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Surgical Correction of Scoliosis in Pediatric
Patients With Cerebral Palsy Using the
Unit Rod Instrumentation

Athanasios I. Tsirikos, MD, FRCS,*† Glen Lipton, MD,‡ Wei-Ning Chang, MD,*§
Kirk W. Dabney, MD,¶ and Freeman Miller, MD¶

Study Design. Retrospective clinical and radiographic
consecutive case series of 2 surgeons.

Objective. The purpose of this study was to present a
large consecutive series of patients with cerebral palsy
who were treated with the Unit rod instrumentation at a
single institution. The goal was to report the incidence of
surgical complications, degree of deformity correction,
reoperation rate, prevalence of pseudarthrosis, and the
caretakers’ perceived outcome.

Summary of Background Data. Children with cerebral
palsy frequently develop scoliosis that requires surgical
correction. Segmental instrumentation has been the pri-
mary mode of treatment. There are no reported large
series with long-term follow up.

Methods. This study was a retrospective review of 287
children treated with the Unit rod instrumentation. This
instrumentation with fusion included the whole spine (be-
tween C7 and T3 into the pelvis) with 242 posterior-only
and 45 anterior-posterior procedures. Of this group, 241
patients were observed for more than 2 years. This review
focused on the rate of complications and radiographic
outcome of the treatment. Parent and caretaker inter-
views were conducted to define perceived functional out-
come after surgery.

Results. Scoliosis was corrected from a mean of 76° to
25° (68%). Pelvic obliquity was corrected from a mean of
17° to 5° (71%). In posterior-only procedures the average
blood loss was 2.8 L, ICU stay was 4.9 days, and the
hospital stay was 19.6 days. In combined procedures, the
average blood loss was 3.4 L, ICU stay was 6.7 days, and
the hospital stay was 24.5 days. Major complications in-
cluded 3 perioperative deaths, 18 deep wound infections
[12 early deep infections in a total of 287 patients (4.2%);
6 late deep infections in a total of 236 patients (2.5%)], and
2 patients with septicemia who recovered after prolonged
antibiotic management. Caretakers’ survey reported a
96% satisfaction rate.

Conclusion. The Unit rod instrumentation is a com-
mon standard technique and the primary instrumentation
system for the treatment of pediatric patients with cere-
bral palsy and neuromuscular scoliosis because it is sim-
ple to use, it is considerably less expensive than most
other systems, and can achieve good deformity correc-
tion with a low loss of correction, as well as a low prev-
alence of associated complications and a low reoperation
rate.
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Cerebral palsy (CP) is a static encephalopathy affecting
the immature brain potentially leading to permanent mo-
tor disability and frequent spinal deformity. The overall
incidence of spine deformity in CP has been reported at
20% to 25%, ranging from 5% in spastic diplegia to
64% to 74% in spastic quadriplegia,1–3 and is propor-
tionate to the severity of neurologic impairment1,4–10

and ambulatory ability.4,11 Scoliosis represents the most
common pattern of spinal deformity in this group of
patients. Scoliosis in CP is not responsive to orthotic
management and causes significant trunk and pelvic im-
balance.1,4–7,12–15 During pubertal growth, the curve
progresses rapidly at 2° to 4° per month,13,16 curve stiff-
ness increases, and progression occurs after skeletal
growth ends.13,14,17 Pelvic obliquity develops secondary
to the scoliotic deformity extending to the pelvis or by
means of asymmetric hip contractures.5,12

Instrumentation for the treatment of scoliosis in CP
has evolved over time. Harrington instrumentation had a
high incidence of pseudarthrosis and curve deteriora-
tion.18–20 Luque developed the concept of segmental spi-
nal fixation with sublaminar wires.18 The Galveston
technique of intramedullary rod placement into the iliac
diaphysis improved pelvic fixation.21,22 The Unit rod in-
strumentation was developed to use the Galveston pelvic
fixation and sublaminar wires with a single rod to im-
prove construct stiffness.23,24 Previous reports have indi-
cated early success with the use of the Unit rod in the
treatment of neuromuscular scoliosis,25 however, there
has not been a large series with long-term follow up to
evaluate the outcome of this instrumentation in children
with cerebral palsy. The goal of this study is to report the
incidence of surgical complications, degree of deformity
correction, reoperation rate, prevalence of pseudarthro-
sis, and the caretakers’ perceived outcome of a large se-
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ries of CP patients with scoliosis treated by instrumenta-
tion with the Unit rod.

