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Abstract

Introduction There is a lack of data in the literature on

surgical correction of severe neuromuscular scoliosis in

patients with serious extent of cerebral palsy. The purpose

of this retrospective cohort study was to analyze the radi-

ological and clinical results after posterior-only instru-

mentation (group P) and combined anterior–posterior

instrumentation (group AP) in severe scoliosis in patients

with Gross Motor Function Classification System grades

IV and V.

Materials and methods All eligible patients who under-

went surgery in one institution between 1997 and 2012

were analyzed, and charts, surgical reports, and radio-

graphs were evaluated with a minimum follow-up period of

2 years.

Results Fifty-seven patients were included (35 in group

P, 22 in group AP), with a median follow-up period of

4.1 years. The preoperative mean Cobb angles were 84�
(34 % flexibility) in group P and 109� (27 % flexibility) in

group AP. In group P, the Cobb angle was 39� (54 %

correction) at discharge and 43� at the final follow-up,

while in group AP the figures were 54� (50 % correction)

at discharge and 56� at the final follow-up. Major com-

plications occurred in 23 vs. 46 % of the patients, respec-

tively. Preoperative curve flexibility was an important

predictor for relative curve correction, independently of the

type of surgery.

Conclusion Posterior-only surgery appears to lead to

comparable radiological results, with shorter operating

times and shorter intensive-care unit and hospital stays than

combined surgery. The duration of surgery was a relevant

predictor for complications.

Keywords Neuromuscular scoliosis � Cerebral palsy �
Surgery � Posterior instrumentation � Combined

instrumentation � Outcome

Introduction

Cerebral palsy (CP) is a nonprogressive form of

encephalopathy caused by damage to motor control centers

in the immature brain. In a recent study, Persson–Bunke

et al. reported that the risk of developing neuromuscular

scoliosis in CP patients increases along with their level in

the Gross Motor Function Classification system (GMFCS;

Table 1) and with age [1, 2]. Patients with a GMFCS level

of IV or V have a 50–75 % risk for developing moderate or

severe neuromuscular scoliosis [1–3]. Spinal deformity

often involves restrictions for the patients and their care-

givers in everyday life. Apart from affecting ambulatory

status and sitting balance, scoliosis can lead to cardiopul-

monary and gastrointestinal dysfunction and pain in these

patients [4–6]. Although surgical correction of neuromus-

cular scoliosis often leads to good radiological results, the

appropriate type and extent of the surgical procedure are

still unclear. Posterior-only and combined anterior–
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posterior spinal instrumented fusion using modern instru-

mentation systems are established techniques in the treat-

ment of scoliosis in CP patients [7–10]. However, several

studies have indicated high overall perioperative compli-

cation rates, ranging from 22 to 68 % [7, 11–13]. The

perioperative morbidity is known to be high particularly in

patients with severe cerebral palsy and nonambulatory

status [12–15]. However, to the best of our knowledge

there have been no published studies so far focusing

exclusively on scoliosis in severe CP patients with a

GMFCS of IV or V.

The purpose of this study was to analyze and present the

radiological and clinical outcomes in patients with severe

CP and neuromuscular scoliosis who underwent two dif-

ferent types of surgical procedure: posterior-only or com-

bined anterior–posterior instrumented fusion.

Materials and methods

In a retrospective cohort study, patients with neuromuscular

scoliosis due to CP who underwent surgery in a single insti-

tution between 1997 and 2012 were analyzed. The inclusion

criteria were neuromuscular scoliosis due to severe CP with a

GMFCS of IV or V, surgical treatment of scoliosis either with

posterior-only or combined anterior–posterior spinal instru-

mented fusion, a minimum follow-up period of 2 years, and a

complete set of radiographs before surgery, at discharge,

2 years after surgery, and at the final follow-up examination.

Patients who received halo traction were excluded, as well as

patients who underwent anterior release without anterior

instrumentation. Patient records, surgical reports, anesthesia

documentation, and radiographs were evaluated.

The indications for surgery were established on a very

individual basis, taking into account not only the radio-

logical spine deformity but also the patients’ overall gen-

eral health parameters (pulmonary dysfunction, pain,

impairment of balanced sitting, comorbidities).

Between 1997 and 2012, the surgical technique used for

posterior instrumentation developed from the use of prox-

imal hooks together with pedicle screws in the middle and

distal instrumentation (hybrid instrumentation) to pedicle

screw–only instrumentation. Patients who underwent both

techniques were included. All of the patients were treated

with a double-rod steel or titanium posterior system.

