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Abstract

There is not enough evidence regarding the effects of trunk control on respiratory muscle strength and activities of daily living
(ADL) in children with cerebral palsy (CP). This study was planned to investigate the effects of trunk control on respiratory muscle
strength and ADL in children with spastic CP. A total of 34 children with spastic CP (M ± SD age, 9.3 ± 2.4 years) and 30 typical
peers (M± SD age, 9.7± 2.1 years) were included in the study. Trunk control was evaluated by the Trunk Control Measurement Scale
(TCMS), ADL was evaluated by Pediatric Evaluation of Disability Inventory (PEDI), and respiratory muscle strength was evaluated by
mouth pressure meter. The trunk control, respiratory muscle strength, and ADL of the children with spastic CP were significantly
lower than their typically peers (P < 0.001, respectively). There were statistically significant correlations between the trunk control
and maximum inspiratory pressure (MIP) (r = 0.503, P < 0.05), maximum expiratory pressure (MEP) (r = 0.465, P < 0.05), mobility
subscale of Functional Skills Scale of PEDI (FSS-MS) (r = 0.570, P < 0.001), self-care subscale of Caregiver Assistance Scale of PEDI
(CAS-SS) (r = 0.431, P < 0.05), mobility subscale of Caregiver Assistance Scale of PEDI (CAS-MS) (r = .607, P < 0.001), and Gross Motor
Functional Classification System (GMFCS) (r = -0.522, P < 0.05) in children with spastic CP. In addition, MIP, MEP, PEDI FSS-MS, CAS-SS,
and CAS-MS were independently predictors of trunk control in children with spastic CP. The results of this study demonstrate that
trunk control in children with spastic CP is correlated positively to MIP, MEP values and their daily living activities and we suggest
this should be taken into account when planning an intervention to improve the ability of daily living function for children with
spastic CP.
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1. Background

Cerebral palsy (CP) can be defined as a group of disor-
ders of movement and posture causing activity limitation
that are attributed to non-progressive deficits in the imma-
ture brain (1). The motor disorders in CP are often accom-
panied by the deficits in cognition, communication, per-
ception, respiration, behavior, and sensory system (2, 3).

Children with CP have many primary motor impair-
ments such as the lack of selectivity, mobility, muscle weak-
ness, abnormal muscle tone, impaired coordination be-
tween the agonist-antagonist muscles, and lack of postural
control. These motor impairments also lead to secondary
problems such as contractures and bony deformities fur-
ther in life. Whether primary or secondary, all these prob-
lems may reduce independence in the activities of daily liv-
ing (ADL) in children with CP with different severity (4).

Postural control is defined as ensuring proper posi-

tioning of the body in space as well as maintaining body
alignment and stability by controlling the center of grav-
ity in the base of support (5). Dysfunction in postural con-
trol is a key problem in children with CP. Trunk control is
one of the primary aspects providing postural control. The
trunk serves as the center of our body, which acts as a sta-
ble base of support during upper and lower limb activities,
provides regulation of balance reactions and successful ex-
ecution of functional activities (6) and has an active role in
activities such as reaching and walking (7). The lack of con-
trol in the trunk affects functional mobility and balance as
well as limiting participation in ADL (4, 8) in children with
CP.

Pulmonary dysfunction is also a common problem due
to the motor impairment of the respiratory muscles in
children with CP. These children may cope with poor co-
ordination patterns, low tidal volume, and decreased car-
diopulmonary capacity in respiratory muscles. Accord-
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ingly, parenchymal lung pathologies, such as diffuse small
atelectasis and decreased lung tension may also be seen. As
a result, these pathologies can also affect motor develop-
ment and performance of ADL in children with CP (9).

From the biomechanical perspective, respiratory mus-
cles especially diaphragm, also serves for postural stabil-
ity and control (10). Several studies concluded that there
is a relationship between the activity of the diaphragm
and intercostal muscles and both respiratory and postu-
ral functions (10-12). However, there is no information re-
garding the relationship between trunk control and res-
piratory muscle strength in children with spastic CP. This
study was planned to investigate the effects of trunk con-
trol on ADL and respiratory muscle strength in children
with CP in level 1 or 2 according to the Gross Motor Func-
tion Classification System (GMFCS).

