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BACKGROUND: Patients with kyphoscoliosis and severe respiratory impairment frequently experi-
ence reduction in exercise tolerance, limitation in daily life activities, and deterioration in health-related
quality of life (HRQOL). Noninvasive ventilation (NIV) as an add-on treatment to long-term oxygen
therapy (LTOT) was shown to improve symptoms and HRQOL in these patients. Pulmonary rehabil-
itation can increase exercise capacity and HRQOL in patients with COPD, but its role in patients with
restrictive thoracic disease, such as kyphoscoliosis, is uncertain. The aim of this study was to analyze the
effects of combining pulmonary rehabilitation with LTOT and NIV treatments on arterial blood gases
and the 6-min walk test (6MWT) in a homogeneous group of subjects with kyphoscoliosis. METHODS:
Twenty-three subjects with kyphoscoliosis and respiratory failure who were being treated with both
LTOT and NIV and who had been referred to a pulmonary rehabilitation program were retrospectively
analyzed. Eighteen subjects were included, and there was no control group. Pulmonary rehabilitation
involved educational and physical training sessions and was carried out daily for 4–6 weeks. Exercise
intensity was personalized based on individual tolerance, physiologic parameters, or physiotherapist
judgment. RESULTS: Upon completion of pulmonary rehabilitation, a significant improvement in
6-min walk distance was observed (P � .04). The dyspnea score at the end of the 6MWT improved as
well, although the improvement did not reach statistical significance (P � .06). These changes were not
confirmed at a 12-month follow-up visit. No significant effects of pulmonary rehabilitation on arterial
blood gases were observed. CONCLUSIONS: A combined intervention including a tailored pulmonary
rehabilitation program together with LTOT and NIV seems to be of short-term benefit in subjects with
kyphoscoliosis and severe respiratory impairment. Key words: kyphoscoliosis; exercise capacity; 6-min
walk test; pulmonary rehabilitation. [Respir Care 2015;60(1):1–•. © 2015 Daedalus Enterprises]

Introduction

Patients with severe chest wall deformities, such as
kyphoscoliosis, are at increased risk of developing respi-
ratory failure.1,2 When this appears, the prognosis is
poor. The most disabling symptom in these patients is
exercise dyspnea, which results in reduced exercise toler-
ance, limitation of daily life activities, and deterioration
in health-related quality of life (HRQOL).3,4 Dyspnea
in patients with severe chest wall deformities generally

derives from disadvantaged respiratory muscles, which
present an impaired capacity to generate force, with con-
sequent reduction in inspiratory capacity and decrease
in pulmonary ventilation and arterial oxygen saturation,
particularly during exercise.5 Several studies have
demonstrated the efficacy of noninvasive ventilation (NIV)
as an add-on treatment to long-term oxygen therapy (LTOT)
in improving blood gas values, exercise capacity, HRQOL,
and survival in these subjects.1,6-9
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Pulmonary rehabilitation is a multidisciplinary nonphar-
macologic treatment that aims to improve dyspnea, exer-
cise tolerance, and HRQOL in patients with chronic respi-
ratory disorders.10 However, although there are plenty of
data showing significant and clinically meaningful im-
provements from pulmonary rehabilitation in patients with
COPD, only limited information is available to date re-
garding the role of pulmonary rehabilitation in patients
with chronic restrictive pulmonary diseases11 and, in par-
ticular, in those with severe respiratory impairment due to
chest wall deformities, such as kyphoscoliosis.

The main objective of this retrospective study was to
examine whether the exercise capacity of patients with
kyphoscoliosis and severe respiratory impairment can be
improved by adding pulmonary rehabilitation to their stan-
dard home treatment, including both LTOT and NIV. The
secondary aim was to evaluate the effects of pulmonary
rehabilitation at a follow-up visit performed at 12 months
following completion of the pulmonary rehabilitation
program.

Methods

Subjects and Measurements

Records of subjects with an established diagnosis of
kyphoscoliosis who had been referred to our Pulmonary
Rehabilitation Unit for a pulmonary rehabilitation program
were retrospectively studied. Only clinically stable sub-
jects with kyphoscoliosis who were receiving home treat-
ment with both LTOT and NIV were eligible for this study.
Patients with a history of cardiac disorders or other co-
morbidities interfering with exercise were excluded.

Twenty-three subjects were selected from our database.
Three subjects were excluded from the analysis for incom-
plete data, and two others for being wheelchair-bound.
The sample size included18 subjects with no control group.
The study was approved by our institution’s ethics com-
mittee.