Materials and Methods

The medical records and spine radiographs of 287 consecutive
patients with CP and neuromuscular spine deformity who un-
derwent Unit rod instrumentation with fusion to the pelvis
between 1988 and 2000 at the AI duPont Hospital for Children
by the 2 senior authors were reviewed. The reviews of the
medical records, as well as the radiologic assessments were
conducted by the authors who did not participate in any of the
surgical procedures. Excluded from this review were revision
procedures, spine fusions that did not extend to the pelvis, and
any neuromuscular deformity not due to brain encephalopa-
thy. The study included 153 females and 134 males whose age
at surgery was 13.9 � 3.3 years. The pattern of involvement
was quadriplegic in 282 and diplegic in 5; 249 had no ambu-
latory function, 14 could stand for assistive transfers, and 24
were community ambulators; 227 had severe mental retarda-
tion, 26 had moderate mental retardation, and 34 patients had
normal cognitive function. A detailed retrospective chart re-
view was preformed. The surgical complications were divided
into intraoperative and postoperative. Postoperative complica-
tions were subdivided into early, occurring within the first 6
weeks postop, and late. Spine radiographs were taken with the
patient standing for walking patients, or sitting on a specialized
seating chair for patients who were wheelchair dependent and
were all measured by the first author using the Cobb method.26

A telephone survey of the parents or primary caregivers of
our patients was performed. A nonvalidated questionnaire as-
sessing patients’ functional improvement after spinal arthrode-
sis was formulated and administered to the parents through a
telephone interview conducted by an independent investigator
who did not have medical background and who was unrelated
to the surgical team. The questionnaire focused on evaluating
the effectiveness of the surgery on correcting spinal deformity,
improving patients’ physical appearance, ability to lie in bed,
sitting tolerance, ability to stand or walk, head control, ability
to eat or feed, respiratory function, back pain, mental capacity,
ability to use hands, and ease of care, particularly bathing and
dressing.

We were unable to follow 26 patients for a minimum of 2
years in our pediatric institution because they exceeded the age
limit of 21 years (mean follow-up, 1.1 year). Also 12 patients
failed to follow-up before the 2-year clinical visit. Five died
before their 2-year follow-up, unrelated to the spinal arthrode-
sis and 3 died acutely. Therefore, the 241 patients who were
followed for more than 2 years (mean, 8.3 � 3.0) after their
spinal arthrodesis were included in our long-term assessment.
The follow-ups occurred in the cerebral palsy clinic as part of
the routine clinical management by the operating surgeons.
Final radiographic follow up was shorter since we did not make
radiographs at each visit. Radiographic follow up (�2 years)
was 3.9 � 2.4 years in 193 patients. Complications, both in-
traoperative and early postoperative, are reported on the whole
group of 287 patients.

Surgical Technique and Postoperative Protocol
The operative indication was for scoliosis of greater then 40° at
the completion of growth or when growing children were hav-
ing problems sitting or developing curve stiffness to the point
that might require anterior release. Our goal was to avoid an-
terior release, but allow the child to have the potential for the

maximum longitudinal growth. All patients, regardless of neu-
rologic severity, were offered spine fusions if the examining
surgeon felt the child could tolerate the procedure. During this
study period 3 children were refused surgery by the surgeon
because their health was too fragile and the curves were too
large; all 3 died with in 18 months. Indications for an anterior
spinal release and fusion included severe curves over 100° with
increased rigidity determined by side bending on physical ex-
amination. Radiographs in side bending were not used in sur-
gical planning. The goal of the anterior approach was to im-
prove flexibility, anterior instrumentation was never used.
Anterior release was also used for some stiff kyphotic deformi-
ties and large lordotic deformities.

The Unit rod instrumentation used in this study is a com-
pletely precontoured quarter inch (98% of cases) or 3/8 inch
diameter rod (Jantek, Paso Robles, CA). The Unit rod was
always used with the spinal arthrodesis with the goal to fuse to
T1 to prevent follow up curves. If there is severe upper thoracic
kyphosis we may extend to C7, however, T2 or T3 is adequate
if the upper thoracic kyphosis is normal. Decortication of the
transverse processes and lateral laminae with extensive facet-
ectomies were routinely performed and the posterior spinal
instrumentation was always reinforced with abundant freeze-
dried granulated corticocancellous bone allograft mixed with
autogenous bone harvested from the spinous processes.
Wound drains were not used, but there was a meticulous clo-
sure of the lumbosacral fascia to obliterate dead space and
prevent leakage of the deep hematoma.