2. Methods

This study had 90% power and 5% standard error. A to-
tal of 21 children with hemiplegia, 13 children with diple-
gia between the ages 6 - 15 years, and 30 typical peers be-
tween the ages 7 - 14 years were included in this study.
The inclusion criteria for the children with CP were; to
be at the level of 1 or 2 in GMFCS, having neither ortho-
pedic surgery nor Botulinum Toxin-A injection in the last
6 months, having no cooperation problems and scoliosis
during postural evaluation. Demographic data of all chil-
dren were recorded and the GMFCS levels were determined
by a five-year experienced pediatric physiotherapist.

Trunk Control Measurement Scale (TCMS) was used to
assess the trunk control of the participants. TCMS mea-
sures the state of balance on the support surface and the
ability to actively move body parts during functional ac-
tivities, which are the two components of trunk control.
TCMS consists of 15 items in total that are scored on 2, 3, or
4 point ordinal scale and administered bilaterally in case
of clinical relevance. The total TCMS score ranges from 0
to 58. A high score on this scale represents a better perfor-
mance (13). It has been shown that TCMS is a valid and reli-
able scale for assessing trunk control in children with spas-
tic CP (13).

The ADL of the children were assessed by the Pediatric
Evaluation of Disability Inventory (PEDI), which is a clini-
cal measurement developed by Haley and is used to evalu-
ate the change in the functional skills, functional abilities,
and performance of children with disabilities (14). PEDI
consists of two sections as Functional Skills Scale and Care-
giver Assistance Scale. The Functional Skills Scale, is di-
vided into three subscales: Self-care, mobility, and social
function, which consists of 197 items in total, is scored as
unable as “0”, and capable as “1”. The Caregiver Assistance

Scale, is also divided into three subscales: self-care, mobil-
ity, and social function, which consist of 20 items in total.
Each item in this section is scored between “0” and 5”. A
score of 5 indicates that the child is completely indepen-
dent, while a score of 0 indicates that the child is com-
pletely dependent on the caregiver. It has been shown that
PEDI is a valid and reliable inventory for children in Turkey
(15).

Respiratory functions were assessed by measuring the
respiratory muscle strength. These measurements were
done by using the respiratory pressure meter (Micro Med-
ical Micro RPM, UK) and performed according to American
Thoracic Society/European Respiratory Society criteria (16).
Maximal Inspiratory Pressure (MIP) was measured in the
residual volume after maximal expiration, while Maximal
Expiratory Pressure (MEP) was measured in total lung ca-
pacity after maximum inspiration (17). The measurements
were done in a sitting position by a physiotherapist with a
10 year experience in the field of pediatric pulmonary re-
habilitation. She was blinded to the TCMS and PEDI scores
of the children. The children were encouraged verbally by
the physiotherapist and nose clips were used during the
process. Each measurement was repeated three times and
the highest score was recorded (within %5) and expressed
in cm H2O.

All evaluations were done in the morning at Gazi Uni-
versity, Department of Physiotherapy and Rehabilitation,
Pediatric Rehabilitation Unit. Each child was first assessed
for respiratory muscle strength and then trunk control.
A total break of 10 minutes was given for all children be-
tween the evaluations to prevent fatigue; all evaluations
took an average of 90 minutes. If the child was unable to
complete the assessment in one session they are recalled
on the next day to finalize the assessment.

The information regarding the study was sent to the
regular schools for obtaining the control group. The volun-
teers who agreed on participating in the study were eval-
uated at the Pediatric Rehabilitation unit of the Physio-
therapy and Rehabilitation Department at Gazi University.
The study was approved by the Ethics Committee of the
Kecioren Training and Research Hospital, Ankara, Turkey
(protocol no: 2012-KAEK-l5/1572) and performed in accor-
dance with the Declaration of Helsinki.

2.1. Statistical Analysis

IBM® SPSS © 22 software was used for the statisti-
cal analysis of the study. Visual (histogram and proba-
bility plots) and analytical methods (Shapiro Wilk test)
were used to determine whether the data were normally
distributed. The Independent Samples t-test was used to
compare two independent groups when the normal dis-
tribution conditions were met, and the Mann-Whitney U
test was used to compare two independent groups when
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normal distribution conditions were not met. Correla-
tion coefficients and statistical significance for normal dis-
tributed numerical variables were calculated by Pearson
Correlation test. Correlation coefficients and statistical sig-
nificance were evaluated by Spearman Correlation test for
inter-variable relationships, at least one of which was nor-
mally non-distributed or ordinal. In addition, the effects
of trunk control on respiratory muscle strength and ADLs
were determined by simple linear regression analysis. The
type 1 error level was accepted as 5% for statistical signifi-
cance.

