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Abstract

Purpose To describe surgical outcomes using the new

device in pediatric neuromuscular scoliosis.

Methods All patients with neuromuscular disorders

requiring surgery with pelvic fixation for the correction of

scoliosis in the period 2002–2009 were operated by the new

pelvic rod fixation device. Coronal and sagittal alignment

before and after surgery until the latest follow-up were

evaluated by standard X-rays. Intraoperative and postoper-

ative complications were recorded.

Results All 18 study patients (mean age at surgery

15 years, range 10–27) achieved solid fusion at a mean

follow-up of 41 months. The coronal Cobb angle improved

from 82� ± 31� (range 36–168) to 33� ± 25� at the last

follow-up (range 9–95 months) (P \ 0.0001). Pelvic

obliquity improved from 19� ± 6� (range 10–30) to 5� ± 5�
(range 0–14) (P \ 0.0001). Early complications included

pneumonia, urinary tract infection, disseminated intravas-

cular coagulation (DIC), and hypovolemic shock. Three

patients required debriding and received prolonged antimi-

crobial therapy for deep wound infection (none required

implant removal). At the latest follow-up, no patient com-

plained of lumbar pain or worsening of ambulatory status or

level of activity.

Conclusion Surgery employing the new pelvic rod fixa-

tion device allowed solid fusion and fixation with signifi-

cant correction of multiplanar deformity, but the

complication rate was high.

Keywords Scoliosis � Neuromuscular � Pelvic obliquity

Introduction

Scoliosis is a very common feature in patients suffering

from various neuromuscular conditions [1]. A unique

C-shaped curve of the spine, rapid progression of the

condition, and pelvic obliquity are also often present [2].

Since conservative treatment is rarely effective, many of

these patients require surgery, including pelvic fixation and

correction of pelvic obliquity [1, 2], in order to obtain a

more balanced and comfortable sitting position, to resolve

pain, to improve functional status, to allow for independent

ambulation in a wheelchair, and to assist with nursing care

[3]. There are many good surgical options for achieving

these goals, but they mostly involve the correction of spinal

and pelvic deformity using the same rod. Patients who

undergo these procedures are reported to have a high rate

of complications, including respiratory dysfunction, wound

infection, pseudarthrosis, and failure of fixation [1, 2, 4–7].

Long spinal fusion to the sacrum remains one of the most

demanding challenges in terms of instrumentation, and

complications, such as material failure, loss of sacral fixa-

tion, loss of lumbar lordosis, and pseudarthrosis, are not

unusual [4–6]. These problems most typically originate in

the large lumbosacral loads, the substantial leverage applied

to the sacral screws, the posterior position of spinal implants

in the sagittal plane, and the frequently poor bone quality of

the sacrum [4, 8]. In addition, reduction of three-dimensional
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pelvic obliquity requires immediate stability in all three

planes [4]. We used a new pelvic rod fixation device and

conducted a clinical study to evaluate the surgical outcomes

using the addition of this device to an already existing system

in cases of pediatric neuromuscular scoliosis.

Materials and methods

Patients

All consecutive patients suffering from neuromuscular

conditions who underwent long spinal fusion with pelvic

fixation in our institution between November 2002 and April

2009 were operated by the same surgeon (DO) using the

Pivot Link Universal System (PLUS) (Figs. 1, 2, 3, and 4).

Their medical records and radiographs were retrospectively

reviewed after institutional review board approval had been

obtained to conduct this study. Patients who had undergone

spinal surgery in the past were excluded. Clinical evaluation

and complete radiologic analyses were performed preoper-

atively, postoperatively, and every 6–12 months during the

follow-up period.

Operative procedures

A tibial cortical bone graft was harvested as described by

Zeller et al. [9], after which pedicular screws or hooks were

placed along the spine through a posterior approach

according to the preoperative plan. Pedicular screws in S1

and/or L5 were placed either bilaterally at the same level or

one screw at each level on contralateral sides, with no

attachment to the main spinal rod. The posterior superior

iliac spine was exposed by dividing the paraspinal mus-

cles, and bony prominences were excised followed by

countersinking and insertion of a screw into the ileum deep

beneath the outer surface of the iliac wing. Either regular

7.5-mm full-threaded screws or special iliac screws (threa-

ded only at the mid-portion of the screw, Fig. 1) were used.

