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Abstract
Study Design—Retrospective review of scoliosis progression, pulmonary and cardiac function
in a series of patients with Duchenne Muscular Dystrophy (DMD).

Objective—To determine whether operative treatment of scoliosis decreases the rate of
pulmonary function loss in patients with DMD.

Summary of Background Data—It is generally accepted that surgical intervention should be
undertaken in DMD scoliosis once curve sizes reach 35 degrees to allow intervention before
critical respiratory decline has occurred. There are conflicting reports, however, regarding the
effect of scoliosis stabilization on the rate of pulmonary function decline when compared to non
operative cohorts.

Methods—We reviewed spinal radiographs, echocardiograms, and spirometry, hospital, and
operative records of all patients seen at our tertiary referral center from July 1, 1992 to June 1,
2007 Data was recorded to Microsoft Excel and analyzed with SAS and R statistical processing
software.

Results—The percent predicted forced vital capacity (PPFVC) decreased 5% /year prior to
operation. The mean PPFVC was 54% (sd=21%) prior to operation with a mean postoperative
PPFVC of 43% (sd=14%). Surgical treatment was associated with a 12% decline in PPFVC
independent of other treatment variables. PPFVC after operation declined at a rate of 1% per year
and while this rate was lower, it was not significantly different than the rate of decline present
prior to operation (p=0.18). Cardiac function as measured by left ventricular fractional shortening
declined at a rate of 1%/year with most individuals exhibiting an LVFS rate of >30 prior to
operation.

Conclusion—Operative treatment of scoliosis in DMD using the Luque Galveston method was
associated with a reduction of FVC related to operation. The rate of pulmonary function decline
after operation was not significantly reduced when compared to the rate of preoperative FVC
decline.
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Introduction
Duchenne Muscular Dystrophy (DMD) is a fatal neuromuscular disease, affecting 2 to 3 in
10,000 male births. It is inherited as an X-linked recessive condition caused by a frameshift
mutation in the dystrophin gene at the Xp21.2 locus of the X chromosome1. Dystrophin is a
large cell-membrane protein involved in calcium transport in muscle cells. Affected boys
produce little normal dystrophin gene product leading to muscle cell death and replacement
with fibrofatty tissue2. The age of onset of scoliosis in boys with DMD is associated with
the age at which they lose the ability to ambulate, which generally occurs between the ages
of ten and fourteen years. The scoliosis is initially relatively minor in severity and has an
apex at the thoracolumbar junction. As involved males become wheelchair confined, the
curves progress and evolve to include the entire thoracic and lumbar spine with potentially
catastrophic increases in pelvic obliquity 3,4. Death from pulmonary failure typically occurs
in the second or third decade of life with respiratory failure responsible for death in
approximately 90% of affected individuals. The remaining 10% of deaths occur due to
myocardial disease and its sequelae including heart failure and dysrythmia.

As scoliosis occurs commonly in these patients, several studies have been performed
describing its occurrence, side effects and natural history. For example, in a group of thirty-
three untreated boys in whom serial radiographs were obtained until eighteen months prior
to death, the rate of progression averaged 2.1° per month 5,6,7. Oda et al. found that only
15% of forty-six patients with scoliosis had no progression after four-years of follow-up8.
Without surgical intervention, scoliotic curves in DMD may progress to Cobb angles
exceeding 80° 9-11.

The long-term outcome of patients with DMD is determined primarily by the respiratory
deterioration associated with profound muscle weakness. Pulmonary decline in DMD is due
primarily to respiratory muscle weakness, but negative mechanical effects of the deformed
thorax on the underlying lungs have also been suggested. The effects of spinal fusion on
limiting progression of the restrictive pulmonary disease in DMD have been addressed in
variable detail with conflicting reports as to the beneficial effects of surgical stabilization on
the rate of forced vital capacity loss 12-20. For example, two classic studies and one recent
publication note a decrease in the rate of decline in pulmonary function when compared to
nonoperative comparison groups10,11,13,. However, other publications refute these findings
suggesting that the rate of decline in pulmonary function is not significantly changed in
cohorts of patients undergoing operation 18,19,20.

