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Background: “Convex Pedicle Screw Technique” reduces the theoretical risk of neurovascular injury. Our 
aim is to evaluate the efficacy of this technique in patients with neuromuscular scoliosis (NMS). 
Methods: Retrospective study of 12 patients who underwent a Convex Pedicle Screw Technique and were 
diagnosed with NMS. Patients who had undergone previous spinal surgery were excluded. The minimum 
follow-up required was 24 months. Demographic data, intraoperative data, neurovascular complications and 
neurophysiological events requiring implant repositioning, as well as pre- and postoperative radiological 
variables were collected.
Results: Twelve patients diagnosed with NMS underwent surgery. The median operative time was  
217 minutes. Mean blood loss was 3.8±1.1 g/dL hemoglobin (Hb). The median postoperative stay was 8.8± 
4 days. A reduction of the Cobb angle in primary curve of 49.1% (from 52.8°±18° to 26.5°±12.6°; P<0.001) 
and in secondary curve of 25.2% (from 27.8°±18.9° to 18.3°±13.3°; P=0.10) was achieved. Coronal balance 
improved by 69.4% (7.5±46.2 vs. 2.3±20.9 mm; P=0.72) and sagittal balance by 75% (from −14.1±71.8 
vs. −3.5±48.6 mm; P=0.50). There were no neurovascular complications. There were no intraoperative 
neurophysiological events requiring implant repositioning, nor during reduction maneuvers. No infections 
were reported. 
Conclusions: The correction of the deformity from convexity in NMS achieves similar results to other 
techniques, and a very low complication rate.
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Introduction

Background 

Neuromuscular scoliosis  (NMS) includes a broad 
spectrum of spinal deformities secondary to neurological 
and muscular diseases. It has an incidence ranging from 
25–100%, depending on the underlying disease. NMS, 
unlike adolescent idiopathic scoliosis (AIS), develops in 
patients with chronic diseases at an earlier age and creates 
curves with greater deformities, more rapid progression and 
sometimes associated with neurological malformations (1,2).

A significant proportion of these patients will require 
surgical treatment, as it will usually be associated with 
respiratory restriction and the curve may continue to 
progress after the end of growth (2). Previous publications 
have shown an improvement in quality of life in those 
patients treated surgically, facilitating the care of these 
patients by improving the ability to ambulate, sit up and 
perform transfers (1-3).

Rationale and knowledge gap 

Posterior instrumentation with pedicle screws is currently 
considered to have more advantages in terms of safety 
and degree of correction than older techniques, such as 
Luque (4) instrumentation with sublaminar wires, Cotrel-
Dubousset instrumentation or Harrington rods (5-8).

Classically, curve correction has been performed mainly 
by instrumenting the concavity area when the profile was 
hypo- or normokyphotic, and from the convexity when 
there was hyperkyphosis (9). However, we believe that 

correction from the convexity (10), regardless of the sagittal 
profile, has a lower risk of neurovascular injury and less risk 
of malposition of the screws (11), since it is on that side 
where the pedicles are thicker and more exposed (9,12,13). 
Furthermore, as it is technically simpler, surgical time is 
reduced.

Objective 

Our aim is to present the results obtained in the correction 
of scoliotic deformity from the convexity of the curve. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jss.amegroups.com/
article/view/10.21037/jss-23-128/rc).

Methods

Patient selection and data collection 

The study was approved by the ethics committee of General 
University Hospital Gregorio Marañón (Code: ESCOLI1), 
and was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The patients’ guardians or 
the patients themselves provided their informed consent to 
participate in the study. This is a retrospective case-control 
study of 12 patients treated at our centre from 2013 to 
2021, diagnosed with NMS with curves greater than 40° in 
which a rapid progression has been observed with respect 
to previous controls, as well as those curves that prevent 
an adequate seated position due to pelvic imbalance. If the 
pelvic obliquity was greater than 15°, the instrumentation 
was extended to the pelvis. All patients were operated by the 
same team of surgeons, specialised in spinal surgery. Prior to 
the study, a selection of patients was made, excluding from 
the final sample those with previous spinal surgery and those 
in whom no assessable teleradiographs were obtained. The 
minimum follow-up required was 24 months. The exclusion 
criteria were: not meeting the minimum follow-up,  
and scoliosis of idiopathic or syndromic origin.