All patients received prophylactic antibiotic treatment. Af-
ter anesthesia induction, arterial and central venous lines were
placed. Spinal cord monitoring with somatosensory and mo-
tor-evoked potentials was performed only in the ambulatory
patients. The patients were transferred to the ICU in the imme-
diate postoperative period. Nutritional support was provided
by central venous hyperalimentation followed by nasogastric,
nasojejunal or gastrostomy feeding based on individual need.
No postoperative immobilization was used and a physical ther-
apy program was started when the patient was medically sta-
ble. Their wheelchair was modified to adapt for their new cor-
rected seating posture.

Statistical Methods
Statistical analysis of the different parameters was performed
with the application of the 2-tailed t test and the Pearson’s
correlation-coefficient test to document statistical significance.
A level of significance was chosen as P � 0.05.

Results

Posterior spine arthrodesis alone was done in 242 and 45
patients underwent a combined anteroposterior spinal
fusion. Anterioposterior spine procedures were per-
formed in a single stage for 30 patients and 15 were done
in 2 stages. Spinal instrumentation extended from the
pelvis to C7 in 11 patients, T1 in 244, T2 in 31, and T3
in 2 patients. Scoliosis was classified into idiopathic-like
(Group 1) in 16 children and 271 had collapsing neuro-
muscular type (Group 2) according to the criteria de-
scribed by Lonstein and Akbarnia.27 Primary sagittal
plane deformities (scoliosis �20°) occurred in 12 chil-
dren. The intraoperative and postoperative results of pa-
tients undergoing a posterior only or a combined anteri-
or-posterior procedure were similar (Table 1). No
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patient who was ambulatory before surgery lost ambu-
latory ability after instrumentation (Figures 1 and 2).

Intraoperative complications for posterior spinal fu-
sion alone occurred in 38 patients with the most com-
mon being 17 perforations of the ilium by the pelvic legs
of the Unit rod (Table 2). Early postoperative complica-
tions occurred in 27 patients with 12 wound infections
being most common (Table 3). Infections were treated
with serial debridements, usually 2 debridements and
dressing changes in the operating room, then daily dress-
ing changes at the bed side. All developed a good fusion
and none required hardware removal.

There were 3 acute deaths related to the spine surgery,
1 from coagulopathy and cardiac arrest at the end of the
procedure; 1 from cardiac arrest secondary to hypovole-
mia during the first postoperative day; a third died from
acute hemorrhagic pancreatitis 48 hours postoperative.

Late postoperative complications in those patients
who underwent a posterior spinal fusion alone included
3 deep infections requiring surgical debridement and re-
moval of part or the whole of the rod, 8 cases of a prom-

inent proximal end of the rod (this was removed in 3
patients), 6 cases of a prominent distal end of the rod (the
pelvic leg was removed in 2 patients), 4 sacral decubitus
ulcers, 2 cases of prominent sublaminar wires, which
were also removed, 3 cases of broken sublaminar wires
noted only on the radiograph, and 3 pseudarthrosis oc-
curring more than 3 years after surgery, which were
treated with replacement of the instrumentation and re-
peat bone grafting. Late complications in those patients
who underwent a combined anterior-posterior spine ar-
throdesis included 3 posterior deep infections treated
with surgical debridement and removal of the whole rod
and all wires, 1 case of a prominent proximal end of the
rod, which was removed, and 1 case of broken sublami-
nar wires noted on the radiographs (Table 4).

Statistical Analysis
Variables were analyzed with Pearson Correlation coef-
ficients to determine any significant relationships be-
tween variables. Increased preoperative scoliosis corre-
lated positively with increased days in hospital (r � 0.24)
and in ICU (r � 0.20), and to increased surgical time (r �
0.27). Increased surgical time correlated with prolonged
hospitalization (r � 0.20). Lumbar hyperlordosis corre-
lated with increased surgical time (r � 0.24), intraoper-
ative blood loss (r � 0.25), and hospital stay (r � 0.27),
indicating that these cases are especially challenging.
Technical complications related to the pelvic fixation de-
veloped in 16% (8 of 51) cases with lumbar lordosis over
60°. In contrast, pelvic instrumentation complications
occurred in 3% (7 of 237) with lumbar lordosis less than
60°. Questionnaire survey was collected from the par-
ents or primary caregivers of 190 children. The care-
takers appreciated the dramatic correction of the spine
deformity (mean score, 1), and the consequent im-
provement of their physical appearance (mean score,
1) (Table 5).

