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Abstract

Purpose Posterior instrumented spinal fusion is indicated

for progressive scoliosis that develops in Duchenne mus-

cular dystrophy (DMD) patients. Whilst spinal fusion is

known to improve quality of life, there is inconsistency

amongst the literature regarding its specific effect on

respiratory function. Our objective was to determine the

effect of scoliosis correction by posterior spinal fusion on

respiratory function in a large cohort of patients with

DMD. Patients with DMD undergoing posterior spinal

fusion were compared to patients with DMD not under-

going surgical intervention.

Methods An observational study of 65 patients with

DMD associated scoliosis, born between 1961 and 2001:

28 of which underwent correction of scoliosis via posterior

spinal fusion (Surgical Group) and 37 of which did not

undergo surgical intervention (Non-Surgical Group). Pul-

monary function was assessed using traditional spirometry.

Comparisons were made between groups at set times, and

by way of rates of change over time.

Results There was no correlation between the level of

respiratory dysfunction and the severity of scoliosis (as

measured by Cobb angle) for the whole cohort. The Sur-

gical Group had significantly worse respiratory function at

a comparable age pre-operatively compared to the Non-

Surgical Group, as measured by per cent predicted forced

vital capacity (p = 0.02) on spirometry. The rate of decline

of forced vital capacity and per cent predicted forced vital

capacity was not slowed following surgery compared to the

non-operated cases. There was no significant difference in

survival between the two groups.

Conclusions Severity of scoliosis was not a key deter-

minant of respiratory dysfunction. Posterior spinal fusion

did not reduce the rate of respiratory function decline.

These two points suggest that intrinsic respiratory muscle

weakness is the main determinant of decline in respiratory

function in DMD.
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked

recessive disease that affects 1 in 3,500 male live births [1],

making it the commonest form of muscular dystrophy [1,

2]. Dystrophin is a large cell-membrane protein involved

with calcium transport in muscle cells. Mutations in the

Xp21 region of the X chromosome lead to a deficiency of

dystrophin resulting in skeletal, respiratory and cardiac

muscle weakness [1, 3].

The natural history of untreated DMD leads to the

development of an abnormal gait, calf hypertrophy and

difficulty rising from the floor when 2–5 years of age [4];

with wheelchair dependence occurring most commonly by

9–10 years of age [5]; and development of progressive

scoliosis in 95 % of patients thereafter [6, 7]. Progressive

respiratory muscle weakness decreases respiratory reserve

and causes sleep-related hypoventilation [8, 9]. As the

disease progresses, hypoventilation starts to occur during

daytime. Respiratory failure is still the major cause of
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death, but heart failure secondary to cardiomyopathy has

been implicated in some patients [10, 11].

Medical interventions including influenza vaccination,

early antibiotic delivery, glucocorticosteroids, nocturnal

non-invasive mechanical ventilation with bi-level positive

airway pressure (BiPAP), and the use of angiotensin-con-

verting enzyme inhibitors for the treatment of cardiomy-

opathy [10, 12] have led to significant improvements in

quality of life and life expectancy. The mean age of death

for DMD patients in the 1960s was 14 years improving

now to around 27 years [5, 13].

Posterior instrumented spinal fusion is the treatment of

choice for the progressive scoliosis that develops in DMD

patients; it improves sitting balance, comfort, appearance,

and quality of life [3, 14–16]. Surgery involves segmental

spinal instrumentation with sublaminar wires and more

recently pedicle screw fixation with titanium rods often

fusing from the second thoracic vertebra to the fifth lumbar

vertebra or to the pelvis depending on the degree of pelvic

obliquity. The advent of the pedicle screw fixation has led

to shorter operation times and reduced blood loss [17].

Some authors advocate prophylactic spinal fusion for low

magnitude curves on the assumptions that all curves will

progress [18]. Most authors advise spinal stabilization

before respiratory and cardiac function have deteriorated to

a point that would make general anaesthesia unsafe, and

whilst the curve is still mobile [6, 11, 19–21].

There is, however disagreement in the literature as to the

specific effect of spinal surgery on respiratory function.

