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ABSTRACT

Background: Wiltse approaches have been shown to reduce operative blood loss and enhance recovery in lumbar

spinal surgery; however, their efficacy in neuromuscular scoliosis (NMS) deformity correction has never been assessed.
Thus, the purpose of this study was to compare the outcomes of deformity correction requiring pelvic fixation in NMS
performed through a Wiltse approach in contrast to a standard midline approach.

Methods: This is a retrospective review of 24 consecutive children with NMS undergoing deformity correction by a
single surgeon in our institution. Patient demographic data, operative time, blood loss, curve correction, length of stay,
and complications were recorded.

Results: In 16 children, the procedure was performed through a Wiltse approach and in 8 through a midline

approach. There was no significant difference in age, sex, preoperative Cobb angle, or number of levels fused. Patients
who underwent a Wiltse approach had significantly less blood loss yet similar curve correction. The hospital length of
stay and complication rate were not significantly different between the groups.

Conclusions: A modified Wiltse approach can be safely used for NMS deformity correction. This approach
achieves similar curve corrections to a traditional midline approach with less blood loss and no need for iliac screw
connectors.

Level of Evidence: 3.
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INTRODUCTION

Neuromuscular scoliosis (NMS) is a challenging
condition to treat and often progresses with nonop-
erative care.1,2 Operative intervention is therefore
commonly considered in order to align the spine for
optimal internal organ physiology as well as ease of
personal care with symmetrical loading in an erect
posture.1,3 Because of the poor motor control related
to the underlying condition, the large number of
vertebrae involved in the scoliosis, and the frequency
of pelvic obliquity, rigid fixation extending to the
pelvis is usually warranted.1

Multiple options exist for pelvic fixation, includ-
ing sacral screws, sacroiliac screws, and iliac
screws.4 Sacral screws offer multiple fixation points
and the potential for bicortical fixation. In addition,
the screw heads align with the pedicle screws of the
spine, negating the need for connectors. However,
sacral screws do not directly disperse the load into

the surrounding pelvis and therefore risk failure due
to overcoming of the constructs biomechanical
stability or adjacent sacroiliac joint disease.5,6

In order to disperse the load and increase the
screw length, size, and strength, sacroiliac screws or
ilio-sacral bolts can be used. These maintain the
screw heads in-line with the spinal pedicle screws
but can be challenging to insert and transfix the
sacroiliac joint, reducing pelvic micromotion. Iliac
screws offer an attractive alternative to increase the
dispersion of the biomechanical load to the pelvis
without violating the sacroiliac joint.7 However,
these screws lie lateral to the alignment of spinal
pedicle screws, are challenging to insert, and may be
prominent, thus causing metalware irritation.8

Deformity correction extending to the pelvis with
the use of iliac screws is most commonly performed
through a midline approach with elevation of the
erector musculature from the posterior iliac brim



and posterior spinal elements to allow access for
screw insertion. However, midline approaches in-
volve significant soft tissue mobilization that risks
increased blood loss, surgical site infection, and
posterior musculature denervation; therefore, a
Wiltse technique has been advocated for posterior
spinal fixation.9 In addition, midline posterior
approaches in children with posterior element
deficiencies, often identified in NMS, risk neurolog-
ical or dural injury; thus, more lateral Wiltse
approaches are presumed to be safer.

We have adopted a modified Wiltse technique for
deformity correction in children with NMS in the
belief that it has a lower complication profile with
respect to soft tissue injury, posterior musculature
function, midline neural injury, and operative blood
loss while still achieving satisfactory deformity
correction without an increase in complication
profile. This study compares the outcome of our
patients with NMS who have undergone deformity
correction through a modified Wiltse technique and
a standard midline technique.

METHODS

We performed a retrospective review of 24
consecutive children with NMS undergoing defor-
mity correction by the senior author (CN) from the
upper thoracic spine to the pelvis. Institutional
review board approval was obtained, but patient
consent was not felt necessary because of the
retrospective nature of this study. Inclusion criteria
were all children, under the age of 18 years,
undergoing deformity correction with a diagnosis
of NMS. This was a consecutive series, and our only
exclusion criterion was a minimum 1-year follow-
up. Of the 24 consecutive children included, the first
8 underwent a midline approach, as this was initially
our preferred approach. The subsequent 16 under-
went deformity correction using a Wiltse approach.
We compared the operative time, estimated blood
loss (EBL), deformity correction, hospital length of
stay (LOS), and complication risks between those
undergoing a modified Wiltse approach and those
with a midline approach.