The iliac screw was inserted with one finger placed on the

outer surface of the ileum in order to guide the screw to the

preferred direction and to avoid penetration of the thin iliac

cortical wall. A PediGuard (SpineGuardTM, SpineGuard,

Inc., San Francisco, CA) was also used for this purpose inFig. 1 Partially threaded iliac screws of the pelvic rod system

Fig. 2 Pelvic rods (right and left sides)

Fig. 3 Domino connectors for the pelvic rod system
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procedures performed after 2007. Two long spinal rods were

then inserted, and correction of the spinal curve was carried

out by prebending the rod to allow correction by translation,

followed by in situ bending techniques. The rod had to have

3–4 cm of resilience distally to allow an easy connection

with the smaller special pelvic rods (Fig. 2). Two single

semi-open dominos were then placed, usually with their

closed ring on the pelvic rod, and the rods were inserted into

the pelvic screws (ileum ? S1 and/or L5), first on the con-

cave and then on the convex side of the tilted pelvis. Since

these rods are prebent, most of the sagittal correction

occured during insertion of the rod to its designated place

and connection to the dominos. Finally, half of the dominos’

knobs (Fig. 3) were tightened, and the rods were distracted

on their concave side, thereby, correcting the coronal pelvic

tilt by the sliding of the pelvic rods along the main spinal

rods. For very rigid curves, this process was repeated to

allow a safer and more gradual correction.

Medical data

Demographic, operative, and postoperative data were col-

lected from medical records. The ambulatory state was

classified according to the Gross Motor Function Classifi-

cation System (GMFCS) [10].

Radiographic measurements

Measurements were made on 36-inch-long cassette anter-

oposterior and lateral radiographs of the spine with the

patient standing or sitting. All films were digitized and then

analyzed by the same investigator. Radiographic analysis

included measurements of the Cobb angle of the major

curve, pelvic obliquity (the angle between a horizontal line

and a line drawn between the iliac crests), and lumbar

lordosis. Patients were categorized as being hyperlordotic

([50�) or hypolordotic (\20�). Bony changes, such as

radiolucent lines or sclerosis around the sacral rods or

screws, were identified and recorded.

Statistical analysis

Paired-sample t-tests were used to analyze differences

between preoperative and postoperative measures. All

statistical tests were two-tailed, and a P-value \0.05 was

considered to be significant. All statistical analyses were

conducted using Excel software (Windows 2007).

Results

Demographic and clinical data

Eighteen consecutive pediatric patients (10 females and 8

males) underwent long spinal fusion to the sacrum at a

mean age of 15 ± 3.7 years (range 10.6–27). All patients

were available for follow-up. The mean follow-up period

was 40.8 ± 25 months (range 8–86). The etiology of sco-

liosis was cerebral palsy in eight, myopathy in four, spinal

muscular atrophy in three, muscular dystrophy in two, and

Rett’s syndrome in one. Four patients were ambulatory

before surgery, while 14 were dependent upon wheelchairs.

Blood loss, operation time, and length of hospitalization

Surgery in all patients consisted of long spinal fusion from

T2 to the sacrum with the use of tibial cortical autografts.

The mean duration of surgery was 556 ± 140 min (range

341–755). There was a decrease in the mean total hemo-

globin level of 5.6 ± 1.1 g/dL (range 4.3–7.5) and

5.5 ± 3.2 units of packed red blood cells (range 0–11)

were required. The patients spent 4.8 ± 4.7 days in the

intensive care unit (range 1–18) and had a total hospital-

ization time of 12 ± 4.6 days (range 7–24).