The following variables were collected: age, sex, diagnosis 
associated with NMS, instrumented levels, blood loss in 
litres (using the Nadler Equation), post-surgical length of 
stay, surgical time, intraoperative neurophysiological events 
and postoperative complications. In addition, the implant 
density was calculated in each case (defined by the number 
of pedicle screws divided by the number of fused levels). 

Pre- and post-operative radiological data were also 
collected, including: Cobb angle of the primary and 
secondary curve, coronal balance (distance in millimeters 
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between the central sacral line and C7 mid body), sagittal 
balance (distance in millimeters between a C7 vertical 
plumb line with the S1 superior-posterior corner), thoracic 
kyphosis, lumbar lordosis, pelvic incidence and pelvic 
obliquity. All of these were subsequently compared.

All patients were followed up at 4 weeks, 3 months and 
annually after the intervention.

Surgical technique 

Cefazolin 30 mg/kg was administered 30 minutes before the 
incision, (which was maintained on admission every 8 hours 
until Redon type drainages removal) and amikacin 15 mg/kg  
as a single dose. Cefazolin was repeated every 4 hours, or 
in case of excessive bleeding. Surgery was performed with 
the patient in prone position, under general anaesthesia and 
intraoperative neurophysiological monitoring by stimulation 
of each of the screws to assess proximity to radicular 
and spinal cord structures, as well as neurophysiological 
monitoring of long spinal cord tracts during correction 

maneuvers. An isolated posterior approach was performed 
in all cases.

First, the posterior elements were dissected subperiosteally, 
up to the transverse processes on both sides, and the curve 
was made flexible by means of wide facetectomies. From 
caudal to cranial, pedicle screws (monoaxial at the apex and 
polyaxial at the ends of the construct) were inserted using 
the “free hand” technique (9), and iliac screws in cases of 
fixation to the pelvis. All the pedicles of the convexity of the 
structured curve(s) were instrumented and, in the concavity, 
only the limits of the curve were instrumented. In all cases, 
descending transverse hooks were implanted in the last 
proximal instrumented vertebra. After verification of the 
screw thresholds by direct stimulation with neurophysiology, 
the deformity was corrected by bending a titanium rod to 
the optimal profile, bringing the spine closer to the rod. 
Subsequently, in-situ bending and segmental vertebral 
derrotation to optimise the curve, placing tubes in the 
monoaxial screws of the apex, and adding small compression 
and distraction maneuvers, above all in distal and proximal 
areas, to horizontalise the pelvis and shoulders. Subsequently, 
a rod is placed in the concave support area with hardly any 
additional maneuvers, nor derrotating on it. The iliosacral 
fixation was performed with simple iliac screws or S2 
Alar-Iliac screws, according to each surgeon’s preference. 
The arthrodesis was performed by decorticating all the 
posterior elements, including the transverse elements, and 
heterologous bone was not necessary (Figures 1,2).

Statistical analysis

IBM SPSS Statistics, Version 26 (IBM Corp., Armonk, New 
York, USA) was used. A P value of less than 0.05 was set for 
significance. Student’s t-test for paired samples was used to 
compare quantitative variables.

Results

A total of 12 patients were included in the study, diagnosed 
with NMS [9 of them secondary to cerebral palsy—6 from 
Lonstein Group 1 and 3 from Lonstein Group 2 (14), two 
to myelomeningocele, and one to Duchenne muscular 
dystrophy]. Six of the patients were ambulant, and six were 
non-ambulant. Eight of the patients were female, and four 
were male. In 4 of the patients the pelvis was instrumented 
as they had a pelvic obliquity greater than 15°.