Bilateral facetectomies were performed in all cases for

posterior release. Additional posterior osteotomies were

not performed. Following instrumentation and correction

maneuvers, spinal fusion was ensured by autologous or

allogeneic spondylodesis. The patients in whom the ante-

rior–posterior surgical technique was used received ante-

rior release prior to anterior instrumentation with a single

or dual-rod system, followed immediately or in a two-stage

procedure by posterior instrumentation.

Evaluation of the patients’ health status preoperatively

included their ambulatory status, assessed using the

GMFCS. Mental retardation was quantified using three cat-

egories: ‘‘severe,’’ ‘‘moderate,’’ and ‘‘mild/none’’ [7, 10].

Preoperative lung disorders (frequent recurrent respiratory

infections), dislocations of the hip, and previous operations

to treat spasticity (psoas or adductor tenotomies) were noted.

Perioperative data were collected, including the duration

of the operation, estimated intraoperative blood loss (ESBL),

early and late complications, intensive-care unit (ICU) stay,

and hospital stay. Early complications comprised intraop-

erative and early postoperative complications occurring

during the hospital stay, in comparison with late complica-

tions, which occurred after hospital discharge or after

6 weeks of a hospital stay [16]. The study focused specifi-

cally on the complications defined by Master et al. [12].

Full-spine radiographs (anterior–posterior and lateral

views) were taken preoperatively, at discharge, and at the

2-year and final follow-up examinations, either in the sit-

ting or lying position, depending on the patient’s ambula-

tory status. In addition, preoperative anterior–posterior

radiographs under traction were taken in order to evaluate

curve flexibility. Coronal Cobb angles and pelvic obliquity

were measured on anterior–posterior views. Pelvic obliq-

uity was defined as the angle between a line tangential to

both iliac crests and the horizontal line [13, 17]. In addition

to the assessment of pelvic obliquity in all of the patients, a

subanalysis was also carried out that included only sitting

patients, on the assumption that seated versus (vs.) supine

postures influence pelvic obliquity. Preoperative flexibility

was measured as the relative correction of the Cobb angle

of the main curve achieved by traction on the preoperative

Table 1 Gross motor function classification system (GMFCS) for patients with cerebral palsy [2]

Level Gross motor function

I Walks without restrictions; limitation in more advanced gross motor skills

II Walks without assistive devices; limitations in walking outdoors and in the community

III Walks with assistive mobility devices; limitations in walking outdoors and in the community

IV Self-mobility with limitations; patients are transported or use power mobility outdoors and in the community

V Self-mobility is severely limited with the use of assistive technology
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anterior–posterior view (Cobb angle without traction minus

Cobb angle under traction/Cobb angle without traction)

[13]. Lumbar lordosis (L1–L5) and thoracic kyphosis (T4–

T12) were evaluated on lateral views.

Statistical analysis

Descriptive statistical analyses were carried out using mean

and standard deviation as measures of location and scale. In

case of outliers or skewness, the median and interquartile

ranges were computed. Statistical connections between

variables were assessed using Fisher’s exact test, the Chi-

squared test, the Mann–Whitney U test, and the Spearman

correlation coefficient with corresponding correlation test.

Multivariate regression model building was performed by

backward variable selection based on the likelihood ratio

test. Throughout this paper, a P value B0.05 is considered as

statistically noticeable. The term ‘‘significant’’ is avoided, as

the P values are interpreted in an exploratory rather than a

confirmatory fashion, and adjustment for multiple testing is

not applied. All statistical calculations were performed using

IBM SPSS Statistics for Windows, version 22.0.

Results

A total of 57 patients were included in the study. Thirty-

five patients were treated with posterior-only instrumenta-

tion (group P, Fig. 1) and 22 patients received combined

anterior–posterior instrumentation (group AP, Fig. 2). The

mean follow-up period was 4.1 years (range

24–141 months). No statistically noticeable differences

between the two surgical groups with regard to the follow-

up period were detected (mean follow-up periods

47 months in group P and 53 months in group AP). Four

patients died during the follow-up (6–12 years after sur-

gery) of causes independent of their deformities or scol-

iosis operations. Table 2 presents the basic preoperative

data for groups P and AP. Patients with a GMFCS level of

V had larger preoperative Cobb angles in the main curve

(P = 0.007) than those with GMFCS level IV.