Materials and Methods
After IRB approval, we reviewed the charts and radiographs of DMD patients in our
institutional database. A diagnosis of DMD was determined by clinical findings along with
massively elevated creatine phosphokinase levels, an absence of dystrophin staining in
muscle biopsy specimens by immunocytochemistry, and dystrophin gene mutations. Surgery
was advised to nonambulatory DMD patients once early curve progression had been
documented and using a traditional Cobb angle threshold of thirty-five degrees. Once these
thresholds had been met, posterior spinal fusion was performed from the upper thoracic
region to L4, L5, or the sacrum. As our hospitals serve as tertiary pediatric referral centers,
many patients were referred to our clinics with moderate to severe deformities due to curve
progression. Many of these patients experienced considerable discomfort, seating
difficulties, combined with progressive pulmonary decline. The pulmonary function studies
were obtained once patients were able to follow instructions necessary to comply with
spirometry testing. In select patients, pulmonary function tests were initiated by age four.
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We collected data relating to steroid treatment, left ventricular fractional shortening (LVFS),
forced vital capacity (FVC), Cobb angle, pelvic obliquity (PO), Estimated Blood Loss
(EBL), operative time, length of time intubated, and survival after surgery and entered data
into Microsoft Excel. We studied 174 male patients with DMD, ranging from 9 to 35 years,
with an average age at initial visit of almost 21 years. 72 subjects were on steroids, 22
subjects were not on steroids, and the steroid treatment status of 80 subjects was unknown.
There were 117 subjects who did not have surgery, 55 who had surgery, and 2 with
unknown status. Among 55 subjects who were treated with spinal fusion with
instrumentation, 43 had post-operative measurements available. Of these, 28 patients were
treated with Luque Galveston instrumentation with sublaminar wire fixation, and 15 had
surgery performed using hybrid fixation with pedicle screws, hooks, wires and iliac bolts.

Statistical analysis began with summary statistics (mean, standard deviation, and box plots
for each measurement, including differences between last pre-operative and first post-
operative measurement, and frequencies of categorical data). Growth curve (longitudinal)
models were fitted to estimate how Cobb angle, pelvic obliquity, FVC and LVFS changed
over time, whether this varied by age at initial visit (compared to a reference patient at 9
years old, the youngest referral in our study), and how surgery affected the clinical course.
We used growth curves to estimate both the immediate effects on the trajectory after surgery
and the longer-term effects on rate of change, compared to pre-operative and nonoperative
patients. This approach allowed for effects of unequal numbers and spacing of pre- and post-
surgical assessments. The effects of height and weight on FVC and LVFS trajectories were
also investigated. Cobb angle and pelvic obliquity were log-transformed before fitting
growth curves to address skewed distributions. Two subset analyses were performed on the
growth curve models. The first analysis was restricted to those individuals with information
available on whether they took steroids throughout the study and were created to investigate
the effect of steroid use on the four outcomes. The second analysis was restricted to those
individuals who had surgery and were created to investigate if there was a significant
difference between the two surgical techniques used. This difference was only investigated
for outcomes that were significantly predicted by surgery (Cobb angle, pelvic obliquity and
FVC). Differences between the surgery group pre-surgery and the non-surgery group were
also investigated through longitudinal models.

Results
Characteristics of operative patients and their clinical outcomes

The average patient age at operation was 14.2 years (sd=-2.6) and the mean preoperative
Cobb angle at measurement closest to surgery was 49° (Table 1). The average preoperative
pelvic obliquity was 13°. Surgery resulted in approximately 50% correction of the Cobb
angle to a postoperative mean of 24° and a correction of pelvic obliquity to 8°. There were
only minor differences in the preoperative values between the Luque Galveston group and
the hybrid instrumentation group for both Cobb angle and pelvic obliquity; hybrid
instrumentation use was associated with somewhat but not statistically significantly better
correction of pelvic obliquity (P=0.41).

Surgical correction of scoliosis resulted in a mean blood loss of 2005cc and patients
remained intubated for 0.6 (sd=0.9) days after operation. The average length of ICU stay
was 2.7 days (sd=1.3) and there were no peri-operative deaths.

