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Background: Individuals with infantile cerebral palsy have multiple disabilities. The most 

conspicuous syndrome being investigated from many aspects is motor movement disorder with 

a spastic gait pattern. The lung function of adults with spasticity attracts less attention in the 

literature. This is surprising because decreased thoracic mobility and longstanding scoliosis 

should have an impact on lung function. With increasing age and the level of disability, 

individuals become susceptible to lung infections and reflux illness, and these are accompanied 

by increased aspiration risk. This study examined, with different methods, to what extent 

adults with congenital cerebral palsy and acquired spastic paresis – following traumatic brain 

injury – showed restriction of lung function. It also assessed the contribution of disability level 

on this restriction.

Methods: The oxygen saturation of 46 adults with a diagnosis of cerebral palsy was measured 

with an oximeter. Lung vital capacity was measured with a mobile spirometer and excursion 

of the thorax was clinically registered. The gross motor function levels and the presence or 

absence of scoliosis were determined.

Results: A significantly positive correlation between lung vital capacity and chest expansion 

was established. Both the lung vital capacity and the thorax excursion decreased with increases 

in gross motor function level. Oxygen saturation remained within the normal range in all per-

sons, in spite of reduced values of the measured lung parameters. No statistically significant 

dependency between lung vital capacity and oxygen saturation, and between chest expansion 

and oxygen saturation was found. The scoliotic deformities of the spine were associated with 

an additional decrease in the vital capacity, but this did not affect blood oxygen supply. 

Conclusion: Despite the decreased chest expansion and the significantly reduced lung volume 

in adults with cerebral palsy, sufficient oxygen supply was registered.
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Introduction
Cerebral palsy (CP) affects about 2–3 per 1,000 newborns, and it is one of the most 

frequent reasons for disability in the world.1 Besides neurological movement disorders, 

CP comprises different syndromes and problems including respiratory problems, which 

especially affect people with severe disabilities. A typical problem noted in premature 

infants is bronchopulmonal dysplasia, which causes pneumonia and respiratory failure, 

as well as influenza or infection of the lower respiratory tract.2 In a study of respira-

tory function of spastic children, the lung vital capacity (VC) was measured with a 

spirometer and compared with that of able-bodied persons.3 Spastic diplegic children 

showed the most reduced VC, and their respiratory function was more affected than in 

hemiplegic children. Also, during the feeding of persons with severe disabilities who 

also suffer from gastrointestinal reflux, aspiration could happen and lead to aspira-

tion pneumonia.4 The oxygen saturation (OS) level, as measured by pulse oximetry, 
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decreased during feeding in the sitting position because 

of the stress on the circulatory system.5 Reid et al studied 

the causes of death among persons with CP for a period of 

35 years.2 The most common direct causes of death were 

respiratory-related. To improve the pulmonary function, early 

respiratory exercises are important and have to be included 

in the therapy programs for people with CP.6

Not only lung function, but also expansion (excursion) 

of the chest, can influence respiratory function. Decreased 

chest expansion (CE), as measured by chest circumference 

in maximal inspiration and expiration, was detected in 

children with spastic CP.7 CE was significantly decreased 

when compared to healthy people, and it also decreased 

with increasing age.

In our study, OS, VC, and CE were measured in adults 

with CP. The dependency of VC on CE and on Gross Motor 

Function Classification System (GMFCS) mobility level was 

also examined. The GMFCS is an internationally recognized 

classification system that assesses motor function and assigns 

an individual one of five levels, with higher levels indicating 

more severe motor impairment. Additionally, we investigated 

the influence of clinically diagnosed scoliosis on VC, CE, 

and OS. Our aim was to gain a better understanding of the 

main factors associated with breathing problems in people 

with CP by cross-comparing information about lung and 

respiratory function, motor impairment, and other physical 

parameters.