Table 1. Results

Posterior
Only

Anterior-
Posterior

Surgical time (h) 3.9 � 0.8 7.1 � 1.6
Blood loss (L) 2.8 � 2.4 3.4 � 1.7
ICU stay (d) 4.9 � 5.3 6.7 � 5.1
Hospitalization (d) 18.6 � 13.0 24.5 � 24.3
Magnitude of main curve preop (°) 74.6 � 21.2 86.4 � 40.1
Magnitude of main curve postop

(degrees)
21.7 � 13.1 29.2 � 22.6

Main curve correction (%) 71 66
Loss of correction of main curve (°) 2.6 1.2
Preoperative kyphosis (°) 54.2 � 28.8 65.7 � 33.5
Postoperative kyphosis (°) 34.6 � 10.7 38.2 � 14.5
Preoperative lordosis (°) 35.4 � 30.0 53.4 � 38.8
Postoperative lordosis (°) 43.7 � 9.2 41.1 � 10.3
Preoperative pelvic obliquity (°) 16.7 � 11.3 20.8 � 13.6
Postoperative pelvic obliquity (°) 4.6 � 3.8 5.4 � 4.8
Loss of correction of pelvic obliquity (°) 0.5 0.2

Figure 1. A 15-year-old boy with quadriplegic pattern CP has a severe scoliosis (A) and severe kyphosis (B). One week after unit rod
instrumentation the boy’s posture is corrected and he can sit independent with no lateral curvature (C) and normal sagittal plane alignment
(D).
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Discussion

Neuromuscular scoliosis developing in children with CP
continues to be a complex and challenging problem re-
lated to both the type of spinal deformity and the pa-
tients’ general medical condition. CP scoliosis can be clas-
sified as Group 1 which resembles idiopathic scoliosis or
Group 2 curves which are long thoracolumbar or lumbar
C-shaped curves associated with pelvic obliquity.1,27 In our
series, all patients were treated with the same instrumen-
tation and we found no difference in the outcome of
spinal surgery between patients with type 1 and 2 curve
patterns. A few patients with very mild neurologic in-
volvement, whose curves were idiopathic pattern and
limited to the thoracic spine, were treated with short
instrumentation and are not included in this series. Ex-
cept for these few patients, we do not find any clinical
significance in this classification in terms of selection of
treatment or outcome.

The specific indication for surgical correction of spi-
nal deformities in CP needs to consider the child as a
whole, and as the scoliosis increases, sitting tolerance
and comfort decreases which may increase custodial
care. Cardiac and pulmonary complications may also
occur, especially if the curve size is so severe that the
patient can not spend a significant amount of time sit-
ting.11 Spinal fusion is indicated in the presence of curve
progression and a curve size of 50° in children 10 years of
age or older, especially if there is a documented deterio-
ration in their functional skills.1,9–11 Restoration of
coronal and sagittal trunk balance is the primary goal of
curve correction and we prevented proximal drop-off
kyphotic deformity by extending the fusion to the upper
thoracic region above T3. Including the pelvis to maxi-
mize sitting balance is also important.

In this study, we allowed curves to progress up to 90°
if they remained relatively flexible on physical examina-

Table 2. Intraoperative Complications in Our
Patient Population

Intraoperative Complications
Posterior Spinal

Fusion
Anterior-Posterior

Spinal Fusion

Death (cardiac arrest) 1
Perforations of the ileum 14 3
Sublaminar wires cutout 13 1
Dural tears 3 1
Pleural/peritoneal tear 1
Loss of somatosensory evoked

potentials
1

Total 31 7

Table 3. Early Postoperative Complications in Our
Patient Population

Early Postoperative
Complications

Posterior Spinal
Fusion

Anterior-Posterior
Spinal Fusion

Death (acute hemorrhagic
pancreatitis)

1

Death (cardiac arrest) 1
Wound hematomas 3 1
Sacral decubitus ulcers 4
Sacroiliac inflammation 1
Deep wound infections 10 2
Septicemia 2
Total 20 7