Main Cobb angle progression
There were 80 patients for whom radiographs were available for measurement of Cobb
angle. An average of five radiographs were obtained during the course of treatment with an

Roberto et al. Page 3

Spine (Phila Pa 1976). Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



average interval between visits of 0.73 years. Nonsurgically treated patients showed
generally increasing trajectories of Cobb angle during follow-up, but short of the level at
which we recommend surgery (Figure 1a). Surgically treated patients showed pre-operative
trajectories of increasing Cobb angle, typically followed by a sharp drop after surgery
(Figure 1b). These spaghetti plots also demonstrate substantial variation between patients
and even within patients, with trajectories rarely being perfectly smooth, and the plots
suggest an asymmetric distribution with some extremely high Cobb angles. We fitted growth
curve models to log-transformed Cobb angles and obtained estimates of rates of change and
the impact of surgery on Cobb angle trajectories; coefficients are reported in Table 2 as
percent differences, after anti-log transformation. The estimated Cobb angle at clinic referral
for a patient at the reference age, 9 years old, was 15° and this did not change significantly
with an increase in age at initial visit (P=0.18). During follow-up, however, we estimated an
average increase of 31% per year in Cobb angle (P<0.001) for non-surgical patients and for
surgical patients prior to surgery. Surgical patients experienced a 50% drop in Cobb angle at
the first post-operative measurement (P<0.001). After this initial post-operative drop, the
Cobb angles began increasing again but the rate of increase was significantly slower than the
pre-operative rate. Instead of 1.31-fold or 31% per year, the rate dropped to 85% of that or
1.11-fold per year (11% per year). Surgery following an increase to Cobb angle of 35°
would lead by our model to a substantially improved trajectory (Figure 2).

Our models allowed for differences between patients in Cobb angle at initial visit; we also
examined the effects of surgery in separate models restricted to surgical patients, and in
models allowing for differences between nonsurgical and surgical patients in rate of change
from initial visit, but the effects of surgery were not materially changed in those models.

Pelvic Obliquity
There were 78 patients in whom radiographs were available for pelvic obliquity
measurements, with an average number of 5.1 radiographs per individual and an average
interval between visits of 0.73 years. Spaghetti plots of the trajectories of pelvic obliquity
for nonsurgical patients (Figure 3a) and surgical patients (Figure 3b) showed patterns similar
to those for Cobb angle, with increasing angles prior to surgery and a drop in angle at the
first post-operative measurement. Growth curve models, fitted to the log-transformed pelvic
obliquity data, confirmed the visual observations (Table 3). The model estimated that a
reference patient, aged 9 years old at first measurement, would have a pelvic obliquity of 5°
and would experience an increase in pelvic obliquity of 14% per year (P<0.001). Age at first
measurement was not associated with a difference in initial pelvic obliquity. A patient who
had surgery using either Luque Galveston or hybrid techniques was estimated to have a 20%
reduction in his pelvic obliquity (P<0.001). Although surgery was followed by an immediate
reduction in pelvic obliquity, there was not a statistically significant change in the rate of
increase in pelvic obliquity during the post-operative follow-up period compared to the pre-
operative period or to non-surgical patients, and the mean trajectory resumed its gradual rise
(Figure 4). We found no significant differences in rate of change before surgery between
pre-operative and nonoperative patients (not shown).

Cardiac Function
Although respiratory failure is the primary cause of death in DMD patients, some patients
die secondary to myocardial failure. In our case series, due to the large number of missing
observations in the left ventricle ejection fraction measurement (293 out of 443, or 66%),
left ventricular fractional shortening (LVFS) was the measurement used to examine cardiac
function. In brief, LVFS is the two dimensional cross sectional change seen between systole
and diastole and is a directly measured indicator of myocardial function. One hundred and
five patients had adequate echocardiographic records, with LVFS measurements ranging
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from 0 to 50. There was an average of approximately 4 echocardiograms per subject with an
average of 1.1 years between visits. Spaghetti plots for non-surgical patients (Figure 5a) and
non-surgical patients (Figure 5b) show variation but little striking trend. In most individuals
LVFS was maintained in a normal range at the age when most children with DMD undergo
scoliosis surgery.

We used growth curve models to characterize the effects of age, time (in years) since
diagnosis with DMD, surgery, time (in years) after surgery, height and weight on LVFS
trajectories. The estimated mean LVFS at baseline for a reference patient 9 years old was
39.6, decreasing about 0.6 for every year older at first measurement (P<0.001). Over the
course of follow-up, a patient's mean LFVS decreased by 0.84 per year (P<0.001). Height
and weight were not associated with LFVS in this group. There was no significant change in
LFVS at the first measurement following surgery, but there was a modest reduction in the
rate of cardiac function decline over time compared to the pre-operative rate (P=0.04).