The patient weight and age (defined as age in
years) was recorded at the time of the procedure.
Similarly, their Gross Motor Function Classifica-
tion System, vocalization, and gastric feeding
requirements were recorded immediately prior to
surgery. The Cobb angle was defined as the major
coronal Cobb angle, which was recorded preoper-
atively and at final follow-up. Similarly, the pelvic

incidence, sacral slope, lumbar lordosis, thoracic
kyphosis, and spino-sacral angle were recorded
preoperatively and at final follow-up. The operative
time was recorded at the time of the procedure from
the time of the incision until completion of the
wound closure and application of the dressings.
EBL was recorded by a blood transfusion expert
from the suction volume and weighing of swabs.
The time, in days, in the intensive care unit (ICU)
was attained from the notes, as was the hospital
(LOS and complications.

Surgical Approach

All patients underwent a general anesthetic with
neuromonitoring and were positioned prone on
bolsters. All patients received weight-specific doses
of tranexamic acid and intrathecal morphine. A
midline skin incision was used in all patients. After
the respective approaches, the facet joints included
in the fusion were excised to enhance fusion. Pedicle
screws were inserted using standard anatomical
landmarks. Bilateral L5 pedicle screws were used
in all cases. Once the pedicle screws were inserted,
we inserted the iliac screw. We did not utilize
intraoperative navigation, only fluoroscopy; there-
fore, palpation was used to guide the iliac screw
trajectory by sliding the index finger over the
thickened outer table of the lower ilium. Our entry
point was deliberately positioned low on the
posterior-superior iliac spine (PSIS) to ensure that
the screw head was not prominent. We utilized
Solera instrumentation and the Ballast iliac screw
(Medtronic Ltd, Dublin, Ireland) because the screw
head is flush, and we felt this was less likely to cause
soft tissue irritation. We utilized 2 6.0-mm titanium
rods, which were connected with a cross connector
to enhance stability. Wounds were closed in layers
with vicryl to the iliolumbar fascia and subcutane-
ous tissue and monocryl to the skin. Dry dressings
were applied without negative pressure therapy. No
plastic surgical input was utilized.

Modified Wiltse Approach (Figure 1)

After a midline skin incision, a modified bilateral
Wiltse approach was used to expose the PSIS, facet
joints, and pars of the lumbar spine through a plane
between multifidus and longissimus. The distal
border of the plane is the PSIS, which was exposed
by elevating the periosteum from the inner and
outer tables of the ilium. A standard midline
dissection (described below) was used in the mid-
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and upper-thoracic spine to avoid incision of the
latissimus dorsi, trapezius, and peri-scapular mus-
culature necessary with a para-midline incision.
After facet preparation, screw insertion was per-
formed. The rod was then inserted by submuscular
tunneling between the Wiltse and midline incision.
Deformity correction was performed, and then the
thoraco-dorsal fascia incisions, including the inser-
tion onto the iliac crest, were closed. The subcuta-
neous fat and midline skin incisions were then
closed without a drain.

Midline Approach

After the skin incision, the thoraco-dorsal fascia
was elevated from the spinous processes and the
paraspinal musculature elevated from the posterior
spine to fully expose the facet joints. The PSIS was
exposed by elevation of the posterior musculature.
After facet preparation, screw and rod insertion, and
deformity correction, we repaired the thoraco-dorsal
fascia incision. The subcutaneous fat and midline
skin incisions were then closed without a drain.

Statistical Analysis

Statistical analysis was performed using SPSS
software (IBM Corp, Armonk, NY). The Mann-
Whitney U test and Fisher exact test were used to
compare demographic and operative data, including
curve correction. A t test was used to compare pre-
and postoperative curve parameters as well as the
mean complication rate of the 2 groups. A P value
,.05 was considered to be statistically significant.