Whilst the majority of authors claim that surgery has little

impact on the rate of respiratory deterioration as shown by

spirometry [3, 15, 21–23], there are some studies that report

positive findings [11, 20, 24]. Galasko et al. [20] reported

that forced vital capacity (FVC) stabilized for 36 months

following spinal fusion, compared with a deterioration of

8 % per year in a non-operated group. It would seem logical

that correction of spinal deformity should improve, or at

least slow the deterioration of respiratory function; given the

mechanical effects of a deformed thorax further adding to

deterioration in respiratory function [25].

The purpose of this study is to clarify the effect of

posterior spinal fusion on pulmonary function, by com-

paring surgical to non-surgical patients over a 40-year

period.

Materials and methods

Institutional Human Research Ethics Committee approval

was obtained for this study. The study cohort included 65

patients with DMD, born between 1961 and 2001 who

were treated at a metropolitan children’s hospital muscular

dystrophy clinic. The diagnosis of DMD was based on

family history, muscle enzyme assay, electrophysiological

studies, and muscle biopsy. Patients who walked beyond

13 years old were excluded, as this could indicate a milder,

Becker-type dystrophy. Patients with incomplete data

(serial pulmonary function tests or serial Cobb measure-

ments) were excluded from the study.

Indications for posterior spinal fusion included docu-

mented curve progression, loss of seating balance, pain and/

or discomfort. During the 40-year period, 28 patients

underwent posterior spinal fusion (Surgical Group, SG) and

37 did not (Non-Surgical Group, NSG). Various non-surgi-

cal treatments were offered initially, including bracing (no

longer considered to be effective) and glucocorticosteroids.

During this time period, the surgical method utilised subla-

minar wiring with Luque–Galveston instrumentation, and/or

supplemental pedicle screw fixation. From 1984 onwards,

the majority of children were supported with positive pres-

sure ventilation; either alone or in addition to surgery. There

was no change in rate of surgical intervention throughout the

time period.

Data was collected from the case notes, sitting radio-

graphs, and pulmonary function tests for all patients. The

severity of the scoliosis was measured using the Cobb

method [26]. Pulmonary function tests (PFT) were carried

out using the Ohio 842 Spirometer and Jaeger Masterlab

System in addition to sleep study data.

Statistical analysis was undertaken using Stata Inter-

cooled version 10.1 for Windows and SPSS version 15.0 for

Windows. Cobb angles, FVC, and %FVC data were ana-

lysed using the non-parametric Wilcoxon rank sum (Mann–

Whitney) test, as data were not normally distributed (as

determined by the skewness/kurtosis tests for normality).

Results

The mean age at which the surgery was carried out for the

SG was 14.2 years (range 10.8–18.3 years). This same age

(14.2 years) was chosen for the NSG for sake of compar-

ison with the SG. Using ‘date of surgery’ as the set point

removes the effect of age on respiratory decline.

Data was collected from two time points in each group;

For the SG, data was collected pre-operatively and again

1.0 year later. For the NSG, data was collected as close to

14.2 years of age and again 1.8 years later. There were no

peri-operative deaths, however three patients developed

superficial wound infections, and two had transient blood-

loss anaemia. These patients were not excluded.

Cobb angle

For the SG the mean pre-operative Cobb angle was 56.4�
[standard deviation (SD) 20.7, range 10–90] (Table 1). The
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mean post-operative Cobb angle was 21.6� (SD 11.0, range

6–51), representing a mean correction of 34.8� (range

10–84�) or a mean improvement of 61.7 %.

For the NSG, the mean Cobb angle was 34.9� (SD 26.5,

range 8–110) prior to the set point. At the second time point,

the mean Cobb angle had deteriorated to 51.0� (SD 31.8, range

10–128), representing a mean deterioration of 16.1� or 46.1 %.

We found no association between curve severity (Cobb

angle) and respiratory function (%FVC) at any point in

time for the whole group or for the SG or the NSG

(p = 0.16) (Figs. 1, 2). Furthermore, there was no associ-

ation between a change in Cobb angle and a change in

%FVC in either group (i.e. an improvement in Cobb angle

did not correlate with an improvement in respiratory

function or vice versa) (p = 0.14) (Fig. 3).