Radiologic results

The main curve Cobb angle was a mean of 82.3� ± 31�
(range 36–168) preoperatively and 30.9� ± 22.2� (range

9–95) immediately after surgery (P \ 0.00001). At the latest

follow-up, the Cobb angle measured 33.4� ± 25.3� (range

9–95), representing a correction of 62.4 ± 18.2%. The mean

loss of correction between immediately postoperative and

the latest follow-up was 2.5�. There was no significant dif-

ference between the postoperative and the latest radiograph

measures in any of the parameters. Pelvic obliquity was

reduced from a mean of 19.3� ± 5.8� (range 10–30) pre-

operatively to 5� ± 4.7� (range 0–14) postoperatively (75%

correction, P \ 0.0001). There was no progression of pelvic

Fig. 4 The pelvic rod system implanted on a saw bone model
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obliquity, and obliquity of \15� was achieved and main-

tained in all patients.

Selected radiographic and clinical results are demon-

strated in Figs. 5, 6, 7, and 8. Five patients were categorized

preoperatively as being hyperlordotic (mean lumbar lordosis

angle of 61� ± 11�, range 50–76) and they achieved a mean

sagittal correction of 20� ± 12� (range 11–41). Four of these

five patients achieved a normal (\50�) lordotic curve. Two

other patients were hypolordotic preoperatively (0�–17�)
and their spines were corrected to a normal curve (28�–30�).

Functional status

Four patients (22.2%) who were partially ambulatory

(GMFCS level 3) and walked with crutches or a frame

before the operation maintained and slightly improved their

walking distance. Ten patients were GMFCS level 4, and

the remaining four were GMFCS level 5. One patient with

myopathy who was a nonwalker before the operation

managed to walk 50 m with assistance following the

operation. The four GMFCS level 5 nonambulatory

patients had needed a sitting orthosis to sit upright preop-

eratively; they were able to sit upright with the hips flexed

at 90� without bracing after the operation.

Complications

Three patients (16.7%) had early deep wound infection

(Pseudomonas aeruginosa, Acinetobacter baumannii, and

Staphylococcus aureus) and were successfully treated with

immediate surgical debridement and long-term intravenous

antimicrobial therapy. None required removal of the fixa-

tion device. Other postoperative complications included

pneumonia, urinary tract infection, seroma, disseminated

intravascular coagulation, and one patient with hypovole-

mic shock that required massive blood transfusion. All of

these complications were successfully treated with no

sequelae. One patient with spastic cerebral palsy had

dislodgement of a D2 laminar claw due to progressive

kyphosis above the level of fusion. A radiolucent area was

noted around the iliac screws within 2–3 months following

the operation in four patients, and long-term solid fusion

was achieved in them all, both clinically and radiographi-

cally, with no progression of the radiolucent lines.

Discussion

Sacral fixation remains a surgical challenge, especially in

the pediatric neuromuscular scoliosis population. The sur-

gical device and technique must provide a comfortable and

reliable platform for the correction of spinal and pelvic

deformities in all three planes and a strong and stable

structure for fixation. Bulky prominences that may cause

skin problems must be avoided. There are many techniques

currently available for this purpose [4]. The severity of the

spinal and pelvic deformities, the presence and severity of

osteopenia, poor skin coverage, and general medical

fragility in neuromuscular scoliosis patients also contribute

to the complexity of the issue [4, 11]. Biomechanically,

Fig. 5 Preoperative anteroposterior X-ray spine of a 16-year-old

patient with cerebral palsy. The main curve Cobb angle is 95� and the

pelvic obliquity is 20�

Fig. 6 An anteroposterior X-ray spine taken 50 months following

surgical correction. The residual main curve Cobb angle is 32� and

the pelvic obliquity is 2�
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a sitting posture produces a considerable flexion moment

on the sacropelvic instrumentation as a result of the long

lever arm of the fused spine, thereby, accelerating sec-

ondary failure [4]. Scoliotic curve and pelvic obliquity are

to be corrected in all three planes and tailored individually

to each patient to allow for a comfortable sitting posture

and to prevent pressure points and decubitus ulcers as in a

kyphotic or a hyperlordotic spine. The anatomy of the iliac

bone can also be a cause of concern, since the ilium may be

too thin to contain the rods in children with neuromuscular

scoliosis [4].