RESULTS

There were no children excluded from the study.
The comparative demographics and curve severity
between the groups are shown in Table 1. No
statistically significant differences were identified

between the groups. All patients in the midline
group had cerebral palsy (CP). In the Wiltse group,
11 had CP, 1 had Rett syndrome, 1 had cortical
dysplasia, 1 had spina bifida, and 1 had an inverted
chromosomal duplication of 8P.

The procedural details are shown in Table 2. The
number of levels incorporated and the LOS in both
the ICU and the hospital were similar. A reduced
operative time was found for the Wiltse technique;
however, this was not statistically significant. The
EBL was significantly less with a Wiltse approach (P
¼ .001). No connectors were required between the
iliac screw and rod in the Wiltse approach, but
connectors were always used in the midline ap-
proach.

The surgical correction and complications are
shown in Table 3. The curve correction was similar
between the groups (P ¼ .496) (Figure 2). Four
patients in the Wiltse group and 4 in the midline
group experienced a surgical complication (P ¼
.134). No patients in the Wiltse group had
prominent metalware, but 3 experienced an infec-
tion, and 1 had a rod breakage. In contrast, 1
patient had metalware prominence; 2 experienced
an infection and 1 developed adjacent segment
disease in those with a midline approach.

DISCUSSION

This study is the first to describe a modified
Wiltse technique and compare it to a standard
midline approach for spinal deformity correction in
children with NMS. Our results have shown a
reduced blood loss with equivalent curve correction

Figure 1. Selected images of a cadaveric example with a unilateral Wiltse

approach for insertion of ilio-lumbar fixation. Image (a) illustrates the metalware in

situ with image (b) illustrating the ilio-lumbar fixation. Image (c) shows soft tissue

apposition and ease of coverage of the instrumentation, including the iliac screw.

Table 1. Demographic and curve comparison between the groups (mean with

standard deviation in parentheses).

Midline Wiltse P Value

No. of patients 8 16
Age (y) 14.7 (2.8) 14.0 (3.5) .606
Sex 5 male, 3 female 8 male, 8 female 1.00
Weight (kg) 38.1 (18.0) 35.5 (12.8) .725
GMFCS
3 1 2
4 2 5
5 5 8

Nonverbal 2 7 .648
Nasogastric tube or
gastrostomy

3 10 .376

Pelvic incidence (8) 45.6 (10.7) 46.2 (14.2) .972
Sacral slope (8) 34.9 (24.6) 21 (28.2) .436
Lumbar lordosis (8) 37.6 (31.5) 36.8 (36.5) .934
Thoracic kyphosis (8) 27.9 (13.5) 36.1 (22.2) .481
Major Cobb angle (8) 82.1 (23.8) 87.1 (23.0) .623
Spino-sacral angle (8) �3.0 (35.6) 10.0 (18.2) .115
Follow-up (mo)
Mean 85.2 (23.8) 32.0 (14.0) .085
Range 53–119 16–65
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and complication rates. Furthermore, the operative
time, although not statistically significant, was less
in the Wiltse technique despite more levels being
incorporated in this group.

We initially used a standard midline approach in
the first 8 children because this was the preferred
technique at the time. However, at the end of 2014,
we elected to change our approach to a modified
Wiltse approach because we felt that the reduced
muscle elevation could improve early functional
outcome and LOS. In comparing the groups, we feel
that they are comparable, with no significant
difference in age, sex, curve severity, and number of
levels fused. However, because of the distinct time
point for our change in surgical approach, patients
with a midline incision had a longer follow-up.

Overall, we found a reduced operative time and
significantly reduced blood loss in patients under-
going a modified Wiltse technique. This is consistent
with previous authors who have identified a reduced
blood loss in adult spinal fusions with a Wiltse
technique and is believed to be because the Wiltse
approach is an intermuscular avascular plane.9,10

Similarly, because this approach is muscle spar-
ing, previous authors have proposed that it enhanc-
es recovery and reduces hospital LOS.10,11 Our
results did not demonstrate a significant difference
in either ICU or hospital LOS. Further research
with greater patient numbers is warranted in order

to identify whether there is a significant difference in
these outcomes.