Methods
sample
Forty-six adults aged from 22–59 years diagnosed with 

CP were examined. Most of them had congenital CP; only 

four had the same syndromes (ie, tetraparesis acquired 

after traumatic brain injury many years ago). Four patients 

(8.7%) were classified as GMFCS level I, three (6.5%) as 

GMFCS level II, 18 (39.1%) as GMFCS level III, and 21 

(45.7%) as GMFCS level IV. The presence or absence of 

scoliosis was determined by an experienced orthopedic 

surgeon. Sixteen of the patients (34.8%) were diagnosed 

as having scoliosis. All individuals were involved in the 

general rehabilitation and training program at a center 

for persons with CP. The therapy program ran during the 

patients’ work day and was comprised of speech therapy, 

physiotherapy, and occupational therapy, as well as 

respiratory exercises. To protect each participant’s iden-

tity, no personal information (eg, age, weight, diagnosis, 

height, sex) is disclosed here. All experimental procedures 

were approved by the ethics committee of the faculty of 

medicine of the Technical University of Munich (refer-

ence 43/14). Informed consent was obtained from all 

participants before starting the measurements.

spirometry
VC was measured with a spirometer (MiniSpir®) from MIR 

(Medical International Research Srl, Rome, Italy). The 

spirometer was connected to a computer via a universal serial 

bus (USB) cable and controlled via the software supplied. 

For hygiene reasons, individual disposable turbines were 

used to perform the measurements. 

During the measurement, the participant was asked to 

completely enclose the turbine with his or her mouth, to 

inhale up to his or her maximum capacity, and then to 

exhale with the maximum force possible. The VC was 

determined as the difference in the volume between 

maximal inhalation and maximum exhalation. The mea-

surement was repeated four to five times, and the maxi-

mum value was chosen. Some persons could not enclose 

the turbine completely with their mouths. In these cases, 

a mouthpiece made of rubber was used to help stream the 

inhaled air into the turbine. 

Oxygen saturation (pulse oximeter)
OS refers to the concentration of oxygen in the blood. The 

values in the range of 96%–100% are considered normal. To 

measure the heart rate and OS in the blood, a pulse oximeter 

(PO80; Beurer GmbH, Ulm, Germany) was used. The pulse 

oximeter is ideal for measurements among people with 

CP because it is noninvasive, fast, and has no disturbing 

effects.

During the measurement, the oximeter was simply 

clamped to the tip of a finger and the result was read directly 

from the device. Alternatively, the oximeter was connected 

to a computer via a USB to record the course of OS and heart 

rate. Recordings were made over a period of 5 minutes with 

a sampling rate of 1 Hz. In the evaluation, an average value 

over the entire measurement period was calculated.

chest expansion
CE was measured with a tapeline for maximum inspira-

tion and expiration, and also during normal breathing. The 

tapeline was positioned slightly below the mammillary line. 

CE was calculated as the difference, in cm, between the 

perimeter of the chest at maximum inspiration and that at 

full expiration. To compare the measured values of CE with 

the normal values reported by Moll and Wright,8 the patients 

were assigned to different groups based on age.
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statistical analysis
The data were analyzed using the R-package STATS for 

Windows.9 We investigated the relationship between VC and 

CE. The association between OS and CE and the relation-

ship of OS to the deviation of the measured CE (DCE) from 

the norm were analyzed. We also examined the association 

between OS and VC and between OS and the deviation of 

VC (DVC) from the norm. The norm values of VC were 

calculated using the following formulas:10

VC (male, in l) =  10-3 × (27.63 - (0.112× age)) × height (cm)
 (1)

VC (female, in l) =  10-3 × (21.78 - (0.101× age)) × height (cm)
 (2)

A comparison of the DCE, DVC, and OS between patients 

with and without scoliosis was carried out. In the statistical 

analysis, Student’s t-test, analysis of variance (ANOVA), 

Pearson’s correlation, and the χ2 test were used, depending 

on the variables and objectives. The significance was set 

at P0.05.