3. Results

A total of 36 children with CP and 32 typical peers were
included in the study. Two children with CP were excluded
due to not meeting the inclusion criteria (1 child with CP
had a Botox injection one week before the evaluation, 1
child with CP and 2 children in the control group could
not cooperate during the respiratory muscle strength test-
ing). Therefore, this study was completed with 34 children
with CP (21 hemiparetic, 13 diparetic) and 30 typical peers.
Demographic characteristics of both groups were shown
in Table 1. There was no difference between the groups in
terms of gender, age, height, weight, and body mass in-
dex (BMI) (P > 0.05). The trunk control, respiratory mus-
cle strength, and ADLs of the children with CP were signifi-
cantly lower than their typical peers (P < 0.001) (Table 2).

The total score of TCMS was positively correlated with
MIP (r = 0.503, P < 0.05), MEP (r = 0.465, P < 0.05), mo-
bility subscale of Functional Skills Scale of PEDI (FSS-MS)
(r = 0.570, P < 0.001), self-care subscale of Caregiver Assis-
tance Scale of PEDI (CAS-SS) (r = 0.431, P < 0.05), mobility
subscale of Caregiver Assistance Scale of PEDI (CAS-MS) (r =
0.607, P < 0.001), and negatively correlated with GMFCS (r
= -0.522, P < 0.05). On the other hand, the scores of MIP and
MEP were significantly correlated with self-care subscale of
Functional Skills Scale of PEDI (FSS-SS) (r = 0.617, P < 0.001;
r = 0.584, P < 0.001, respectively) and CAS-SS of PEDI (r =
0.711, P < 0.001; r = 0.520, P < 0.05, respectively) in chil-
dren with CP. There was also a positive correlation between
trunk control and MIP (r = 0.469, P < 0.05), MEP (r = 0.355,
P < 0.05), PEDI FSS-SS (r = 0.409, P < 0.05), and PEDI CAS-SS
(r = 0.414, P < 0.05) in their typical peers (Table 3).

It was determined that, the trunk control affects the
MIP, MEP, PEDI FSS-MS, PEDI CAS-SS, and PEDI CAS-MS scores
in children with spastic CP (Table 4).

4. Discussion

There was not enough evidence stating the effect of
trunk control on respiratory muscle strength in children

with spastic CP. A number of studies have examined the re-
lationship between the respiratory functions, sitting pos-
tures and sitting frames of children with CP (18, 19). So,
this is the first study examining the relationship of trunk
control with respiratory muscle strength in children with
spastic CP, who have mild involvement. It was seen that,
trunk control affects the MIP, MEP and ADLs in children
with spastic CP at the level of 1 and 2 according to the GM-
FCS.

Although, the study showed that the children with CP
had similar demographic characteristics with their con-
trol peers, it was observed that the TCMS scores were lower
in children with CP, which is in line with the findings of
Heyrman et al. (13, 20). Trunk may affect the mobility,
which is an important parameter for ADLs. As Saether et al.
and Heyrman et al. reported trunk control was associated
with trunk movements during walking, and the trunk took
an active role during walking (4, 8), which shows that the
low TCMS scores were correlated with poor performance
during walking. It was found that the increase in the TCMS
score resulted in an increase in all sub-parameter scores
in PEDI except for the self-care subscale of FSS section in
the present study. The absence of correlation between the
trunk control and the self-care subscale of FSS in PEDI may
be due to the lack of the relationship between the trunk
and the upper limb functions. Since majority of the chil-
dren involved in the study were children with hemiplegia,
even though the trunk control was good, their fine motor
skills during these activities may have been limited. Sim-
ilarly, the protective attitudes of parents giving no chance
to try the activities of daily living such as washing the body
and face may also contribute to this problem. Accord-
ingly, children with better trunk control had better mobil-
ity function and need less caregiver assistance in the activ-
ities of daily living.

Children with CP may have problems with respiratory
muscle strength due to postural and accompanying sec-
ondary musculoskeletal problems. Studies have shown
that respiratory muscle strength weakness can be seen
with different severity in children with CP. In this study,
MIP and MEP outcomes of the children with spastic CP
were found to be lower compared to their typical peers.
Wang et al. also reported that respiratory muscle strength
was lower in children with CP when compared to the con-
trols (21). Kwon and Lee have reported that respiratory
muscle strength and pulmonary function of both spastic
hemiparetic and diparetic children were lower compared
to those of children with typical development (9). Similar
results of this paper and other studies in the literature sug-
gest that respiratory muscle strength problems in children
with CP should not be ignored and should be strengthened
in rehabilitation programs.