The overall complication rate was halved in the
Wiltse group compared to the midline group,
although this may be attributed to the longer
follow-up in the midline group. Infection was the
most common complication, consistent with previ-
ous reports of deformity correction in NMS.12 No
significant difference in infection rate was identified
between the groups. Because no patients experi-
enced a neurological injury in either group, we
cannot confirm that a Wiltse technique is useful in
patients with spinal dysraphism and posterior
element defects, where a midline approach may
endanger the unprotected neural elements. In
addition, this approach allows a more oblique
pedicle screw entry that ensures that the screw
heads, including the iliac screw, line up and
therefore do not require rod connectors.

No patients had prominent metalware in the
Wiltse technique group in contrast to 1 in the midline
group. We feel that the iliac screw insertion point and
subsequent screw head position can be equally placed
through a Wiltse or midline approach but advocate
an anterior starting position to ensure that the head
is not prominent. Previous authors have suggested
that 2 iliac screws per hemi-pelvis provides more rigid
fixation and fewer implant failures.13 We have not
assessed this technique but feel that the addition of a

Table 2. The procedural and perioperative comparison between the groups (mean with standard deviation in parentheses).

Number of Levels Operative Time

Estimated Blood

Loss (mL)

Intensive Care Unit

Length of Stay (d) Hospital Length of Stay (d)

Wiltse 16.2 (0.41) 296.9 (57.3) 795.3 (370.5) 3.0 (1.5) 14.1 (14.7)
Midline 15.8 (0.46) 340.9 (79.7) 2438.9 (1635.7) 2.3 (1.6) 15.1 (8.0)
P value .131 .169 .001 .367 .089

Table 3. Curve correction and complication comparison between the groups

(mean with standard deviation in parentheses).

Midline Wiltse P Value

Postoperative Cobb angle (8) 52.3 (20.9) 61.8 (22.1) .319
Cobb correction (8) 29.8 (12.5) 25.3 (16.3) .496
Sacral slope (8) 34.8 (18.0) 28.5 (18.0) .434
Lumbar lordosis (8) 64.5 (22.0) 51.3 (24.1) .21
Thoracic kyphosis (8) 31.8 (17.1) 38.6 (14.8) .331
Spino-sacral angle (8) 1.6 (14.5) 1.9 (14.2) .962
Complication
Infection 2 3
Metalware prominence 1 0
Rod breakage 0 1
Adjacent segment disease 1 0
Symptomatic seroma 0 0
Pseudarthrosis 0 0
Screw loosening 0 0

Reoperations 2 3 .736

Figure 2. A representative case of a 35-kg male with a Gross Motor Function

Classification System (GMFCS) 3 neuromuscular scoliosis who underwent a

T3-pelvis fusion through a Wiltse approach. Preoperative and 2-year

postoperative radiographs are shown.
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second iliac screw, if required, is easily inserted
through either approach.

We used a midline incision in all patients in case
of a future revision. However, the Wiltse approach
requires undermining of the adipose tissue along the
thoraco-dorsal fascia. Although none of our pa-
tients developed a hematoma or seroma, this
remains a concern, and consideration of para-
median skin incisions should be given.

This study has a number of limitations. First, it is
limited by its small numbers, which we feel relates to
the lack of statistical significance in some of the
defined outcome measures, particularly hospital
LOS. Second, the multitude of conditions causing
NMS and the variance in curve types further limit
the interpretation of these results. Third, we
analyzed a single surgeon’s results to limit surgeon
variance, but further research is necessary to
validate this approach by others. Fourth, the
shorter follow-up in the Wiltse group may confound
complication outcomes. This is particularly of
concern with definitive fusion, where the Wiltse
technique limits the surface area for bony fusion.
However, at a minimum 16-month follow-up, there
remain no cases of symptomatic nonfusion. Finally,
radiological follow-up was based on x-rays, which
limits our capacity to determine definitive fusion.

In conclusion, a modified Wiltse approach can be
safely used for NMS deformity correction. This
approach achieves similar curve corrections to a
traditional midline approach but with less blood
loss and no need for iliac screw connectors.
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