Results
For all individuals, independent of the severity of the diag-

nosis and GMFCS, the OS showed physiological values 

(Table 1). The mean values of CE were below the normal 

values in all age groups8 (see Table 1 and Figure 1). For 

example, in the age group of 25–34 years, the mean CE was 

4.37 cm smaller for males and 3.21 cm smaller in females 

when compared to the normal values. The values of VC 

were also lower than the matched norm values (see Table 1 

and Figure 2). 

Both CE and VC varied inversely with the GMFCS: the 

greater the level of severity, the lower the mean values of 

CE and VC that were measured (see Figures 3 and 4). This 

dependency was not statistically significant for CE (ANOVA, 

P=0.08), but it was significant for VC (ANOVA, P=0.012). 

Despite the decrease in CE and VC with GMFCS, no 

changes in OS with GMFCS level were observed (ANOVA, 

P0.12).

We verified the hypothesis that VC and CE were corre-

lated, and the degree of their functional dependency. To this 

end, polynomial predictors of degree n, n=1–6 based on the 

nonlinear regression analyses that were used.9 The computed 

R2 values (the coefficients of determination) and Pearson’s 

coefficients (r) of the correlation between the measured and 

predicted values are presented in Table 2. Both R2 values (the 

coefficients of determination) and Pearson’s coefficients (r) 

of correlation are sufficiently large. Additionally, Pearson’s 

correlation test confirms the significant correlation between 

the measured and predicted values, with P-values 0.05 

beginning from n=2.

The hypothesis on the presence of a correlation between 

CE and OS, as well as their degree of functional dependency, 

was verified. As expected, the R2 values grow with n, but 

they remain sufficiently small (see Table 2), which points 

to the absence of significant functional dependency between 

OS and CE. Pearson’s correlation coefficients are also suf-

ficiently small. Moreover, Pearson’s correlation test proves 

the hypothesis that there is zero correlation between the 

measured and predicted values, with relative large P-values 

(Table 2). Additionally, the nonparametric χ2 test shows a 

high level of independence of the measured and predicted 

random values for all n. The magnitude of P-values for 

the χ2 test is about 0.35 for all n. These results show the 

low likelihood of the presence of a functional dependency 

between OS and CE. 

The analogous statistical results listed in Table 2 show 

the absence of the significant correlation and functional 

dependency between OS and the DCE from the norm values 

reported by Moll and Wright;8 see the computed R2 values, 

Pearson’s correlation coefficients, and P-values. Moreover, 

a significant correlation and functional dependency between 

OS and VC and between OS and the DVC was also absent 

(see the corresponding R2 values, Pearson’s correlation coef-

ficients, and P-values listed in Table 2).

To study the influence of scoliosis on VC and CE, two 

groups of individuals were considered: the first one included 

15 people with scoliosis (SG); and the second one contained 23 

people without scoliosis (NSG). We examined the DVC from 

the norm values computed by Equations 1 and 2. The mean 

value of the DVC for the SG was equal to 2.189±0.434 L, the 

mean value for the NSG was equal to 1.216±0.388 L. This 

difference is statistically significant (t-test, P0.001); that is, 

the two groups have different DVCs.

The second question concerned the deviation, DCE, in the 

SG and NSG. The mean values were equal to 4.006 cm for SG 

and 3.382 cm for NSG. The difference was not statistically 

significant (t-test, P=0.365). Nevertheless, it should be noted 

that the 95% confidence interval for the t-test (-0.763 to 

2.013) shifted towards positive values, which indicates that 

the DCE for the SG is greater than that for the NSG; that is, 

the SG showed a larger deviation from the normal values 

than did the NSG.