Respiratory Function
FVC expressed as percent of predicted value (%FVC) was used as a measure of pulmonary
function. One hundred and nine patients had forced vital capacity measurements; the mean
number of PFT measurements was 5.1, with an average of 0.8 years between visits. Figure
6a shows the trajectories of percent predicted FVC over time for nonsurgical patients, and
Figure 6b for surgical patients pre- and post-operatively. Growth curve models characterized
the trajectories before surgery; effects of age, height and weight; and effects of surgery on
FVC immediately after surgery and over the follow-up period. The mean baseline percent
predicted forced vital capacity was approximately 110% (Table 5). This decreased by two
percentage points for every year older a patient was at first measurement (P<0.001), and by
0.2 percentage points for every centimeter taller, after accounting for age (P<0.001), but was
unrelated to weight (P=0.76). Following the initial referral for DMD, the mean FVC
decreased almost five percentage points per year of follow-up. For patients who underwent
operative treatment, there was an eleven percent reduction in forced vital capacity
immediately following surgical intervention which did not occur in the non-operative group.
The average rate of postoperative FVC decline of 4% per year was not significantly different
than the average preoperative or non-operative rate of FVC decline of 5% per year; the
estimated trajectory for surgical patients thus showed a drop in pulmonary function after
surgery, followed by continued decline (Figure 7).

Steroid treatment and progression of the disease
Subset analysis was performed on individuals who received steroid treatment to see if
treatment had a significant effect on any of the above measurements. However, steroid use
did not significantly affect the Cobb angle (p = 0.49), LVFS (p = 0.93), FVC (0.64) or pelvic
obliquity (p = 0.3).

Luque Rod Vs. Hybrid Fixation
Subset analysis was performed on individuals who had surgery to determine if the type of
spinal instrumentation used had a significant effect on Cobb Angle, FVC or pelvic obliquity.
While there was a trend towards better correction of Cobb angle and pelvic obliquity with
Hybrid techniques of instrumentation, the difference in trends did not meet statistical
significance. However, there was a 14% greater reduction in FVC in the Luque Rod group
compared to the Hybrid group (p = 0.04; Table 6).
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Discussion
Our analysis examined the trajectories of four key clinical measures for nonoperative
patients and for operative patients during the period prior to surgery, and also assessed the
immediate and long-term effects of surgery on the trajectories for the operative patients. As
we would expect, because operative patients were selected through a process dependent on
the degree of the Cobb angle measure, the preoperative cohort had absolute measurements
of Cobb angle and pelvic obliquity that were almost 50% higher than the nonoperative
cohort. Cobb angle increased 31% per year and pelvic obliquity increased 14% per year for
all patients who had not had surgery, but there was no significant difference in rate of
change per year between the preoperative and nonoperative subjects. We also found no
differences between preoperative and nonoperative patients in their rate of decline in cardiac
contractility as reflected by fractional ventricular shortening, about 1 unit per year. There
were no significant differences at baseline or in the rate of change in forced vital capacity,
about 5 percentage points decline per year, when comparing the pre-surgical and non-
surgical cohorts. These findings indicate that, while the operative cohort may have been
clinically more advanced at initial visit, all patients in our cohort were experiencing
comparable rates of physical and functional decline in the absence of corrective surgery.