Before starting the pulmonary rehabilitation program,
spirometry, static lung volumes, arterial blood gas analy-
sis, nocturnal monitoring of arterial oxyhemoglobin satu-
ration (SaO2

), and 6-min walk test (6MWT) were assessed
in all subjects. Spirometry was performed while the sub-
ject was seated according to American Thoracic Society
recommendations.12 The best of three satisfactory expira-
tory maneuvers was used to obtain FEV1 and FVC. Static
lung volumes were determined by the helium dilution
method.13 Predicted values for spirometry and static lung
volumes were calculated from regression equations, with
span being used as an estimate of height.

After breathing room air for at least 30 min and while
seated, subjects underwent arterial blood gas analysis with
an automated analyzer.14 The 6MWT was performed ac-

cording to American Thoracic Society recommendations.15

The distance covered during the test was expressed in
meters and as percent of predicted.16 Dyspnea and fatigue
were assessed before and after the 6MWT using the mod-
ified Borg category ratio 10 scale.17 Upon completion of
the pulmonary rehabilitation program and at the 12-month
follow-up, arterial blood gas analysis and the 6MWT were
repeated.

We also calculated the percentage of subjects who
achieved changes of � 35 m in the six-min walk distance
(6MWD). This value was considered in a previous study
as the minimum clinically important difference for 6MWD
in subjects with moderate-to severe COPD and is not avail-
able for patients with kyphoscoliosis.18

Rehabilitation Program

The pulmonary rehabilitation program included educa-
tional interventions and physical training. It was carried
out with daily sessions (6 sessions/week) for 4–6 weeks
under the supervision of an experienced pulmonary reha-
bilitation physiotherapist.

The group educational sessions included breathing con-
trol, airway clearance, relaxation, nutrition, medication,
and oxygen use. The exercise session consisted of general
exercise, including mobilization and prevention of chest
rigidity using respiratory education techniques (abdomi-
nal-diaphragmatic ventilation, thoracic mobilization, de-
creased respiration effort, dyspnea control), and peripheral
muscle training performed on a treadmill or cycle ergom-
eter. In selected cases, a corridor walk was also consid-
ered. Exercise intensity was personalized for each subject
on the basis of individual tolerance, physiologic parame-
ters, or physiotherapist judgment. The baseline training

QUICK LOOK

Current knowledge

Patients with kyphoscoliosis and severe respiratory im-
pairment experience reductions in exercise tolerance
and deterioration in health-related quality of life
(HRQOL).Noninvasiveventilation (NIV) and long-term
oxygen therapy (LTOT) have been shown to improve
symptoms and HRQOL in these subjects.

What this paper contributes to our knowledge

A short-term pulmonary rehabilitation program in the
multidisciplinary management of subjects with severe
kyphoscoliosis combined with LTOT and NIV resulted
in improved exercise capacity. The long-term impact of
these programs are unknown.
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intensity of the treadmill was set at 70% of the average
speed of the 6MWT. Exercise intensity was subsequently
enhanced by increasing duration, speed, and possibly slope.
Bicycle training intensity was guided by the subject’s self-
assessment using the Borg scale (score of 4–6 for dyspnea
and fatigue). The duration of exercise session was 30 min,
or less when the subject deemed it necessary. An oxygen
supplement was used in all subjects to maintain SpO2

at
� 90% during exercise sessions.

Statistical Analysis

Descriptive statistics are reported as mean � SD. The
Shapiro-Wilk test was used to test variable distribution
normality. Analysis of variance for repeated measures with
the Bonferroni correction for pairwise mean comparisons
was used to test mean differences between the 3 temporal
measurements (at baseline [T0], after rehabilitation [T1],
and 1 y later [T2]) for variables normally distributed. The
nonparametric Friedman test was employed to assess dif-
ferences between the 3 temporal measurements for the
non-normally distributed variables. P � .05 was consid-
ered significant.

Results

The baseline clinical and functional characteristics of
the subjects studied are shown in Table 1. No subject had
ever smoked. All subjects presented with longstanding se-
vere impairment of respiratory function manifesting as dys-
pnea and severe arterial oxygen desaturation on exercise.
Oxygen therapy was required for all subjects during exer-
cise and for 4 subjects also at rest. All subjects had been
on home NIV treatment for � 1 y. Five of the subjects
were not taking drugs. Seven subjects used diuretics, 7
subjects used antihypertensive drugs, 6 subjects used st-
atins, 4 subjects used digitalis, one subject used amioda-
rone, and one subject used metformin. Sufficient cooper-
ation was not obtained with 2 subjects for spirometry and
with 7 subjects for lung volume determination.

The assumption of distribution normality was rejected
for Borg fatigue and dyspnea scores but was accepted for
all other continuous variables. Blood gas analysis results at
baseline, upon completion of pulmonary rehabilitation, and
at the 1-y follow-up were available for 16 of the 18 sub-
jects and did not change significantly at all time points
considered (Table 2). Baseline overnight oximetry moni-
toring showed in all subjects but one a mild reduction of
arterial oxygen saturation. In the subject presenting with
nocturnal severe arterial oxygen desaturation, it was nec-
essary to reset the ventilator. In the group as a whole, the
percent of nighttime spent with SpO2

below 90% was
8.9 � 23%.