Historically, pelvic fixation techniques have evolved,

beginning with the Galveston technique, and followed by

the Dunn–McCarthy technique, sacral screws plates and

rods, iliosacral screws, and iliac screws [2].

The Galveston technique

This was described in 1984 [12] and reportedly achieved

53–81% correction of pelvic obliquity [2]. However, in

comparison to fixation with iliac screws, the Galveston

technique was found to provide less stable fixation, as

Fig. 7 a Preoperative and

b postoperative posterior view

standing photos of a 14-year old

patient with spinal muscular

atrophy 3. Note correction of

the scoliotic curve and pelvic

obliquity

Fig. 8 a Preoperative and

b postoperative posterior view

forward bending photos of a

14-year-old patient with spinal

muscular atrophy 3. Note

correction of the scoliotic curve

and rib hump
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demonstrated by the worsening of pelvic tilt during the

follow-up period and loss of correction, as well as signif-

icantly more iliac anchor motion (‘‘windshield wiper’’

effect) [2, 4, 13]. The Galveston technique is also associ-

ated with a high rate (up to 32%) of rod- and screw-related

complications, probably due to the long lever arm and to

the high loads placed on the lumbosacral area and fixation

device. Also, the use of the Galveston rod requires complex

three-dimensional bending [2].

The unit rod

This is a low-cost popular modification of the Galveston

technique, described as being easy to use. However, its use

may be complicated by perforation of the iliac bone cortex

during insertion, skin ulcers caused by prominent rods,

screws, or wires, and loss of correction over time [14, 15].

The Dunn–McCarthy technique

This uses an S-shaped sacral rod and has been reported to

achieve good long-term results in patients with spine

deformities [16]. However, mechanical complications, such

as rod migration into the sacrum or rod dislodgement, were

reported in 4.5% of the patients [4] and damage to the L5

nerve root was reported in up to 14% of the patients [16].

Sacral screws

These devices were reported to be an unreliable means of

long spinal fixation. Both biomechanical and clinical eval-

uations showed that its use resulted in immediate (intraop-

erative) or secondary failure following pull-out of the

screws. Correct screw positioning can also be difficult,

especially in severe pelvic obliquity, and the use of these

screws carries a potential risk of neurovascular damage. It

should probably not be used for long spinal fusions [4, 6, 17].

Iliosacral screw fixation

First described by Dubousset in 1997 [6], this has been

reported to be a good technique for pelvic obliquity

reduction and fusion [4, 6, 18]. It offers good stability in

the frontal plane, but is less effective in the correction of

sagittal plane deformities [4] and was associated with ili-

osacral screw mobilization and disengagement that neces-

sitated repeated surgical intervention [6, 18].

Intrasacral rod fixation

This was first described by Jackson in 1990 [6], who

inserted two rods beyond the sacral screws into the lateral

sacral mass distal to S3. This method has multiple points of

three-dimensional stability and allows for mobilization or

manipulation of the sacrum in different planes, facilitating

three-dimensional reduction of pelvic obliquity. The use of

the intrasacral rod was recently reported to achieve good

correction of pelvic deformity in the coronal and sagittal

planes, with no complications related to the rods in the

pelvic area, although 7.1% of the patients suffered radic-

ular pain at the L4, L5, and S1 levels [4]. Correction was

maintained until the last follow-up, and the authors con-

cluded that this was a stable and effective technique for

pelvic fixation, relating the neurologic complications to the

extensive correction that had been required during the

operation [4].

Iliac screws

Phillips et al. [11] described the results of 50 patients with

neuromuscular scoliosis treated with iliac screw fixation

and followed up for 5 years. Those authors reported a 59%

pelvic deformity correction, with 44% of their patients

having suffered complications related to the loosening and

breakage of rods, wires, and screws. These were more often

seen in patients treated with one screw compared to those

treated with two screws in each ilium [11]. Modi et al. [1]

described pelvic fixation with the use of a single iliac screw

connected to the main rod in the correction of scoliosis in

52 patients with cerebral palsy. Attempts to correct the

pelvic obliquity of one of their ten patients who had pelvis

obliquity of more than 15� failed, and the successful cor-

rection in three others deteriorated and was lost with time.