The trajectories we describe fall within the range of values reported in the majority of
previous studies9-11,21. Our reported 31% per year rate of progression of Cobb angle is
similar to that reported by Galasko et al who reported a progression rate of 3 degrees per
year in ambulatory children and a 7 degree per year progression rate once individuals
became wheelchair bound13. We note a one percent decrease in LVFS per year after the
diagnosis with DMD and one half percent loss in LVFS per year of age in our patient series.
While other authors have commented on the nature of cardiac dysfunction present (dilated
cardiomyopathy) or segmental wall motion abnormality, we are not aware of previous
publications which predict the rate of left ventricle ejection fraction or left ventricular
fractional shortening loss. With regard to lung function, Kurz et al noted that FVC decreased
4% for every year of age after diagnosis and for every 10 degrees of scoliosis which had
occurred 16. More recently Velasco et al reported an 8% rate of FVC loss per year prior to
operation in their patient cohort, however, the rate of pulmonary capacity loss was based on
two preoperative values only. Similarly their postoperative rate of FVC decline (3%) was
based upon two spirometry measurements, one of which was the preoperative value used to
calculate the preoperative rate of decline11. While our rates of pulmonary function decline
before and after operation do not correlate with the rates of decline seen in the study by
Velasco et al, we note that the 8% decline quoted in their series is higher than most other
clinical series. As the majority of pulmonary function loss is related to progressive muscle
disease and weakening of the diaphragm, FVC is not likely to be changed by the alterations
in chest wall shape that occurs with scoliosis correction.

We found that surgery was associated with substantial corrections both to Cobb angle (50%
reduction) and pelvic obliquity (21% reduction), and for Cobb angle, with a reduction in rate
of progression after surgery, from 31% per year to just 11% per year. The rate of pelvic
obliquity progression was not effectively reduced postoperatively compared to the
nonoperative patients. As pelvic obliquity is a major source of sitting imbalance in
neuromuscular scoliosis, it is disappointing to note that the Luque Galveston technique was
ineffective in improving and maintaining pelvic obliquity reduction. Previous authors have
noted similar results and have demonstrated the superiority of iliac and iliosacral screw
fixation methods used to correct pelvic obliquity in neuromuscular scoliosis 22,23.

In our Luque Galveston instrumented patient cohort we note that there was a 12% decrease
in percent predicted forced vital capacity attributable to the surgical intervention itself. The
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decrease forced vital capacity is concerning as in this fragile cohort of patients surgical
intervention has been previously advocated for the positive effects on pulmonary function
predicted by linear regression models16. We have determined that the decrease in FVC due
to surgery is not an artifact of surgery being performed on the subjects with more severe
cases of DMD (and hence a lower FVC), as there are no significant differences between the
preoperative group and the non-operative group either at study entry or in change in FVC
over time.

Recent publications document decreases in FVC and increases in residual volume following
posterior spinal fusion in idiopathic scoliosis 24,25,26. As deleterious effects are seen even in
children and adolescents with normal diaphragmatic muscle undergoing scoliosis correction
for idiopathic scoliosis, it is reasonable to expect similar changes in scoliosis patients with
neuromuscular disease.

While we did not note a significant effect of steroids on any of the cardiac, pulmonary, or
radiologic markers of scoliosis severity, there was no standardization of steroid
administration in this series. For example, the steroid positive group may have been treated
with Prednisone or Deflazicort during this time frame and the drug dose or duration of
administration was not standardized. The ratio of steroid treated patients to no steroid
treatment in this study was approximately three to one. Our results do not concur with other
authors' reports regarding steroid effects. For example, a retrospective review of patients
treated with or without Deflazacort noted prolonged ambulation, significantly greater FVC
(88%vs 39%) in the steroid positive group compared to the non treated group27. These
results must be interpreted against the backdrop of significant inter-individual differences in
range of FVC seen in children with DMD as reported by Rideau et al28.

Study limitations
Our study group consists of a consecutive cohort of patients with retrospective chart review.
While our patient series is relatively large, many nonoperative patients did not have all four
clinical measures available. In addition steroid use was not consistent and there were
patients with Deflazacort or Prednisone treatment and the dosing regimens may have been
variable throughout the period of study. Additionally, study conditions were not optimized
to ensure high statistical power in predicting the effects of steroid treatment. We did not note
a significant effect of steroids on the rate of curve progression, FVC loss, pelvic obliquity
progression or change in Left Ventricular fractional shortening. These parameters could be
addressed in prospective randomized studies.

The purpose of this review was to report on scoliosis process measures --Cobb angle over
time, pelvic obliquity over time, pulmonary function, cardiac function and longevity as
specific outcomes in the treatment of patients with Duchennes dystrophy. The study was not
designed prospectively to address the overall utility of scoliosis surgery on the quality of life
for a child and family afflicted by Duchennes, thus it did not include non-operative,
preoperative, and postoperative patient based outcomes instruments to measure the effects of
operation. Further, while the surgical treatment methods were contemporary during the
period of observation, numerous authors have noted improved acute scoliosis correction and
maintenance of correction using screws and hooks in the thoracic and lumbar spines and
screw fixation to the ilium.