The baseline 6MWD was 311 � 65 m (range of 206–
426 m, 58.9 � 7.2% of predicted) and significantly in-
creased to 349 � 77 m (66.8 � 8% of predicted, P � .04)
shortly after pulmonary rehabilitation, with a difference of
38 � 58 m (Fig. 1, see Table 2). An improvement of
� 35 m was achieved in 38.8% of subjects. Borg fatigue
and dyspnea scores at the end of the 6MWT were 2.5 � 2.5
and 4.2 � 3.2, respectively, and both decreased shortly
after pulmonary rehabilitation to 1.9 � 2.6 (P � .55) and
2.5 � 1.7 (P � .06), respectively (see Table 2).

The 6MWD significantly declined to 286 � 75 m
(55.2 � 7.5% of predicted) at the 12-month follow-up visit
compared with the 6MWD shortly after pulmonary reha-
bilitation (P � .005), with a difference of 63 � 64 m (see
Fig. 1). Similarly, fatigue and dyspnea scores following
the 6MWT increased to 2.8 � 3.3 (P � .55) and 4.2 � 2.7
(P � .06), respectively (see Table 2).

Discussion

Patients with severe kyphoscoliosis usually experience
a decrease in oxyhemoglobin saturation during sleep and/or
exercise for several years before the appearance of day-
time respiratory failure at rest.19 Optimal treatment in-
cludes both LTOT and NIV. In fact, it has been reported
that LTOT improves exercise oxyhemoglobin desaturation
and breathlessness, but not exercise capacity,5 whereas
NIV is particularly effective in controlling nocturnal epi-
sodes of hypoventilation and desaturation, also improving
daytime respiratory failure and exercise capacity.1,20,21,22

Although a number of studies have demonstrated that pul-

Table 1. Baseline Characteristics of the Subjects Studied

Characteristic Data

Age (mean � SD), y 60.5 � 12.6
Male/female, n 6/12
FVC (mean � SD), % predicted 32.8 � 10.0
FEV1 (mean � SD), % predicted 30.2 � 8.8
TLC (mean � SD), % predicted 42.6 � 17.0
VC (mean � SD), % predicted 38.5 � 22.9
RV (mean � SD), % predicted 55 � 19.4
T � 90% (mean � SD) 8.9 � 23.0
Comorbidities (n)

Hypertension 9
Hypercholesterolemia 6
Cerebrovascular disease 2
Cor pulmonale 2
Diabetes 1
Arrhythmias 1

TLC � total lung capacity
VC � vital capacity
RV � residual volume
T � 90% � percent of nighttime with oxygen saturation below 90%
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monary rehabilitation benefits patients with obstructive
pulmonary diseases, especially COPD,23,24 its role in pa-
tients with restrictive pulmonary diseases has not been
sufficiently evaluated.25 Among the few reports available,
Salhi et al11 studied the effects of a 24-week pulmonary
rehabilitation program in a heterogeneous group of 31 sub-
jects with restrictive pulmonary diseases, including 11 sub-
jects with kyphoscoliosis, and reported significant improve-
ments in exercise capacity, muscle force, and dyspnea.

In this study, we investigated the effect of a 4–6-week
pulmonary rehabilitation program on functional exercise
capacity in a highly homogeneous group of subjects with
kyphoscoliosis and severe respiratory impairment who
were receiving optimal home treatment with both LTOT

and NIV. Our results show substantial improvements in
exercise capacity upon completion of the pulmonary re-
habilitation program. Dyspnea scores after the 6MWT im-
proved as well, but the improvement was not statistically
significant.

The 38-m increase in 6MWD we observed is substan-
tially lower than the 54-m minimum clinically important
difference that was reported by Redelmeier et al26 for sub-
jects with COPD and that is widely used in clinical trials
to establish a clinically relevant change in 6MWD. How-
ever, Puhan et al reported a 35-m increase in 6MWD as an
important change in subjects with moderate-to-severe
COPD18 and, in a subsequent study, proposed a change of
26 � 2 m to be an acceptable value for the minimum
clinically important difference in subjects with severe
COPD.27 In this regard, the mean 38-m improvement ob-
served by us is well above the proposed 26 m for the
minimum clinically important difference and could be con-
sidered to have clinical importance in our severely com-
promised subjects.