Pulmonary function tests

There was no statistically significant difference in the mean

age at which the pulmonary function test data for the two

groups were collected (p = 0.30 for time point 1, p = 0.55

for time point 2). However despite the ages at testing being

comparable, the SG had a significantly lower %FVC pre-

dicted when compared to the NSG (36.2 vs. 54.3 %,

respectively, p = 0.02). There was no statistically signifi-

cant difference in the rate of decline in %FVC per year in

the SG when compared to the NSG (SG 5.6 % decline/year

vs. NSG 6.9 % decline/year, p = 0.35).

Table 1 Mean age and Cobb angle data for Surgical Group and Non-

Surgical Group at time points 1 and 2

Surgical Group Non-Surgical Group

Pre-surgery/time 1

N 28 26

Mean age (SD) (years) 14.2 (1.9) 13.9 (2.2)

Mean Cobb angle (�) (SD) 56.4 (20.7) 34.9 (26.5)

Range Cobb angle (�) 10–90 8–110

Post-surgery/time 2

N 24 21

Mean age (SD) (years) 15.2 (2.5) 15.7 (1.9)

Mean Cobb angle (�) (SD) 21.6 (11.0) 51.0 (31.8)

Range Cobb angle (�) 6–51 10–128
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Fig. 1 Relationship between Cobb angle and % predicted FVC for

the entire cohort (both groups) at 1st time point. No correlation was

observed between the severity of scoliosis (Cobb angle) and level of

respiratory dysfunction (FVC %) (p = 0.16)
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Fig. 2 Relationship between

Cobb angle and % predicted

FVC for the Non-Surgical

Group (NSG) and the Surgical

Group (SG). No correlation was

observed between the severity

of scoliosis (Cobb angle) and

level of respiratory dysfunction

(FVC %) in either group (NSG:

p = 0.19; SG: p = 0.96)
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Survival

Of those patients that have died, we found no difference in

the mean age of death between the groups (p = 0.11).

Discussion

In this study, posterior spinal fusion in children with

Duchene muscular dystrophy was not associated with a

reduction in the decline of respiratory function when

compared to a similar non-surgical cohort.

Like others who have published in this area [3, 5, 11, 15,

19, 20], our study was not randomised; and conclusions are

made after a defined period of observation and measure-

ment for each patient which is relevant in consideration of

their progressive disease. Surgery was undertaken for those

individuals with documented curve progression, loss of

seating balance, pain or discomfort. Results from a previ-

ous study suggest that it would be ‘‘unethical to randomise

any future studies on spinal stabilization in this disease,’’

given the proven beneficial effects of spinal fusion on

quality of life [20].

The pre-operative comparisons of FVC, %FVC, and

Cobb angles indicated that the SG had more serious respi-

ratory impairment when compared to their non-surgical

counterparts at any age. We speculate that Duchenne’s

muscular dystrophy is a heterogeneous disease, with some

boys developing symptoms both of a more serious nature,

and at a younger age. This is in keeping with the work of

others who have published in this area [11].

The lack of correlation between severity of scoliosis

(Cobb angle) and respiratory function (FVC, %FVC) was

somewhat surprising. We found that across both groups,

less severe scoliosis did not partner less severe respiratory

dysfunction, and vice versa. Particularly surprising was that

this observation held true for both static measurements and

dynamic ones, where we compared the reaction of FVC to

both scoliosis deterioration and improvement, and found no

difference. Logic would tend to suggest that reduced space

available for the lung in DMD associated scoliosis would

lead to further reduction in pulmonary function over and

above that which occurs as a result of respiratory muscle

weakness alone, but our data would suggest otherwise. A

further explanation is that scoliosis may not cause restric-

tive pulmonary dysfunction until curves are in the order of

50�–60� [27]. In our study the mean pre-operative Cobb

angle for the SG was 56.4� (SD 20.7, range 10–90). We

found similar rates of respiratory decline in the members of

the SG who did indeed have pre-operative curves in the

ranges 80–90�; when compared to patients with less severe

scoliosis. This indicates that correction even of the more
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Fig. 3 Change in Cobb angle versus Change in % predicted FVC in