While many efforts were undertaken to record the effects of sagittal plane alignment on
pulmonary function, lateral radiographs of the spine were not routinely obtained at
scheduled clinic visits on most patients. In general, lateral radiographs were only obtained at
the time of the initial clinic inpatient visit and at the time of admission for operation. Hence
in most individuals (>90%), we were not able to assess the effects of sagittal plane
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alignment on pulmonary function or the propensity for curve progression. A notable strength
of our study, compared to previous work, was the use of growth-curve models to
characterize the trajectories throughout the entire pre- and post-surgical period, and to
compare operative to nonoperative patients. Using these models, we were able to use all
available data while adjusting appropriately for unequal numbers and spacing of
measurements; for differences in age, height and weight of patients; and for variance of
measurements between and within patients at initial clinical visit and during the course of
clinical follow-up.

We believe that patients can be counseled regarding the beneficial effects of scoliosis
surgery in reducing the ultimate severity of scoliosis in DMD. As previous studies
demonstrate catastrophic deformity resulting from unrelenting curve progression in at risk
individuals, significant improvements may result in sitting balance and comfort level.
However, we cannot substantiate in our series review a decrease in the rate of pulmonary
function loss after scoliosis surgery performed at our institutions using sublaminar wires and
pelvic rod fixation. More refined health related quality of life measures and patient based
satisfaction instruments should be utilized in prospective randomized studies to determine
the merit of surgical intervention in DMD scoliosis, with the ultimate goal of improving the
quality of life in Duchenne Muscular Dystrophy via modern approaches to deformity
reduction and correction.

As a result of our review of the consecutive patient series at our institution(s) we
recommend the following.

1. If progressive scoliosis is seen in patients with DMD, surgical correction is offered
as a means of diminishing the rate of deformity progression.

2. We recommend the use of pelvic fixation with iliac screws and advocate for rigid
thoracic and lumbar fixation with pedicle screws and hooks rather than wire only
constructs.

3. We inform patients and their families that there may be a reduction in pulmonary
function (FVC) after operation and that scoliosis surgery may not arrest or diminish
the rate of pulmonary function loss when compared to unoperated individuals.

Cobb angles progressed at a rate of 31% per year in patients diagnosed with
Duchennes Dystrophy

Percent Predicted forced vital capacity declined at a rate of 5 percent per year in non-
surgically treated patients.

The rate of decline in FVC was not significantly reduced by spinal fusion.

Cardiac function (LVFS) declined at a rate of one percent per year and was typically
not critically diminished at age twelve when most patients undergo spinal fusion.
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Figure 1.
Figure 1A: Cobb Angle Non-Surgery Patients
Figure 1B: Pelvic Obliquity Surgery Patients At Point of Surgery
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Figure 2. Predicted Cobb Trajectories
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Figure 3.
Figure 3a: Pelvic Obliquity Non-Surgery Patients
Figure 3b: Pelvic Obliquity Surgery Patients At Point of Surgery
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Figure 4. Predicted Pelvic Obliquity Trajectories
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Figure 5.
Figure 5a: LVFS Non-Surgery Patients
Figure 5b: LVFS Surgery Patients At Point of Surgery
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Figure 6.
Figure 6a: FVC Non-Surgery Patients
Figure 6b: FVC Surgery Patients At Point of Surgery
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Figure 7. Predicted Forced Vital Capacity Trajectories
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Table 1
Clinical measures in surgical cohort: pre-operative and post-operative means

We reviewed PFTs, echocardiograms and xrays of patients treated with DMD and scoliosis to establish
progression rates and effects of treatment on these parameters. Spinal surgery resulted in a 50% reduction of
Cobb angle, FVC declined 5%/year with the rate being unaffected by operation. LVFS declined by 1%/year.