The intraoperative and perioperative data are presented

in Table 3. There were statistically noticeable differences

between groups P and AP with regard to the duration of

surgery, length of hospital stay, length of ICU stay, and

ESBL. In group AP, the median ICU stay was 5 days, with

one patient receiving intensive care for 34 days due to

respiratory insufficiency and wound infection. Statistically

noticeable positive correlations were found between age at

the time of surgery and the duration of surgery (r = 0.35,

P = 0.007), as well between the duration of surgery and

the length of the hospital stay (r = 0.46, P\ 0.0001),

length of ICU stay (r = 0.41, P\ 0.002) and ESBL

(r = 0.68, P\ 0.0001). Positive correlations were also

found between the preoperative Cobb angle of the main

curve and duration of surgery (r = 0.43, P = 0.001),

length of hospital stay (r = 0.57, P\ 0.0001) and inten-

sive-care unit stay (r = 0.50, P\ 0.0001).

The results of the detailed radiographic analyses are

shown in Table 4. The mean preoperative Cobb angle in

Fig. 1 A patient in group P. a Anterior–posterior view before surgery. b Anterior–posterior view at follow-up. c Lateral view before surgery.

d Lateral view at follow-up
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Fig. 2 A patient in group AP. a Anterior–posterior view before surgery. b Anterior–posterior view at follow-up. c Lateral view before surgery.

d Lateral view at follow-up

Table 2 Preoperative patient data

Group P (n = 35) Group AP (n = 22) P valuea

Female:male 19 (54 %):16 (46 %) 11 (50 %):11 (50 %) 0.791

Age at surgery (median, years) 15 ± 4 16.5 ± 7 0.026�

BMI (kg/m2) 16.6 ± 4.0 16.3 ± 4.6 0.685

GMFCS

IV n = 13 (37 %) n = 2 (9 %) 0.029�

V n = 22 (63 %) n = 20 (91 %) 0.029�

Mental retardation

Severe n = 28 (80 %) n = 9 (41 %) 0.004�

Moderate n = 5 (14 %) n = 7 (32 %) 0.181

Mild/none n = 2 (6 %) n = 6 (27 %) 0.045�

Frequent respiratory infections n = 16 (46 %) n = 10 (46 %) 1.000

Hip dislocation n = 21 (60 %) n = 11 (50 %) 0.585

Previous tenotomies n = 9 (26 %) n = 8 (36 %) 0.553

PEG tube n = 6 (17 %) n = 8 (36 %) 0.123

Patients with a long, C-shaped scoliosis

vs. pseudo-idiopathic curve

n = 29 (83 %) vs. n = 6 (17 %) n = 21 (96 %) vs. n = 1 (5 %) 0.230

Cobb angleb

Coronal, main curve 84� ± 18� 109� ± 16� \0.0001�

Under traction 55� ± 19�� 81� ± 21� \0.0001�

Flexibility 34 % ± 20 27 % ± 16 0.168

Pelvic obliquity 15� ± 10� 26� ± 13� 0.001�

Thoracic kyphosis T4–T12 41� ± 27� 40� ± 25� 0.64

Lumbar lordosis L1–L5 -39� ± 27� -32� ± 43� 0.67

Mean values (±standard deviation, SD), median values (±interquartile range, IQR), and frequencies

BMI body mass index, GMFCS gross motor function classification system, PEG percutaneous endoscopic gastrostomy
� Statistically noticeable
a Group P vs. group AP in Mann–Whitney U test and Fisher’s exact test
b The radiographic analysis only included the largest curve
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the entire group was 94� ± 21� (range 42�–140�), cor-

rected to 45� ± 21� after surgery and 48� ± 20� at the final

follow-up (mean absolute correction at discharge:

49� ± 21�; mean relative correction: 52 ± 19 %).

No statistically noticeable effects of the preoperative

Cobb angle and surgical technique on the relative correc-

tion of the Cobb angle at discharge were detected

(P = 0.674 and P = 0.451, respectively), but positive

correlations were found between preoperative flexibility

and relative correction (r = 0.55, P\ 0.0001). When

groups P and AP were analyzed separately, no statistically

noticeable effects of the preoperative Cobb angle on the

relative correction were observed in patients in group P

alone (P = 0.800), nor in patients in group AP alone

(P = 0.928). On the other hand, a statistically noticeable

influence of curve flexibility on relative correction was

found for patients in group P (r = 0.56, P\ 0.0001) and in

group AP (r = 0.56, P = 0.008).

Dislocated hips, possibly due to severe spasticity, were

associated with low preoperative flexibility (P = 0.007).

Patients with dislocated hips had poorer correction results

than those with nondislocated hips (mean absolute Cobb

correction 41� ± 18� vs. 59� ± 21�; P = 0.003; mean

relative correction 46 ± 19 % vs. 61 ± 15 %; P = 0.002).