An important question to address is whether the ob-
served improvement in both 6MWD and exercise dyspnea
translates into increased functional capacity during the ac-
tivities of daily life and/or improved HRQOL. In a recent
study of a group of subjects with chronic respiratory fail-
ure due to kyphoscoliosis, Cejudo et al28 reported that ex-
ercise training improved exercise capacity, peripheral mus-
cle strength, and HRQOL. The mean 67.2 m increase in
shuttle walk distance they reported was far greater than the
mean 38 m increase reported by us, despite the similar
functional characteristics presented by the two study pop-
ulations and the significant relationship existing between

Table 2. Results of Blood Gas Analysis, 6MWD, Fatigue, and Dyspnea Scores During the 6MWT at Baseline, at Discharge from Pulmonary
Rehabilitation, and at 1-y Follow-Up

Baseline After Rehabilitation 1-y Follow-Up Overall P
Pairwise Comparisons

T0 vs T1 T0 vs T2 T1 vs T2

pH 7.41 � 0.03 7.42 � 0.04 7.41 � 0.02 .85
PaCO2

, mm Hg 50.2 � 6.3 48.9 � 5.2 48.8 � 5.7 .17
PaO2

, mm Hg 62.4 � 12.5 64.3 � 9.0 65.6 � 10.4 .073
6MWD, m 311 � 65 349 � 77 286 � 75 .001 0.04 0.17 0.005
6MWD, % predicted 58.9 � 7.2 66.8 � 8 55.2 � 7.5 .005 0.05 0.8 0.02
Borg fatigue score

Baseline 0.7 � 0.9 0.3 � 0.9 0.6 � 1.1 .46
End of test 2.5 � 2.5 1.9 � 2.6 2.8 � 3.3 .55

Borg dyspnea score
Baseline 0.3 � 0.8 0.05 � 0.2 0.3 � 0.5 .31
End of test 4.2 � 3.2 2.5 � 1.7 4.2 � 2.7 .06

6MWD � 6-min walk distance
6MWT � 6-min walk test
T0 � at baseline
T1 � after rehabilitation
T2 � 1 y later

Fig. 1. A: Boxplot of walked meters. B: Walked meters as
percent of target. Bonferroni corrected pairwise comparisons are
reported. T0, T1, and T2 are the admission, discharge, and 1-y
follow-up, respectively. Boxes include the median and are limited
by the interquartile range; whiskers denote the 10th and 90th
percentiles.
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the 6MWT and shuttle walk test results.29 One potential
explanation for the observed difference between the two
studies is the duration of the pulmonary rehabilitation pro-
gram: 4–6 weeks in our study and 12 weeks in the Cejudo
study.28 In fact, significantly greater improvements in ex-
ercise tolerance and dyspnea have been reported in sub-
jects with restrictive lung diseases following a 24-week
pulmonary rehabilitation program compared with a 12-
week program.11

In this study, the benefit of pulmonary rehabilitation in
terms of improved exercise capacity was completely lost
at the 12-month follow-up visit. Our results agree with
data reported by Sewell et al30 showing that important
improvements in exercise tolerance in subjects with COPD
were obtained after just 4 weeks of exercise but were loss
6 months later.

A significant issue of pulmonary rehabilitation is its
duration, which can affect its short-term and long-term
effects. Indeed, maintenance of gains in exercise tolerance
at a 1-y follow-up have been reported after 20 weeks of
exercise training compared with 8 weeks in subjects with
COPD.31 The rapid short-term gain in exercise capacity
we observed in our subjects can result from overcoming
the deconditioned physical status generally presented by
patients with kyphoscoliosis. Indeed, because of their
deformity or instructions to avoid strenuous exertion, pa-
tients with kyphoscoliosis are generally unwilling to par-
ticipate in aerobic physical activities and follow a substan-
tially sedentary lifestyle. Loss of the gain in exercise
capacity observed in our study at the 1-y follow-up could
have resulted from diminished physical fitness due to a
low level of daily physical activity. Unfortunately, daily
physical activity was not assessed in our study. Our results
are potentially relevant and suggest that structured main-
tenance out-patient and/or domiciliary pulmonary rehabil-
itation programs should be evaluated for patients with ky-
phoscoliosis, similar to what is recommended for patients
with COPD.32

Despite reporting findings of potential clinical impor-
tance, the retrospective design and the absence of a control
group limit the validity of our observed outcome. How-
ever, our study group was far more homogeneous than the
subject groups included in previous trials.11 Only subjects
with severe respiratory impairment due to kyphoscoliosis
were enrolled in our study.

Conclusions

Our results reinforce the relevance of pulmonary reha-
bilitation in the multidisciplinary management of patients
with severe kyphoscoliosis. A combined intervention con-
sisting of a tailored pulmonary rehabilitation program with
LTOT and NIV may contribute to a beneficial outcome in
patients with kyphoscoliosis and severe respiratory im-

pairment. Additional prospective controlled studies are
needed to address unanswered questions, such as how to
optimize training to increase benefit, how to maintain
the benefit obtained and prevent its decline, and most im-
portantly, what strategy to adopt to promote long-term
adherence to exercise training.
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