The mean age at the time of surgery was 13±3.53 years. 
The median operative time was 217 minutes, with 13.1±3.1 

Cobb angle: 89.4°

Figure 1 Preoperative teleradiograph of a 17-year-old male 
patient diagnosed with cerebral palsy. The black lines represent the 
endplate of the two terminal vertebrae.
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mean number of instrumented levels. Mean blood loss was 
0.997±0.382 L. The mean postoperative stay was 8.8±4 days.  
In 3 of the 12 patients (25%), heterologous blood 
transfusions were required during admission. The mean 
implant density was 1.47±0.24 implants per level.

We achieved a reduction in the Cobb angle in the primary 
curve of 49.1% (from mean 52.8°±18° to mean 26.5°±12.6°; 
P<0.001) and in the secondary curve of 25.2% (from mean 
27.8°±18.9° to 18.3°±13.3°; P=0.10). Coronal balance 
improved by 69.4% (mean 7.5±46.2 vs. 2.3±20.9 mm;  
P=0.72) and sagittal balance by 75% (mean −14.1±71.8 to 
−3.5±48.6 mm; P=0.50).

The preoperative thoracic kyphosis was 42.1°±13.6° 
and the postoperative kyphosis was 32.9°±16.7°. This 
represented a decrease of almost 22% (P=0.09). The 
preoperative lumbar lordosis was 46.8°±14.7° and the 
postoperative lordosis was 42.1°±14.6° (P=0.45).

Pelvic obliquity improved from 11°±11.3° preoperatively 

to 6.46°±6.7°, representing an improvement of 41.9% 
(P=0.001). Preoperative pelvic tilt was 18.6°±5.7° and 
postoperative pelvic tilt was 22.7°±3.1° (P=0.20). A summary 
of these data can be found in Table 1.

There were no postoperative vascular complications, 
nor were there any neurological complications secondary 
to screw malposition or correction maneuvers. There were 
no intraoperative neurophysiological events requiring 
implant repositioning or during reduction maneuvers. No 
surgical wound infections were reported. One patient (8.3%) 
developed pneumonia during admission. At postoperative 
follow-up, one patient was diagnosed with proximal 
junctional kyphosis and required reoperation, extending the 
proximal instrumentation from T10-L2 to T2.

Discussion

Surgical criteria in NMS is established after 45°, or when 
the patient’s quality of life is affected. It is essential in these 
patients to provide a safe, fast and reproducible method 
for the three-dimensional correction of the curve, in order 
to avoid greater morbidity and mortality. In addition, it is 
essential that patients and their families are assessed by a 
multidisciplinary team (1,3,15,16).

The scoliotic curve in NMS is usually C-shaped, 
causing a coronal imbalance reflected in an increased pelvic 
obliquity, which limits the ability to sit or ambulate (1).

There is great individual variability in vertebral 
pedicle morphology in patients with scoliosis, due to the 
pedicle hypoplasia found in these patients, mainly in the 
thoracic periapical concavity (3,9). Watanabe’s clinical  
classification (17) of pedicle morphology helps the surgeon to 
“feel” what type of pedicle he is faced with, finding that more 
than 30% of them have a narrow channel, or cortical bone. 
In addition, there are significant differences with respect 
to the side of the deformity, with pedicles in the convexity 
being wider than in the concavity, and at the level of the 
proximal thoracic spine. In curves >80°, they showed that this 
narrowing tendency of the pedicles was maintained (17).

Regarding the risk of suffering an intraoperative event 
according to the morphology of the spinal canal in the 
concavity of the curve, it was observed that the “type 3” 
vertebrae of the Sielatycki classification (18) presented a 
very high risk of invasion of the canal when the screw was 
introduced, this morphological type being more frequent in 
younger patients and in larger curves.

While there are multiple reports of pedicle morphology 
in AIS (17,19,20), less are reported of pedicle morphology 

Cobb angle: 48.1°

Figure 2 Postoperative teleradiograph one year after surgery in 
the same patient, a 17-year-old male, diagnosed with cerebral 
palsy. The black lines represent the endplate of the two terminal 
vertebrae.
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Table 1 Demographic data and pre- and postoperative (pre-op and post-op) radiological variables

Patient 
No.