Nwaobi and Smith have examined the effects of sitting
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Table 1. Demographic Characteristics

Demographic Characteristics Children with Cerebral Palsy, N: 34 Control Group, N: 30 P

Gender 0.975a

Female 18 (52.9) 16 (53.3)

Male 16 (47.1) 14 (46.7)

Age, y 0.472b

Mean ± SD 9.3 ± 2.4 9.7 ± 2.1

Range (min - max) 6 - 15 7 - 14

Height, cm 132.5 ± 15.6 138.6 ± 13.2 0.103b

Weight, kg 30 (24 - 36) 28.5 (25 - 45) 0.721c

Body mass index, kg/m2 17.4 ± 3.1 16.9 ± 3.4 0.537b

Topographic classification

Hemiparetic 21 (61.8)

Diparetic 13 (38.2)

GMFCS

Level 1 21 (61.8)

Level 2 13 (38.2)

Abbreviations: SD, standard deviation; min, minimum; max, maximum; GMFCS, Gross Motor Functional Classification System.
a Chi-square test.
b Independent Samples t-test.
c Mann-Whitney U test.

Table 2. Comparison of Trunk Control, Respiratory Muscle Strength, and Activities of Daily Living of Both Groups

Children with CP, N: 34 Control Group, N: 30 P

TCMS-SSB score 20 (19 - 20) 20 (20 - 20) 0.003a

TCMS-SMC score 19.2 ± 4.1 26 ± 1.8 < 0.001b

TCMS-DR score 6.2 ± 2.3 9.8 ± 0.5 < 0.001b

Total TCMS score 44.5 ± 7.4 55.7 ± 1.8 < 0.001b

MIP 67.5 ± 28.9 98.9 ± 26.7 < 0.001b

MEP 72.5 ± 25.8 108.4 ± 26.1 < 0.001b

PEDI (FSS-SS) 67 (62 - 68) 73 (73 - 73) < 0.001a

PEDI (FSS-MS) 56 (49 - 58) 59 (59 - 59) < 0.001a

PEDI (CAS-SS) 34 (31 - 38) 40 (40 - 40) < 0.001a

PEDI (CAS-MS) 34 (30 - 35) 35 (35 - 35) < 0.001a

Abbreviations: TCMS, Trunk Control Measurement Scale; SSB, static sitting balance; SMC, selective movement control; DR, dynamic reaching; MIP, maximal inspiratory
pressure; MEP, maximal expiratory pressure; PEDI, Pediatric Evaluation of Disability Inventory; FSS, Functional Skills Scale; CAS, Caregiver Assistance Scale; SS, self-Ccare
subscale; MS, mobility subscale; CP, cerebral palsy.
a Mann-Whitney U test.
b Independent Samples t-test.

in an adaptive and non-adaptive chair, on respiratory func-
tions in eight spastic non-ambulatory children with CP be-
tween the ages 5 and 12 years (19). It was concluded that the
adaptive sitting chair provided better upright posture and
alignment, therefore, they reported that the vital capacity
(VC), forced expiratory volume in 1 second (FEV1), and ex-
piratory time parameters of children with CP, were better.

Therefore, the adaptive siting system increase the physical
capacity of the thorax and abdomen, leads to a better con-
trol of the respiratory muscles, and minimize the airway
obstruction with the provision of postural straightness.

In another study, Barks and Davenport examined the ef-
fect of wheelchair components on respiratory function in
children with CP (18). They stated that the upper extrem-
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Table 3. The Relationship Between Trunk Control and Respiratory Muscle Strength, and Other Parameters in Both Groupsa

Children with CP, N: 34 Control Group, N: 30

Total TCMS score MIP MEP Total TCMS score MIP MEP

Age, y 0.055b 0.538*b 0.256b 0.447*b 0.716**b 0.723**b

BMI, kg/m2 -0.242b 0.075b 0.032b 0.386*c 0.621**b 0.674**b

MIP 0.503*b - - 0.469*c - -

MEP 0.465*b - - 0.355*c - -

PEDI (FSS-SS) 0.288c 0.617**c 0.584**c 0.409*c 0.529*c 0.595*c

PEDI (FSS-MS) 0.570**c 0.135c 0.228c - - -

PEDI (CAS-SS) 0.431*c 0.711**c 0.520*c 0.414*c 0.531*c 0.593*c

PEDI (CAS-MS) 0.607**c 0.214c 0.255c - - -

GMFCS -0.522*c -0.069c -0179c - - -

Abbreviations: BMI, body mass index; TCMS, Trunk Control Measurement Scale; MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure; PEDI, Pediatric
Evaluation of Disability Inventory; FSS, Functional Skills Scale; CAS, Caregiver Assistance Scale; SS, self-care subscale; MS, mobility subscale; GMFCS, Gross Motor Functional
Classification System; CP, cerebral palsy.
a *, P < 0.05; **, P < 0.001.
b Pearson Correlation Test.
c Spearman Correlation Test.

