neurological scolio-
sis aged between 11 and 22 years, operated on using the 
same technique with an average follow-up of 3 years, the 
correction of pelvic obliquity was 82%, and 63% for the 
main coronal curve angle. The overall complication rate 
was 15%. In our practice, we propose this technique even 
for skeletally mature neuromuscular patients instead of 
PSF as we have observed that the construct was stable 
overtime at long-term follow-up thanks to a progressive 

spinal stiffening due to fibrosis and auto-fusion. None of 
our patients required a PSF after more than 10 years for 
the first cases [27].

This fusionless technique was also proposed in adults’ 
patients with encouraging preliminary results in 48 cases 
(mean age 45 years) with major coronal or sagittal deform-
ities. 14.5% of mechanical complications were related to 
pelvic fixation [28].

Compared to PSF, fusionless surgery is faster and less 
haemorrhagic and thus particularly beneficial in fragile 
neuromuscular patients. Compared with other types of 
scoliosis, complication rates of PSF procedures in neuro-
muscular scoliosis shows the highest rate of complications 
(24–75%), followed by congenital (10.6%) and idiopathic 
(6.3%) etiologies [29].

The present study has some limitations. It is monocen-
tric and retrospective without comparative group. Moreo-
ver, a biomechanical study with other fixation techniques 
could support the clinical findings. However, research is 
ongoing on the biomechanical properties of this pelvic 
fixation, and results will be published in the future.

Conclusion

In this series of neuromuscular patients operated by ilio-
sacral screws as pelvic fixation, the results were stable 
with a mean follow-up of more than 6 years and the com-
plication rate was reduced comparatively to the literature.
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