Sex
Age 

(years)
Neuromuscular 

disease
Risser

Ability to 
ambulate

Number 
of levels 

instrumented

Cobb primary 
curve

Cobb secondary 
curve

Thoracic kyphosis Pelvic obliquity

Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op

1 M 17 Cerebral palsy 0 No 13 89.4° 48.1° 48.8° 31.3° 38.7° 36.7° 6.7° 2.9°

2 M 10 Myelomeningocele 2 Yes 10 49.5° 36.6° 20.3° 7.9° 45° 13.3º 5° 3.6°

3 F 16 Cerebral palsy 4 Yes 7 41.3° 35.1° – – 31.7° 15.2º 2.8° 3.2°

4 F 13 Cerebral palsy 2 Yes 16 64° 10.6° – – 29.7° 35.9° 7° 7.2°

5 F 16 Cerebral palsy 2 Yes 15 33.7° 26.7° – – 52.8° 24.1° 14.8° 13.9°

6 M 14 Duchenne muscular 
dystrophy

2 Yes 16 49.2° 40.9° 29.4° 6.7° 18.8° 19.7º 19.1° 9.7°

7 F 16 Cerebral palsy 4 Yes 16 35.4° 28.3° – – 58° 52° 13.8° 7°

8 F 15 Cerebral palsy 1 Yes 10 76° 10.2° – – 46.9° 17.3º 3.2° 0.7°

9 M 11 Cerebral palsy 2 No 17 52° 11.6° – – 60.2° 58.6° 43.1° 23.6°

10 F 7 Myelomeningocele 2 Yes 13 27° 28.3° 20.2° 12.1° 24° 26.7° 7.8° 0.8°

11 F 15 Cerebral palsy 3 No 14 62.6° 25.8° – – 43.1° 47.3° 4° 2.9°

12 F 7 Cerebral palsy 4 No 10 53.2° 12.3° 48.8° 33.9° 56° 46.5° 4.8° 2.1°

M, male; F, female.

in NMS. In a study by Wang in 2012 (21), it was observed 
that the narrowest pedicles were found at the level of the 
apex of the curve, on the concavity side, in patients with 
NMS secondary to Chiari malformation/syringomyelia. 
Furthermore, it is accepted that the dural sac at this level is 
further away on the convexity side (9).

Given that, in theory, pedicle screw insertion in the 
thoracic spine admits only a translational error of less than  
1 mm and a rotational error of less than 5° (9), and that 
more than 60 screws placed “free-hand” under the guidance 
of an experienced surgeon are necessary to obtain an 
adequate level of safety (22), there is an obvious need to 
clarify at which level and on which side of the curve pedicle 
screw insertion may present a lower risk of complications 
arising from the structures that may be injured.

On the left side at the upper thoracic level, anterior 
penetration places the aorta artery and oesophagus at risk, 
while in the right thoracolumbar area, it is the vena cava 
and azygos vein that are at risk (23,24). In addition, aortic 
imprinting by pedicle screws has been reported (25), with 
lateral wall violation found in up to 12.5% of implanted 
screws (11). In other studies, the lateral wall violation rate 
ranges from 1.5% to 43% (4,26-28), although these rates 
are expected to decrease with the implementation of new 
techniques assisted by robotic surgery (29,30), although this 

type of surgery is not yet available in most centres.
To our knowledge, unlike in AIS (10) there are no 

published results of scoliotic deformity correction in the 
subgroup of patients with NMS using the Convex Pedicle 
Screw Technique.

Regarding the correction of the Cobb angle of the 
greater curve, our results (49.1%) are similar to those 
of previously published literature using posterior 
instrumentation with pedicle screws, reporting corrections 
between 62.1% (31) and 69.8% (32); although in the latest 
systematic and narrative reviews, the percentage tends to 
be closer to 50%, given the heterogeneity and intrinsic 
difficulty of the curves of these patients (3,33).