Table 4. The Effect of Trunk Control on Other Parameters in Children with CPa

Dependent
Variables

Total TCMS Score R2 P
Confidence Interval

Lower Upper

MIP 0.094 0.135 0.033 0.008 0.180

MEP 0.100 0.123 0.042 0.004 0.197

PEDI (FSS-SS) 0.372 0.070 0.131 -0.116 0.860

PEDI (FSS-MS) 0.600 0.400 0.001 0.335 0.865

PEDI (CAS-SS) 0.599 0.174 0.014 0.130 1.068

PEDI (CAS-MS) 1.033 0.434 < 0.001 0.608 1.438

Abbreviations: TCMS: Trunk Control Measurement Scale, MIP: maximal inspiratory pressure, MEP: maximal expiratory pressure, PEDI: Pediatric Evaluation Of Disability
Inventory, FSS: Functional Skills Scale, CAS: Caregiver Assistance Scale, SS: self-care subscale, MS: mobility subscale. Simple linear regression analysis was used.
a Simple linear regression analysis was used.

ity support or side trunk supports on the wheelchair pro-
vided a reduction in airway resistance and better ventila-
tion of the lungs by positioning the trunk in a straight po-
sition. These studies included non-ambulatory children
with CP who were severely involved. On the other hand,
we found that the trunk control was positively associated
with the MIP and MEP score in children with spastic CP in
better functional levels according to GMFCS. In particular,
an increase in the TCMS score by one point lead to an aver-
age increase of 0.094 cm H2O in the MIP score and 0.1 cm
H2O in the MEP score. This result may be related to the in-
creased trunk control as well as the reduced airway resis-
tance and abdominal load, increased thoracic expansion,
and better functioning of the inspiratory and expiratory
muscles, which is parallel to the findings in the literature
(18, 19).

Deficiency in respiratory functions in children with CP

can also affect ADLs. To the best of our knowledge, there
is only one study investigating the relationship between
the respiratory functions and ADLs in children with CP (21).
In the present study, MIP and MEP scores were correlated
with the FSS-SS and the CAS-SS of PEDI. These results seem
to be similar to the study done by Wang et al. (21), and it
is thought that this research is important in showing that
the caregivers also agree with this result. There was no cor-
relation between the respiratory muscle strength and the
FSS-MS, and the CAS-MS of PEDI. Assessment of other pul-
monary functions such as respiratory muscle endurance
as well as respiratory muscle strength may also provide
important information regarding the mobility level of the
children. In addition, since the study group consisted of
children with better GMFCS levels and MIP scores, this may
also affect the mobility functions of the children. These
results show that children with better respiratory muscle
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strength perform better in self-care and need less caregiver
assistance in their daily living activities. Therefore, the in-
clusion of the respiratory physiotherapy programs in the
early rehabilitation approaches may contribute to the level
of independence in the ADLs. The trunk control was as-
sessed with TCMS, which is costless and can be applied eas-
ily in all clinics. The lack of evaluation tools such as 3D
gait analysis systems, including the trunk or electromyo-
graphic systems that directly assess muscles instead of
TCMS, can be accepted as a limitation of this study. In ad-
dition, the non-evaluation of children’s aerobic capacities
in this research may be considered as a limitation. We in-
cluded the children with CP with better GMFCS levels in the
present study. Future studies should investigate the rela-
tionship between the trunk control and respiratory mus-
cle strength in GMFCS levels III-V children with CP whose
functional limitations are higher.

In conclusion, trunk control may affect many parame-
ters even in children with CP who’s GMFCS levels are 1 and
2. These results indicate that more attention should be
paid to the trunk control in physiotherapy and rehabilita-
tion programs of children with CP. In addition, respiratory
muscle strength, which has an important correlation with
the trunk control and ADLs, should not be neglected in the
rehabilitation programs.
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