Loss of correction of Cobb angles turned out to be minimal

in both group P and group AP. The greatest loss of correction

was observed in patients with a high degree of absolute cor-

rection (r = 0.366,P = 0.005) and patients who were treated

with hybrid instrumentation (hybrid mean 8� ± 6�, pedicle

screws–only mean 3� ± 4�;P = 0.011). No other statistically

noticeable differences were found between hybrid constructs

with hooks and pedicle screws and pedicle screw–only con-

structs, especially regarding duration of surgery (hybrid mean

355 min ± 182 vs. pedicle screw–only mean 419 min ±

215;P = 0.125), blood loss (hybrid mean 1760 ml ± 914 vs.

pedicle screw–only mean 2430 ml ± 1424; P = 0.124),

Table 3 Intraoperative and perioperative patient data

Group P (n = 35) Group AP (n = 22) P valuea

Duration of surgery (min) 260 ± 66 594 ± 169 \0.0001�

Length of hospital stay (median, days) 17 ± 6 29 ± 13 \0.0001�

Length of ICU stay (median, days) 1 ± 2 5 ± 13 \0.0001�

Estimated intraoperative blood loss (median, mL) 1500 ± 1675 2350 ± 1275 0.012�

Length of posterior instrumentationb n = 14 ± 1 n = 14 ± 2 0.912

Length of anterior instrumentationb n = 0 n = 6 ± 2

UIV

T2 n = 4 (11 %) n = 1 (5 %)

T3 n = 8 (23 %) n = 8 (36 %)

T4 n = 16 (46 %) n = 6 (27 %)

T5 n = 6 (17 %) n = 5 (23 %)

T6 n = 0 n = 2 (9 %)

T7 n = 7 (20 %) n = 0

LIV

L3 n = 1 (3 %) n = 0

L4 n = 3 (9 %) n = 1 (5 %)

L5 n = 30 (86 %) n = 18 (82 %)

S1 n = 1 (3 %) n = 1 (5 %)

Ilium n = 0 n = 2 (9 %)

Pedicle screw–only instrumentation n = 20 (54 %) n = 10 (46 %) 0.426

Total number of pedicle screws n = 14 ± 8 n = 14 ± 10 0.393

Total number of anchors (pedicle screws ? hooks) n = 15 ± 4 n = 15 ± 6 0.686

Anchor density per level fused 1.0 ± 0.4 1.1 ± 0.5 0.736

Data for patients with two-stage procedures include sums of both surgeries. Mean values (±standard deviation, SD), median values (±in-

terquartile range, IQR), and frequencies

ICU intensive-care unit, LIV lower instrumented vertebra, UIV upper instrumented vertebra
� Statistically noticeable
a Group P vs. group AP in Mann–Whitney U test and Fisher’s exact test
b Number of fused segments
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primary correction (hybrid mean 56 % ± 16 vs. pedicle

screw–only mean 49 % ± 20; P = 0.117) and rate of com-

plications (hybrid mean 26 % ± 45 vs. pedicle screw–only

mean 37 % ± 49; P = 0.388).

As the overall preoperative radiological data differed

between groups P and AP (Table 4), an analysis of subgroups

with similar preoperative radiographic data in the two groups

was performed. As shown above, preoperative curve flexi-

bility has a statistically noticeable influence on curve cor-

rection, and in clinical practice the preoperative Cobb angle

is one of the major criteria for establishing indications. We

therefore focused particularly on the subgroup of patients

with preoperative Cobb angles between 90� and 115� and a

flexibility of B30 %. In these patients, both a posterior

approach and a combined one might be considered in

everyday clinical decision-making. In group P (n = 5), there

was a mean preoperative Cobb angle of 98� with 59� at the

final follow-up (a correction of 41 %), whereas in group AP

(n = 7) there was a mean preoperative Cobb angle of 107�
with 63� at the final follow-up (a correction of 46 %). These

differences were not statistically noticeable. The median

ICU stay in this subgroup was 1 day in group P vs. 5 days in

group AP; hospital stay 12 vs. 29 days, mean duration of

surgery 286 vs. 521 min.