Figure 2. The preoperative radiograph shows a 95° thoracolumbar scoliosis with severe pelvic obliquity (A) and 80° of kyphosis (B). Two
years after surgical correction excellent curve correction with a full fusion maintains good alignment (C) and good sagittal plane
correction (D).
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tion to allow for maximum height gain, in children not
having pain or problems associated with the scoliosis. At
the end of spinal growth, curves over 40° were recom-
mended for correction because of the expectation of pro-
gression into adulthood.14 In stiff spinal curves an ad-
ditional anterior release was performed through

multilevel discectomies to maximize the flexibility of
the deformity and allow for increased correction
through the posterior instrumentation, which can be
performed under 1 or 2 anesthetic sessions.1,7,28 These
combined procedures can achieve better curvature
correction, decrease the incidence of pseudarthrosis,
and prevent recurrent deformity through a circumfer-
ential fusion.12,14,19,27,29 –32 Our main goal in doing
an anterior release is to gain flexibility for curve cor-
rection, since the unit rod seems to prevent crankshaft-
ing, therefore the concept of circumferential fusion is
less important.33,34 One-stage anterior-posterior fu-
sion can provide comparable deformity correction,
however, the single-stage procedures are associated
with increased morbidity, a higher incidence of tech-
nical complications and a higher perioperative mortal-
ity rate.35 Therefore, patients with very severe deformities
in the presence of concomitant medical problems, may have
a lower risk of complications if the anterior surgery is per-
formed a week before the posterior procedure.35

Table 4. Late Postoperative Complications in Our
Patient Population

Late Postoperative Complications
Posterior Spinal

Fusion
Anterior-Posterior

Spinal Fusion

Painful protruding proximal end of
the instrumentation

8 1

Painful protruding distal end of
the instrumentation

6

Sacral decubitus ulcers 4
Broken sublaminar wires 3
Deep wound infections 3 3
Pseudarthrosis 1
Total 25 4

Table 5. Questionnaire Addressed to the Parents or Primary Caretakers of Our Patients

Section A. Please answer each of the following questions by circling the no. that represents best how the children you have known have responded
to the back surgery performed on them

1 means Much Improved, 2 means A Little Better, 3 means No Change, 4 means A Little Worse, 5 means Much Worse, 6 means I Cannot Comment
1. After surgery the spine deformity is 1 2 3 4 5 6
2. The child’s physical appearance is 1 2 3 4 5 6
3. The child’s ability to lye in

one position at night and sleep
1 2 3 4 5 6

4. The ability to sit and the extent of
comfort in the sitting position

1 2 3 4 5 6

5. The child’s ability to stand or walk is 1 2 3 4 5 6
6. The child’s head control is 1 2 3 4 5 6
7. The child’s ability to eat or feed is 1 2 3 4 5 6
8. The child’s breathing is 1 2 3 4 5 6
9. The child’s amount of pain is 1 2 3 4 5 6

10. The child’s alertness or mental ability is 1 2 3 4 5 6
11. The child’s ability to use his/her hands is 1 2 3 4 5 6
12. Bathing the child is 1 2 3 4 5 6
13. Dressing the child is 1 2 3 4 5 6
14. Would you recommend back surgery to

a family?
Y N U

Section B No.
Questions

(Mean Scores)
Parents/Primary
Caregivers (190)

1 Spine deformity 1
2 Physical appearance 1 (1)
3 Lying 1.7 (3)
4 Sitting 1.1 (1)
5 Standing/Walking 2.6 (2)
6 Head control 2.1
7 Eating/Feeding 2.2 (3)
8 Breathing 1.5 (1)
9 Back pain 1.7 (1)

10 Mental ability 3
11 Hand use 2.8 (1)
12 Bathing 1.7 (4)
13 Dressing 1.7 (4)
14 Recommendation for surgery 182Y, 6U, 2 N