Correction of pelvic obliquity is considered an essential 
parameter to be corrected in NMS, as this leads to a 
significant improvement in comfort and the development of 
chronic ulcers due to hyper-support areas in patients who 
move around in wheelchairs. Our improvement percentage 
is 41.9%, which is similar to results published with 
techniques with pedicle screw fixation (31).

In coronal balance, we obtained a correction of 69.4%, 
similar to previous studies with other techniques, between 
57.2% and 86.4% (15,16). Sagittal balance in our study 
improved by 75%, which favours postural control in both 
sitting and ambulation. Kyphosis experienced a variation 
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towards hypokyphosis of 22%, which although not 
statistically significant, did exhibit some tendency towards 
it. This not significant result is probably due to the small 
sample size, as the reduction technique used has been shown 
to reduce kyphosis in previous studies (34).

The mean postoperative stay was 8.8 days, shorter than 
in previous publications, probably due to the improvement 
in perioperative optimisation in recent years (15,35-37). 

The median operative time in our series (217 min) is 
shorter than that published in recent series (33), although 
it depends above all on the number of levels instrumented 
and the previous experience level of the surgical team. 
Correcting the deformity from the convexity of the curve 
allows screws to be implanted in an anatomically safer area, 
which may have influenced the operative time, but studies 
with a larger sample size and control group are needed to 
be able to make this assertion.

Surgical wound infection, in our case 0%, is very low 
compared to that published in recent systematic reviews, up 
to 10.9% (4,26). These results are not comparable due to 
the small sample size, which, if increased, would probably 
be closer to the percentage of infections published in 
these studies. The fact of better perioperative nutritional 
management (3) of these patients may have contributed 
to this infection rate. According to the latest data from 
the Scoliosis Research Society, surgical wound infection 
decreased since 2004-07 compared to the period 2012–2015 
by 10% (8).

It is common for patients with NMS to have greater 
blood loss than those with AIS (31). The mean blood loss 
was almost one litre (0.997 L), similar to that reported 
in previous studies using pedicle screws for deformity 
correction in NMS, being between 1 and 1.5 L (32).

Previous systematic reviews (26) have reported a 3% rate 
of general neurological complications after NMS surgery, 
whereas we report no intraoperative neurophysiological 
events and no cases of postoperative neurological deficits 
or neuropathic pain. A durotomy rate of 1.9% has been 
reported in paediatric patients with spinal deformities, 
especially in revision surgery, some of them associated with 
insertion of the probe in preparation of the pedicle screw 
hole (38).

The increase in the number of screws in the convexity, 
technically easier and with less neurovascular risk, makes it 
unnecessary to implant them in the apex of the concavity 
or bilaterally, reaching equally good corrections. The 
Convex Pedicle Screw Technique is an additional technique 
to the existing ones, especially useful in highly rotated 

columns with narrow pedicles, supported by sufficient 
evidence previously published on the anatomical advantages 
(3,9,17,18,21,23,24) for the implantation of pedicle screws 
on the convexity side of the curve. Since patients with NMS 
suffer from higher perioperative complications due to their 
baseline condition and chronic pathologies, it seems logical 
to opt for screw instrumentation in order to make the 
surgery as easy and reproducible as possible.

Our study is  not without l imitations,  given its 
retrospective nature and small sample size. In addition, 
the infection rate obtained probably corresponds to a 
selection bias, as we did not include in the study patients 
with previous interventions or with non-assessable 
teleradiographies, which usually correspond to patients with 
a worse baseline condition in whom standard radiological 
variables are impossible to measure. However, the aim 
of the study was to show the possibility of correcting the 
deformity from convexity in patients with NMS, in order to 
provide evidence in this regard, which may be extended in 
subsequent studies.

Conclusions

In conclusion, in our experience in the correction of 
paediatric scoliotic deformity secondary to neuromuscular 
diseases, we believe it is feasible to correct the deformity 
from the convexity, as the insertion of pedicle screws in 
this area is anatomically more favourable than from the 
concavity, and achieves results similar to those of other 
techniques.
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