They achieved a 65% correction of pelvic obliquity post-

operatively for the entire cohort, but this figure dropped to

only 49% at the last follow-up [1]. Hahn et al. [19] treated

20 patients with Duchenne muscular dystrophy using

pedicular screws through L5 and pelvic fixation with iliac

screws alone. They reported a 55% correction of pelvic tilt

and significant improvement in lumbar lordosis, and that

there were no complications related to the fixation devices

[19]. Pedicular screws have the advantage of stabilizing all

three columns of the spine and of creating a more stable

construct compared with other techniques, in addition to

enabling a posterior-only approach [1].

It has been described that, in cases of severe rigid pelvic

obliquity and scoliotic curve, vertebral decancellation or

multilevel vertebral osteotomies can be used to achieve

better correction. These techniques can eliminate the need

for a combined anterior and posterior approach and

potentially decrease complications [20].

The new technique described is unique for a number of

reasons. We believe that the use of tibial cortical bone graft

contributes to the high rate of fusion that was achieved in

our hands. Iliac screws and pedicular sacral screws pro-

vided a strong pelvic anchor that allowed good correction
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of pelvic deformity in the coronal and sagittal planes

without loss of correction throughout follow-up and with

only a very limited amount of movement (as demonstrated

by the ‘‘windshield wiper’’ effect). Biomechanical works

support the advantage of iliac and sacral fixation using

screws over the Galveston rod-based technique in resisting

flexion and extension forces [8]. The main curve coronal

correction of 63% in our cohort is well within the previ-

ously reported range of 42–70% in similar works [5, 6].

Pelvic obliquity was corrected by 75% in our study group,

compared with the previously reported range of 45–84% in

similar patient populations using different techniques

[5, 6]. The prebent configuration of the sacral rods allows

for most of the correction, mainly in the sagittal plane, to

take place before performing manipulations, and, thus,

prevents loosening of the screws. We believe that the

distraction–contraction method also contributed to this rate

of successful correction while avoiding the intraoperative

loosening of the pelvic screws caused by the excessive

manipulations of other methods: we were able to correct

coronal deformity separately from the main spinal or sag-

ittal pelvic deformities. Furthermore, with this technique,

the main and pelvic rods connect in the coronal plane, and

are, therefore, not prominent and do not cause skin ulcers

or delayed surgical wound closure (Fig. 4). Zahi et al. [18]

also reported the use of short pelvic rods that connect to a

main spinal rod and anchor the pelvis with iliosacral

screws. They concluded that the use of a short rod

and connectors simplifies the procedure and allows

good coronal correction by using a distraction–contraction

technique. The use of separate pelvic and spinal rods had

been described with simultaneous correction of the pelvic

and of the spinal deformities [21], mostly using translation

forces. We believe that, when correction of the coronal

pelvic tilt is performed last, better distribution of forces is

allowed, which, of course, is especially important for

neuromuscular patients, who often suffer from low bone

quality and osteopenia.

The mean operative time reported in this study is

somewhat prolonged compared to other reports (556 min

compared to 330–420 min in the literature), probably due

to the fact that it includes the time required for tibial graft

harvesting [5]. In addition, our calculations included two

patients who underwent a combined anterior release

immediately followed by a posterior fusion operation.

General postoperative complications in patients with neu-

romuscular scoliosis vary between 8 and 62%, and the

mean estimated blood loss is 3,091 ml (range 500–8,000)

following long spinal fusion [1, 5]. Infection rates are

particularly high in neuromuscular patients and have a

deleterious effect on outcome [7]. Our figures fall within

these ranges.

Limitations of the methodology

This is a noncontrolled retrospective study. The small size

of our patient population lacks power and does not allow

for categorization according to etiology.

Conclusion

The use of a novel short pelvic rod and domino construc-

tion for the correction and fixation of pelvic tilt allows

good correction of pelvic obliquity without compromising

the ability of correcting the main scoliotic deformities in

the coronal and sagittal planes. Solid fusion can generally

be expected and lead to improved sitting position and

weaning from orthotics in some patients. The rate of

associated complications is of concern.
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