It should be noted that no significant difference in the OS 

for the SG (mean ± standard deviation [SD]=96.33%±1.35%) 
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Table 1 Measurement results 

N VC (L) Normal VC (L) Inspiration (cm) Expiration (cm) CE (cm) OS (%)

1 1.20 Absent sick sick sick 99
2 1.86 2.69 88.50 85.50 2.50 97
3 2.03 2.84 Absent Absent Absent 97
4 1.00 3.12 Absent Absent Absent 97
5 2.00 4.01 87.50 85.50 2.00 98
6 2.65 3.85 119.50 117.50 2.00 96
7 2.75 3.32 112.00 110.00 2.00 95
8 3.00 4.35 96.00 86.50 9.50 99
9 1.80 4.04 Absent Absent Absent 99
10 Absent 3.88 84.00 82.00 2.00 Absent
11 3.52 4.23 94.00 86.00 8.00 98
12 4.00 4.13 Absent Absent Absent 97
13 1.99 3.99 97.50 94.00 3.50 98
14 1.80 3.88 91.50 90.00 1.50 98
15 5.00 4.89 119.00 116.00 3.00 96
16 2.66 4.04 Absent Absent Absent 97
17 1.28 3.63 sick sick sick 95
18 5.52 4.7 137.00 133.50 3.50 97
19 1.00 3.92 Absent Absent Absent 97
20 3.11 4.01 121.50 119.50 2.00 96
21 1.00 3 104.00 103.00 1.00 97
22 3.11 4.22 108.50 106.00 2.50 97
23 1.69 3.46 96.00 94.50 1.50 95
24 1.00 3.55 91.00 89.00 2.00 98
25 0.68 3.91 103.50 102.00 1.50 97
26 2.09 3.79 88.00 83.00 5.00 94
27 0.78 3.36 90.00 90.00 0.00 93
28 1.80 3.91 118.00 117.00 1.00 98
29 2.20 3.97 98.00 96.00 2.00 99
30 4.00 3.8 111.50 110.50 1.00 99
31 2.50 3.56 98.00 97.00 1.00 95
32 0.87 3.38 112.00 109.00 3.00 90
33 1.00 3.5 103.00 100.00 3.00 98
34 Absent 3.58 Absent Absent Absent 94
35 Absent 3.91 102.00 100.50 1.50 98
36 2.40 3.56 106.00 100.50 5.50 99
37 Absent 3.11 94.50 94.00 0.50 99
38 1.26 3.36 94.00 94.00 0.00 98
39 Absent 3.83 Absent Absent Absent 99
40 Absent 3.73 96.00 94.00 2.00 99
41 2.30 4.27 102.00 101.00 1.00 96
42 Absent 3.89 103.50 103.00 0.50 Absent
43 2.00 4.3 102.00 98.00 4.00 97
44 1.80 3.92 87.00 85.00 2.00 97
45 2.21 3.54 87.00 85.00 2.00 97
46 2.90 4 103.00 99.50 3.50 97

Abbreviations: n, number; Vc, vital capacity; ce, chest expansion; Os, oxygen saturation.

and the NSG (mean ± SD=97.086%±0.521%) was found 

(t-test, P=0.668). The confidence interval (-2.175 to 0.668)  

shifted towards negative values, indicating that – though not 

significantly different – the mean OS for the SG is lower 

than that for the NSG. Nevertheless, both means fell in the 

range of normal values.

Discussion
Similar to Ezeugwu, who compared lung function in people 

with stroke and healthy controls,12 the chest excursion in 

our study was reduced in all age groups both for male and 

female individuals, as compared to the norm values reported 

by Moll and Wright.8 The reduced CE associated with CP is 
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caused by weakness of the trunk muscles and difficulty in 

stabilizing trunk posture. However, the decreased CE does 

not affect the level of blood OS, which remains in the range 

of normal values.

Hutzler et al13 observed reduced VC in children with CP 

when compared to matched healthy persons. Improvement 

of lung function was achieved via a swimming program 

that took place two times a week for 6 months. In our study, 

VC was also decreased when compared to the calculated 

aged-, body height- and sex-matched normal values. 