Section C
(combined functions) 1 Appearance 1

2 Gross motor 2
3 Oral motor 1.9
4 ADL 1.7
5 Overall function 1.8

() indicates no. of answers reporting deterioration (Section B); Y, yes; U, unsure; N, no; ADL, activities of daily living.
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The long-term outcome of spine deformity correction
in CP remains debatable. A preliminary report of 31
patients indicated a positive impact of corrective spine
surgery.25 Even though severely affected individuals with
CP face multiple medical problems that can potentially
complicate an inherently challenging operative proce-
dure, previous studies have documented a very high sat-
isfaction rate among parents and caregivers, who seem to
highly appreciate the impact of corrective procedures on
the children’s level of function and the ease of nursing
care.29,36,37 A report of 37 institutionalized patients
found 95% of custodial institutional caregivers believed
those who had spinal fusions were more comfortable.36

Interviews of 60 caregivers reported 85% positive re-
sponses concerning patients’ comfort, function, and care
after spinal arthrodesis.29 In the same study, 15% of the
caretakers were not satisfied with the results of the sur-
gery, due to poor initial curve correction or development
of after surgery significant deformity.29 Our current re-
sults validate very similar outcomes of the parents’ and
caregivers’ functional perceptions, however, since all our
patients had satisfactory correction of and maintained
their correction, there were no negative evaluations due
to poor deformity correction. The perception of educa-
tors, therapists, schoolteachers, and chronic care staff
also had a positive opinion on the general benefits of
scoliosis correction.38 Most of the parents (95.8%) and
professional caregivers (84.3%) in this study considered
that the benefits from correcting scoliosis offset the risks
of the procedure. No patient with preoperative ambulatory
ability lost function after unit rod instrumentation.39

The use of the Unit rod instrumentation for correction
of neuromuscular scoliosis has been previously reported
in smaller patient populations. Unit rod instrumentation
was first reported in 34 pediatric patients with neuro-
muscular scoliosis, 17 had CP.24 A mean preoperative
scoliosis angle of 66° was corrected by 47% to 35°. A
preoperative pelvic obliquity of 18° was corrected by
57.8% to 7.6°. Another series of 34 children with CP
reported 82% correction from 89° to 16°.30 The pelvic
obliquity was corrected by 86.8% from 34 to 4.5°. An-
other report of 22 children with CP out of a total number
of 46 patients with neuromuscular scoliosis with instru-
mentation using single Luque rods found 47% correc-
tion from 74° to 39° with pelvic obliquity correction of
47%.40 All reported follow-ups were less then 3 years. In
the current study of 241 patients followed for 8.3 years,
the Unit rod achieved correction rates similar to previous
studies and substantially better than the reports from the
unconnected rods. The posterior instrumentation ex-
tended to the first or second thoracic vertebrae in most
patients and prevented the development of junctional
add-on kyphosis. Bilateral pelvic fixation is inherently
part of the unit rod surgical technique and was per-
formed to correct pelvic obliquity and improve sitting
balance.

Single stage posterior spinal instrumenation was asso-
ciated with a reduced surgical time (P � 0.001), and less

days in the ICU (P � 0.05) compared to the combined
anteroposterior procedures. However, there was no dif-
ference noted in blood loss, total stay in hospital, com-
plication rate, or degree of deformity correction between
the 2 groups, even though the patients who underwent
an additional anterior release had the most stiff and more
severe curves. Based on this result, we believe that the
addition of the anterior release does not add much risk of
increased morbidity. However, patients with severe as-
sociated medical risk may be best served with a staged
anterior and posterior procedure.35

After spinal arthrodesis, there was a maximum loss of
deformity correction at the final follow-up radiograph of
4 degrees with statistically significant loss in all defor-
mity planes, however, we do not consider this small loss
to be clinically significant. Major complications after spi-
nal instrumentation included 3 perioperative deaths, 18
deep wound infections treated only with serial debride-
ments and the 6 patients with late infections who re-
quired removal of part or all the instrumentation. All the
early infections healed with good callus formation and
no need for hardware removal. All late infections re-
quired hardware removal but none had evidence of
pseudoarthrosis. The best predictor for the development
of postoperative complications in children with CP who
undergo spinal surgery is the degree of neurologic dis-
ability.11 The presence of associate medical problems
and a curve magnitude greater than 70° also increased
the risk of postoperative complications. The presence of
other factors such as poor nutrition, gastrostomy feed-
ings, antiseizure medication, tracheal abnormalities or
tracheostomy did not constitute major additional risk.11

Conversely, other investigators have suggested that inade-
quate nutritional status increases the risk of urinary infec-
tions, prolonged patient intubation and hospital stay.41