Measurement Surgical group (n=43) Luque Galveston
technique (n=28)

Hybrid technique (n=15) P value for technique
difference

Age at operation (yrs) 14.2 14.4 13.7 0.33

Cobb angle

 Pre-operative 49.2 49.2 49.3 0.99

 Post-operative 25.7 26.5 24.4 0.98

 Change 23.5 25.0 25.2 0.97

Pelvic obliquity

 Pre-operative 13.2 13.6 12.5 0.8

 Post-operative 7.7 8.8 5.8 0.45

 Change 5.5 4.2 8.2 0.41

Predicted forced vital capacity

 Pre-operative 0.6 0.6 0.6 0.94

 Post-operative 0.4 0.4 0.4 0.15

 Change 0.2 0.2 0.1 0.15

Left ventricular fractional
shortening

 Pre-operative 32.5 32.7 32.2 0.77

 Post-operative 30.1 30.6 31.3 0.78

 Change 2.4 2.4 -0.3 0.38
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Table 2
Estimated Cobb angle trajectories and the effects of age and surgery on trajectory,
measured as percent change

Trajectory parameter Estimate 95% CI P value

Predicted first measurement for 9 yr old. 14.7 (10.6, 20.1) <0.001

Percent change per year older at baseline 2% (-1%, 6%) 0.18

Percent change per year of follow-up 31% (18%, 45%) <0.001

Percent change immediately after surgery -50% (-56%, -43%) <0.001

Percent change per year in post-op period (P value compared to pre-op change per yr) 11% (0%, 23%) <0.001

Spine (Phila Pa 1976). Author manuscript; available in PMC 2012 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Roberto et al. Page 20

Table 3
Estimated pelvic obliquity trajectories and the effects of age and surgery on trajectory,
measured as percent change

Trajectory parameter Estimate 95% CI P value

Predicted first measurement for 9 yr old. 3.33 (2.02, 5.49) <0.001

Percent change per year older at baseline 2% (-2%, 6%) 0.26

Percent change per year of follow-up 14% (8%, 21%) <0.001

Percent change immediately after surgery -21% (-37%, -1%) 0.04

Percent change per year in post-op period (P value compared to pre-op change per yr) 14% (13%, 15%) 0.94
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Table 4
Estimated left ventricular fractional shortening trajectories and the effects of age and
surgery on trajectory, measured as percent change

Trajectory parameter Estimate 95% CI P value

Predicted first measurement for 9 yr old. 40.0 (35.2, 44.0) <0.001

Change per year older at baseline -0.59 (-0.84, -0.34) <0.001

Change per cm taller -0.008 (-0.03, 0.02) 0.54

Change per kg heavier 0.008 (-0.03, 0.05) 0.70

Change per year of follow-up -0.84 (-1.25, -0.43) <0.001

Change immediately after surgery -1.20 (-3.55, 1.15) 0.32

Change per year in post-op period (P value compared to pre-op change per yr) -0.20 (-0.82, 0.42) 0.04
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Table 5
Estimated predicted forced vital capacity trajectories and the effects of age, height, weight
and surgery on trajectory (1=average for age, ×100 to give % of predicted)

Trajectory parameter Estimate 95% CI P value

Predicted first measurement for 9 yr old. 1.10 (1.0, 1.2) <0.001

Change per year older at baseline -0.02 (-0.03, -0.01) <0.001

Change per cm taller -0.001 (-0.001, -0.002) <0.001

Change per kg heavier 0.000 (-0.001, 0.001) 0.76

Change per year of follow-up -0.05 (-0.05, -0.04) <0.001

Change immediately after surgery -0.12 (-0.16, -0.08) <0.001

Change per year in post-op period (P value compared to pre-op change per yr) -0.04 (-0.03, -0.05) 0.19
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Table 6
Estimated predicted forced vital capacity trajectories for surgery patients only, and the
effects of age, height, and surgery type on trajectory (1=average for age, ×100 to give % of
predicted)

Trajectory parameter Estimate 95% CI P value

Predicted first measurement for 9 yr old. 1.08 (0.72, 1.45) <0.001

Change per year older at baseline 0.02 (0.00, 0.03) 0.01

Change per cm taller -0.001 (-0.001, -0.000) <0.001

Change per year of follow-up -0.05 (-0.05, -0.04) <0.001

Change immediately after surgery, hybrid procedure -0.04 (-0.05, -0.03) <0.001

Change immediately after surgery, Luque rod procedure (P value compared to hybrid procedure -0.18 (-0.31, -0.05) 0.04
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