Table 4 Radiographic results

Group P (n = 35) Group AP (n = 22) P valuea

Cobb angle, main curve

Preoperative 84� ± 18� 109� ± 16� \0.0001�

Traction 55� ± 19� 81� ± 21� \0.0001�

Flexibility 34 % ± 20 27 % ± 16 0.168

Discharge (correction) 39� ± 17� (45�; 54 %) 54� ± 23� (55�; 50 %) 0.014� (0.131; 0.451)

2-year follow-up 43� ± 15� 55� ± 25� 0.131

Final follow-up 43� ± 16� 56� ± 23� 0.04�

Loss of correction at final follow-up 4� ± 9� 2� ± 9� 0.795

Pelvic obliquity

Preoperative All 15� ± 10�
Sittingb 14� ± 9�

26� ± 13�
24� ± 10�

0.001�

0.013�

Discharge All 8� ± 7�
Sittingb 7� ± 7�

12� ± 9�
10� ± 7�

0.108

0.85

(Correction) (All 7�; 43 %)

(Sittingb 7�; 52 %)

(15�; 51 %)

(14�; 57 %)

(0.025�; 0.65)

(0.03�; 0.97)

2-year follow-up All 9� ± 8�
Sittingb 8� ± 8�

13� ± 10�
12� ± 9�

0.11

0.11

Final follow-up All 9� ± 7�
Sittingb 8� ± 7�

15� ± 10�
13� ± 8�

0.032�

0.042�

Loss of correction at final follow-up All 0� ± 5�
Sittingb 0� ± 5�

4� ± 5�
4� ± 5�

0.016�

0.02�

Kyphosis T4–T12

Preoperative 41� ± 27� 40� ± 25� 0.64

Discharge 29� ± 17� 37� ± 16� 0.085

2-year follow-up 31� ± 18� 36� ± 17� 0.322

Final follow-up 31� ± 18� 38� ± 21� 0.265

Lordosis L1–L5

Preoperative -39� ± 27� -32� ± 43� 0.67

Discharge -44� ± 21� -46� ± 25� 0.718

2-year follow-up -46� ± 16� -46� ± 26� 0.646

Final follow-up -45� ± 17� -51� ± 22� 0.155

Corrections are presented as absolute and relative values relative to the preoperative data. Loss of correction is related to data at discharge. Mean

values (±standard deviation, SD) and frequencies

� Statistically noticeable difference
a Group P vs. group AP in Mann–Whitney U test
b Only sitting patients—i.e., n = 25 in group P, n = 16 in group AP
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No statistically noticeable correlations were found

between the anchor density per level fused and the Cobb

angle correction, either in relation to all patients or in

groups P and AP separately.

Complications are listed in Table 5, with an overall rate

of major complications as defined by Master et al. [12] of

23 % in group P and 46 % in group AP. However, the

difference was not statistically noticeable (P = 0.088).

Patients with major postoperative complications had

statistically noticeably longer operations (P = 0.009) and

longer instrumentations (P = 0.036). No statistically

noticeable effects on the rate of major complications were

observed in relation to the preoperative Cobb angle and

flexibility, sex, age at time of surgery, body mass index

(BMI), GMFCS level, grade of mental retardation, preop-

erative frequent recurrent respiratory infections, preexist-

ing dislocation of the hip, previous tenotomies, presence of

a percutaneous endoscopic gastrostomy (PEG) tube, intra-

operative blood loss, or number of pedicle screws used.

Patients with major respiratory complications had statisti-

cally noticeably larger preoperative Cobb angles

(P = 0.012) and statistically noticeably longer hospital

stays (P = 0.039) and ICU stays (P\ 0.0001). Frequent

preoperative recurrent respiratory infections (P = 0.089)

and combined anterior–posterior treatment (P = 0.086)

tended to be associated with a higher rate of major

respiratory complications. A stepwise multivariate linear

regression analysis indicated that preoperative Cobb angle,

duration of surgery, and major postoperative respiratory

complications were statistically noticeable predictors for a

long hospital stay (adjusted R2 = 0.462, P\ 0.0001) and

for a long ICU stay (adjusted R2 = 0.679, P\ 0.0001).

Patients with a BMI of less than 15 had more overall

complications than those with a BMI above 15

(P = 0.032), however, no noticeably more major compli-

cations according to Master et al. (P = 0.389) [12].

In addition, the duration of surgery, estimated blood

loss, and length of instrumentation had a statistically

noticeable influence on the overall complication rate

(P = 0.005, P = 0.039, and P = 0.015, respectively). The

preoperative Cobb angle and curve flexibility, age at sur-

gery, sex, GMFCS, mental retardation, presence of a PEG

tube, hip dislocation, previous tenotomies, and the number

of pedicle screws did not have any statistically noticeable

effect on the overall complication rates.

In relation to the time of occurrence of postoperative

complications in group P, 6 patients (17 %) had early

postoperative complications, one patient (3 %) had early

and late complications, and one patient (3 %) had only a

late postoperative complication. In group AP, 7 patients

(32 %) had early postoperative complications and 3 pa-

tients (14 %) had early and late complications.