Intraoperative complications related to pelvic fixation
of the rod occurred in 17 patients. Preoperative lumbar
hyperlordosis was correlated with increased morbidity
and a greater incidence of technical complications asso-
ciated with the pelvic fixation. Sagittal spine deformity in
patients with CP has a reported prevalence of 7% in
patients with scoliosis.30,42,43 This level is lower than the
prevalence found in the current study where 19% had
hyperlordosis. Considerations to manage significant
sagittal plane deformity concomitant with scoliosis in-
cludes selecting a slightly shorter rod size for hyperky-
phosis, and slightly longer rod size for hyperlordosis;
and the possible need to cut and reconnect the rod in
cases of severe hyperlordosis to avoid rod penetration
through the inner pelvic table when placing the pelvic
limb of the rod.44

Reoperations due to mechanical problems related to
the instrumentation were performed in 12 patients; with
3 detected pseudarthrosis, and except for the pseudar-
throsis repair, these procedures were all minor with most
of them performed as outpatient procedures.

Controversy remains on performing scoliosis surgery
in the child with cerebral palsy, especially when complex
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medical problems are also present. There is limited pub-
lished data on the predicted life expectancy of patients
with CP45,46; however, previous reports presumed that
individuals with CP have lower survival rates than the
general population.47–50 The most significant determi-
nants for reduced life expectancy in pediatric patients
with CP are the coexistence of other significant comor-
bidities, such as respiratory malfunction, epilepsy, or
feeding disorders.46–54 Respiratory disease, may be the
predominant cause of death.50,55,56 Contrary to these
reports,47–49 more recent studies have documented sub-
stantially better survival rates even for patients with to-
tal-body involvement.50–53 As a consequence, children
with CP and neuromuscular scoliosis should now be con-
sidered as having a chronic disability with which one
lives, often a comparable time to the unaffected popula-
tion. The management of related medical and orthopae-
dic conditions should be based on this new reality.

Based on the Kaplan-Meier survival analysis, 68% of
patients who have spine instrumentation are expected to
survive at least 11 years.57 The most predictive determi-
nant for survival rates among this population were the
number of days the patient had to spend after surgery in
the ICU, which reflects the general preoperative medical
condition and is predominantly related to abnormal re-
spiratory function. There was also a weak correlation to
hyperkyphosis of curves greater then 90° and scoliosis
greater then 100°.57

The present study demonstrates the ability to gain
excellent correction of the spinal deformity using the
Unit rod instrumentation with relatively short operative
times. Currently, there is an increasing interest in third
generation instrumentation systems using multiple pedi-
cle screws in the treatment of spine deformity including
neuromuscular scoliosis. These systems are based on the
same principle of segmental fixation as the unit rod sub-
stituting pedicle screws and iliac bolts. As these newer
techniques become common and widely used, it is essen-
tial to establish benchmarks for degree of deformity cor-
rection and complication rates related to the technical
aspects of the individual procedure. As new instrumen-
tation is being introduced, there is also a significant in-
crease in implant cost, which should be balanced against
benefits obtained by the use of these new techniques.

In conclusion, scoliosis is a very common orthopaedic
condition in children with CP, especially those with
quadriplegia. Since there is a well-documented high de-
gree of caretaker satisfaction after deformity correction,
the selection of the appropriate operative technique and
type of instrumentation should depend on achieving op-
timum correction of the curvature while minimizing the
complication rate. In contrast, the specific instrumen-
tation used is not likely to reduce the risk for the com-
mon medical complications related to such a major
surgical undertaking. However, a good multidisci-
plinary approach should be able to effectively manage
the multitude of problems that may arise in this pa-
tient population. The Unit rod instrumentation may be

considered the gold standard technique and the primary
instrumentation system for the treatment of pediatric pa-
tients with CP and neuromuscular scoliosis because it is
simple to use, although it is technically more difficult in
patients with hyperlordosis. It is also considerably less
expensive than most other systems. The Unit rod can
achieve good deformity correction with a low loss of
correction, as well as a low prevalence of associated com-
plications and reoperation rate.

Key Points

● Scoliosis due to cerebral palsy can be successfully
corrected with the Unit rod instrumentation.
● Multiple complications may occur as part of this
treatment.
● Caretakers have a very positive opinion of the
outcome of this procedure.
● Unit rod instrumentation is cost effective com-
pared to other modern segmental instrumentation
for spinal arthrodesis.
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