Nevertheless, the decreased VC did not influence OS in 

adults with CP.

According to our findings, scoliotic deformity of the spine 

causes additional restriction of the functionally related VC 

and CE, which is in agreement with the results by Campbell 

et al.14 Kalen et al15 compared OS in two groups of individuals 

with quadriplegia: one group had severe scoliosis; another 

group had mild or no curves. No differences in the OS levels 

were registered. In our study, no difference was established 

between the measured mean OS values for persons with 

scoliosis and those without scoliosis, which suggests that 

oxygen supply in adults can reach normal levels despite the 

larger DVC from normality with a diagnosis of scoliosis. 

The OS values were at physiological levels, despite the 

reduced VC and CE, the lack of correlation between VC and 

OS, and the lack of correlation between CE and OS. This sug-

gests that there is an adaptation in the bodies of persons with 

CP to their reduced mobility, which is reflected in the normal 

OS values. The natural question that arises is how does OS 

remain at normal levels? All patients in this study underwent 

physiotherapy and performed respiratory exercises several 

times a week. Also, they frequently had different therapies 

like Bobath physiotherapy, breathing exercises, and speech 

and swallowing therapies to prevent contractures and to 

retain their mobility and facilitate their breathing. Moreover, 

they were regularly examined by an experienced orthopedic 

surgeon and internal doctor. Considering the positive results 

that swimming exercises have been observed to have on the 

enhancement of VC in children with CP,13 the normal levels 

of OS observed here likely reflect the training that these 
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Table 2 results of the statistical analysis

Degrees of polynomial approximation

n 1 2 3 4 5 6

Vc versus ce R 0.112 0.136 0.143 0.147 0.152 0.198
r 0.335 0.369 0.379 0.384 0.391 0.445
P 0.066 0.04 0.035 0.033 0.03 0.012

ce versus Os R 0.019 0.046 0.059 0.089 0.110 0.110
R 0.140 0.214 0.243 0.299 0.333 0.330
P 0.434 0.230 0.172 0.090 0.058 0.058

Dce versus Os R 0.0076 0.053 0.055 0.056 0.060 0.104
R 0.087 0.231 0.236 0.237 0.245 0.323
P 0.622 0.187 0.178 0.176 0.161 0.060

Vc versus Os R 0.023 0.056 0.070 0.110 0.151 0.168
r 0.152 0.242 0.265 0.332 0.389 0.410
P 0.355 0.137 0.102 0.004 0.014 0.010

DVc versus Os R 0.017 0.023 0.024 0.037 0.104 0.105
r 0.129 0.153 0.155 0.192 0.322 0.323
P 0.430 0.352 0.345 0.241 0.050 0.040

Notes: n, degree of polynomial approximation; R, R2 values; r, Pearson’s correlation coefficients; P, P-values.
Abbreviations: Vc, vital capacity; ce, chest expansion; Os, oxygen saturation; Dce, deviation of the measured chest expansion from the normal values; DVc, deviation of 
the measured vital capacity from the normal values.

patients receive every week. Physical therapy and training 

programs should therefore be a part of schools and centers 

for persons with physical disabilities. Moreover, the mobility 

of individuals with CP is reduced, which suggests that they 

do not need the same physiological VC and CE as normally 

developed, healthy adults.

Conclusion
A significant functional relationship between lung VC and the 

CE of adults with CP was established. Despite the reduced 

VC and decreased CE, with the exception of four patients that 

presented with levels between 90% and 94%, the blood OS 

levels were not lower than 95% for the majority of patients 

involved in the study. No significant functional dependencies 

were found between VC and OS and between CE and OS. 

Even in patients with scoliotic deformities of the spine, which 

contributed to a reduction in lung VC and CE, oxygen supply 

within the normal range was observed. We concluded that the 

body systems of adults with CP involved in regular physical 

therapy and training programs adapt to individual conditions 

over the long term to retain sufficient oxygen supply. 
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