Table 5 Intraoperative and

postoperative complications as

defined by Master et al. [12]

Complications Group P (n = 35) Group AP (n = 22) P valuea

Patients with major complicationsb n = 8 (23 %) n = 10 (46 %) 0.088

Respiratory

Major n = 4 (11 %) n = 7 (32 %) 0.086

Minor n = 2 (6 %) n = 3 (14 %) 0.364

Gastrointestinal

Major n = 0 n = 0

Minor n = 2 (6 %) n = 1 (5 %) 1.000

Genitourinary

Major n = 0 n = 0

Minor n = 2 (6 %) n = 2 (9 %) 0.635

Cardiovascular

Major n = 0 n = 2 (9 %) 0.145

Minor n = 0 n = 0

Neurologic

Major n = 2 (6 %) n = 0 0.518

Minor n = 0 n = 0

Wound infectionc n = 1 (3 %) n = 2 (9 %) 0.553

Instrument failurec n = 1 (3 %) n = 2 (9 %) 1.000

Revision n = 4 (11 %) n = 4 (18 %) 0.697

a Group P vs. group AP in Fisher’s exact test
b There were patients with more than one major complication
c Wound infections and instrumentation failure are rated as ‘‘major’’ complications, as they were always

followed by revision
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There were no statistically noticeable differences

between the two groups with regard to the revision rate

(11 % in group P; 18 % in group AP). The two wound

infections in group AP occurred after posterior surgery and

required revision during the index hospital stay. Revision

surgery was also necessary in 2 patients of group AP in

whom pedicle screw dislocation occurred several years

after the posterior surgery. In group P one case of pedicle

screw malposition led to incomplete paraparesis requiring

immediate revision and in another case surgical correction

resulted in a postoperative spinal shock due to overcor-

rection, which had to be revised the same day. Another

patient in group P developed multiple dislocations of

pedicle screws and had to undergo a revision procedure

4 months after surgery. Wound infection occurred in one

patient in group P, requiring revision during the primary

hospital stay.

Discussion

This study presents good results of overall Cobb correction

of 54 % in group P and 50 % in group AP, comparable

with the literature, but in a group of patients with cerebral

palsy having more severe deformities and more severe

impairment than comparable studies. Despite these extreme

patients, complication rates are similar to the literature.

Despite the large curves the surgical goals can be achieved

with posterior-only surgery and patients benefit from

sparing use of the anterior approach with lower compli-

cation rates, reduced surgical trauma and lower hospital-

ization duration. Preoperative curve flexibility was the

most relevant predictor for relative curve correction.

As only nonambulatory patients, i.e., GMFCS levels of

IV or V, were included, most of the patients were in poor

preoperative health, with low BMI, frequent respiratory

infections, and progressive deformity. To the best of our

knowledge, the present study is the first published series

focusing only on patients with GMFCS IV and V. These

patients often have several comorbid conditions due to

severe neurological impairment, such as frequent respira-

tory infections, spasticity with hip dislocations, and PEG

tubes. There were no statistically noticeable differences

with regard to these parameters between the patients in

groups P and AP, with a typically high prevalence of fre-

quent respiratory infections in their medical histories of

about 50 %.

Comparable studies on neuromuscular scoliosis have

usually included only Cobb angles of up to 79� [7–10, 13,

18, 19], with only one study reporting a mean preoperative

Cobb angle of 88� [16]. The present study with a mean

Cobb angle of 94� included patients with greater defor-

mities than those described in any available studies in the

literature. It was therefore only possible to correct the

scoliosis to an average Cobb angle of 48� at the final fol-

low-up (in comparison with other results of around 30�),
but with a comparable mean relative correction rate of

52 %. In the literature (Table 6), correction rates of

between 50 and 68 % have been reported in neuromuscular

scoliosis.

In patients with severe deformities, surgeons may need

to choose between different types and extents of surgery.

One key question prior to surgery is whether a posterior-

only approach is sufficient or whether anterior release and

instrumentation followed by posterior instrumentation will

produce relevantly better results. In this retrospective ser-

ies, patients were therefore grouped according to these two

types of surgery—group P and group AP. Due to the ret-

rospective character of the study, the preoperative radio-

logical parameters differ to a certain extent between the

two groups (Table 1). However, analyzing and comparing

the two groups provides valuable data that may help

improve the establishment of indications in the future. The

main difference between group P and group AP is the

different mean preoperative Cobb angles of 84� vs. 109�.
The relative flexibilities of the main curve showed similar

results (34 vs. 27 %). Pelvic obliquity was statistically

noticeably poorer in group AP (15� vs. 26�). However, the

Table 6 Comparable studies in the literature

Preoperative Cobb angle Postoperative Cobb angle Cobb angle at final FU Relative correction (%)

Lonstein et al. [13] 72� 33� 36� 50

Modi et al. [7] 77� 30� 32� 63

Modi et al. [19] 79� 30� 32� 63

Piazolla et al. [8] 77� 35� 36� 57

Sponseller et al. [18] 77� Not mentioned Not mentioned 66

Teli et al. [9] 75� 31� 32� 59

Tsirikos et al. [10] 76� 25� Not mentioned 68

Watanabe et al. [16] 88� Not mentioned 39� 54

Current study 94� 45� 48� 52
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sagittal balance parameters (thoracic kyphosis, lumbar

lordosis) were similar.