Non-Surgical Group (NSG) (left) and Surgical Group (SG) (right).
Both graphs depict change in Cobb angle, which can be either

negative (indicating a improvement in scoliosis) or positive (indicat-

ing worsening scoliosis). The vertical dashed lines on both graphs

represents no change. Note that all the NSG (left) had INCREASES in

the Cobb angle; whereas all the SG (right) had decreases in Cobb

angles in the range 20�–60�. The Y-axis shows change in FVC. Note

the horizontal dashed line represents zero change and indicates that

all patients deteriorated in respiratory function between the two time

points. This shows that regardless of whether the Cobb angle

deteriorates in the NSG, or improves in the SG, the FVC continues to

decline. Along with the previous graph, this indicates that there is no

association between Cobb angles and FVCs, even when measured

over time with significant improvement in the Cobb angle (NSG:

p = 0.37; SG: p = 0.34). Outliers have been excluded
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‘significant’ curves, still did little to reverse the deteriora-

tion in lung function.

Whilst the respiratory failure in DMD has traditionally

been attributed to both respiratory muscle weakness and

scoliosis; our study questions the contribution that scoliosis

adds to the respiratory failure.

With the limitation of non-randomisation in mind, and

with these results indicating more serious disease in those

patients who underwent surgery, it is important to have an

awareness of the heterogeneity of this disease when

drawing conclusions. The lack of significant improvement

in the SG is perhaps more due to their disease severity, than

to the inadequacy of treatment per se. A similar situation

presented itself to Miller et al. [15] and Kennedy et al. [3],

where, prior to having surgery, the SGs had inferior FVC

and %FVC, respectively. Velasco et al. [11] reported

considerable variability in disease, despite the mutated

dystrophin gene producing a similar phenotype. Given this,

and the finding that the rate of FVC decline within indi-

vidual patients is linear [28], it would be prudent to com-

pare patients with themselves, rather than against others

with a different ‘severity’ of DMD.

Analysis of patients with exclusion of intra-disease

differences would be ideal. One study attempted this, and

reported a reduced rate of FVC decline from 8 %/year

preoperatively to 3.9 %/year post-surgery [11]. In contrast,

newer techniques in improved ventilatory support such as

BiPAP have been shown to improve symptoms, quality of

life, and reduce frequency of hospital admissions [29].

Eagle et al. [5] recently reported the median survival of

patients treated with posterior spinal fusion and BiPAP to

be 30 years of age compared to 22.2 years of age for those

treated with BiPAP alone. Furthermore, respiratory func-

tion in DMD has traditionally been measured by the FVC1

and the FVC expressed as a percentage of the predicted

value based on published normative data (%FVC2). This

can predict hypercapnia and survival [30, 31]. The initial

respiratory complications of DMD, however, occur during

sleep, when respiratory control is at a nadir and muscle

atonia leaves only the diaphragm to maintain respirations

[32]. Future aims of this study group include the use of

sleep studies to more accurately define variations in treat-

ment groups. Boys with DMD-induced diaphragmatic

weakness suffer hypoventilation; a pre-cursor to conscious

respiratory compromise that is measurable with sleep

studies [10].

This study has not demonstrated any significant

improvement in respiratory function following correction

of scoliosis via posterior spinal fusion for DMD-associated

scoliosis. It suggests that respiratory deterioration in itself

is not an indication for spinal fusion. Spinal fusion will not

improve the intrinsic weakness that affects the respiratory

muscles in these patients. This is significant finding given

that surgical correction is not without complications; a

recent study reported a peri-operative complication rate of

48.1 % following posterior-only pedicle screw instrumen-

tation [33]. Spinal fusion does, however, still have a role,

and has clearly been shown to improve sitting balance, pain

and discomfort, nursing care, and most importantly quality

of life [3, 14–16, 20].
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