Due to the two surgical approaches and greater inva-

siveness of the procedure, patients in Group AP had sta-

tistically noticeably longer operations with greater blood

loss and longer hospital stays and ICU stays. The length of

posterior instrumentation did not differ between the two

groups, nor did the numbers of anchors used.

Correction of the main curve was very similar in the two

groups at discharge (group P 54 % vs. group AP 50 %),

with only minor loss of correction in both groups at the

final follow-up, corresponding well with the literature [7, 8,

13]. Interestingly, the surgical technique did not have a

statistically noticeable effect on the relative Cobb correc-

tion. These results correspond to the findings reported by

Teli et al., who compared patients who underwent poste-

rior-only instrumentation (74� Cobb angle before surgery,

58 % correction) with patients undergoing combined

anterior–posterior surgery (76� Cobb angle before surgery,

59 % correction) [9]. Low preoperative flexibility and

preoperative hip dislocations had a statistically noticeable

negative impact on the absolute and relative curve cor-

rections. Although the preoperative Cobb angle is used in

everyday practice as a key parameter for establishing the

indications, the present data do not show a statistically

noticeable influence of preoperative Cobb angles on rela-

tive corrections, either for the overall study cohort or for

groups P and AP separately.

Patients with proximal hooks had slightly more loss of

correction than those with proximal pedicle screws, a

finding that supports the results of earlier studies [20]. No

other statistically noticeable differences were found

between hybrid constructs and pedicle screw–only

constructs.

The correction rates of Cobb angles in this series were

not statistically noticeably affected by anchor density.

However, the anchor densities in the two groups were very

similar. The available studies on neuromuscular scoliosis

have not investigated anchor density. In patients with

idiopathic scoliosis, Larson et al. described improved rel-

ative corrections of major coronal curves in patients with

more than 1.54 anchors per level fused in comparison with

patients who had fewer anchors [21].

Pelvic obliquity is important for balanced sitting. In the

literature, authors’ views regarding the lower instrumented

vertebra (LIV) differ between using pedicle screws only to

L4 or L5 [7, 22] and application of iliac anchors [18, 23].

Several authors recommend instrumentation down to the

pelvis in patients with preoperative pelvic obliquity of

more than 15� [7, 22]. In the present series, the preopera-

tive pelvic obliquities differed between the two groups

(group P 15�, group AP 26�). However, the LIV was L5 in

the majority of patients. Modi et al. reported on a cohort

with an average preoperative pelvic obliquity of 23�, which

was corrected to 8� using pelvic fixation, in comparison

with a cohort with 6� before surgery, which was corrected

to 3� without pelvic fixation [7]. The results of pelvic

obliquity correction were poorer in the present study, but at

discharge 8� (43 % correction) was nevertheless achieved

in group P and 12� (51 % correction) in group AP. The

greater improvement in group AP in comparison with

group P is consistent with the results reported by Teli et al.

[9]. This might be attributed to better intraoperative flexi-

bility through anterior release in patients with combined

instrumentation. As these overall results include patients

who were not able to sit and also sitting patients, and as it

might be speculated that seated vs. supine positions may

affect pelvic obliquity measurements, a subanalysis was

performed including sitting patients alone. This subgroup

also only showed a trend toward better correction in group

AP. As the majority of the patients had L5 as the LIV, the

data are not able to show whether instrumentation to the

pelvis leads to better results with regard to pelvic obliquity

correction than instrumentation to L5.

One limitation of this study is the fact that there were

statistically noticeable differences between the patients in

group P and those in group AP with regard to the preop-

erative Cobb angle, although they had similar degrees of

flexibility. For better comparison of the two surgical

techniques, a subanalysis was performed including patients

with Cobb angles C90� and B115� and a flexibility of

B30 %—i.e., patients in whom both posterior-only or

combined surgery might be considered in everyday prac-

tice. This subanalysis only contains small numbers, but it

presents valuable results that show that there is no relevant

advantage for a combined approach over posterior-only

surgery. This finding supports the results of earlier studies

in patients with adolescent idiopathic scoliosis [24, 25].

Master et al. reported a 28 % rate of major complications

in their cohort of 131 patients with neuromuscular scoliosis

who underwent posterior or combined surgical correction,

but did not identify any statistically noticeable differences

between posterior-only and combined surgery [12]. In the

present study, the complication rate was markedly higher in

group AP at 46 % than in group P (23 %). Respiratory

complications occurred more often in group AP (major

32 %) than in group P (major 11 %). In a recent meta-anal-

ysis of patients who had undergone surgical treatment for

neuromuscular scoliosis, Sharma et al. reported that respi-

ratory complications were the most frequent (at 23 %)

among all postoperative complications [26]. It is not possible

to determine from the present data whether the respiratory

complications in the AP group were due to greater respira-

tory impairment resulting from greater deformity, or due to

the additional anterior approach. However, longer opera-

tions correlated statistically noticeably with higher
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complication rates. Interestingly, preoperative Cobb angle

and flexibility, sex, age at surgery, BMI, GMFCS, mental

retardation, preoperative frequent recurrent respiratory

infections, hip dislocation, former tenotomies, PEG tube,

blood loss, and number of anchors did not have any statis-

tically noticeable effects on the rates of major complications.

However, patients with major respiratory complications had

larger preoperative Cobb angles. The results show that

patients with a history of frequent respiratory infections, as

well as patients in whom a combined approach was used, had

higher rates of major respiratory complications, leading to

statistically noticeably longer ICU and hospital stays—a

finding that corresponds well to the literature data [27]. In a

large trial, Tsirikos et al. reported an average ICU stay of

5 days for patients with CP scoliosis who received posterior-

only treatment in comparison with 7 days for those with

combined operations; the two groups also had hospital stays

of 19 and 25 days, respectively [10]. The present results,

with median ICU stays of 1 day in group P vs. 5 days in

group AP and median hospital stays of 17 vs. 29 days, appear

to be similar. In addition to higher complication rates, one

major reason for a prolonged ICU stay in group AP was the

fact that at that time in our hospital patients were only

transferred to the normal ward after removal of the chest

drains. In a multivariate linear regression model of the

results, the preoperative Cobb angle, duration of surgery, and

postoperative respiratory complications were clear predic-

tors for a long ICU stay and hospital stay. This needs to be

taken into consideration during consultations with patients

and families prior to surgery.

A BMI lower than 15 also increased the risk of overall

complications, however not that of major complications.

This may encourage surgeons to improve the nutritional

status in these patients prior to scoliosis surgery [28].

Revision rates in CP scoliosis surgery are higher than

with idiopathic deformities, ranging between 8 and 13 % in

the literature [12, 13, 18, 26]. The revision rates in the

present study were similar. Interestingly, revision proce-

dures in both groups were always associated with problems

in the posterior approach.

Limitations of this study mainly involve in its retro-

spective nature, the fairly small absolute number of ana-

lyzed patients and baseline differences between the two

groups, e.g. different Cobb angles before surgery. How-

ever, this study is the first available one and therefore

largest one focusing on severe deformities in patients with

GMFCS levels IV and V. Results—including subgroup

analyses—provide valuable data to improve the perioper-

ative guidance that can be offered to patients and families.

They may serve as additional help and information in

everyday clinical decision-making without claiming broad

general application to all other patients with cerebral palsy.

Further prospective trials comparing posterior-only and

combined techniques would be desirable. Additionally,

patients in the presented study had very severe preoperative

Cobb angles. One might surmise that much better results

and with less complications might be achieved if patients

undergo surgery at an earlier stage. Future studies should

also focus on patients with less severe curves and compare

their results with those of severe curves.

Conclusions

This study shows good results, with an overall Cobb correc-

tion of 52 % (54 % in group P, 50 % in group AP), compa-

rable with the literature data, but in a cohort of cerebral palsy

patients with more severe deformities (mean preoperative

Cobb angle 94�) and severe impairment (GMFCS levels IV

and V). Patients with these extreme deformities and GMFCS

scores are therefore also clearly able to benefit from surgery.

The complication rate is relatively high, due to a strict defi-

nition of complications, but the revision rates are similar to

those in comparable studies in patients with less severe

deformities and lower GMFCS grades. Posterior instrumen-

tation appears to lead to comparable radiological results with

shorter operations and shorter ICU and hospital stays than

with combined surgery. Preoperative curve flexibility was an

important predictor for relative curve correction. The duration

of surgery was a relevant predictor for complication rates.
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