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Abstract. - OBJECTIVE: Sitting is one of
milestones in motor development. However,
reaching of the sitting position must precede
achieving the ability of independent sitting.
Qualitative assessment of motor performance
at 3 months of age, with the prospective quanti-
tative assessment of the function of indepen-
dent reaching of the sitting position at the age
of 8 months.

PATIENTS AND METHODS: 125 children, 51
girls and 74 boys (born at term n = 78; born pre-
maturely n = 47) were subject to prospective
assessment of motor development with qualita-
tive characteristics at the age of 3 months and
quantitative characteristics at the age of 8
months. In parallel, the children were subjected
to neurological assessment. Risk factors that
could potentially affect motor development
were analyzed.

RESULTS: Children who at the age of 3
months performed at least 13 /15 qualitative el-
ements in the prone position and at least 13/15
qualitative elements in the supine position, at
the age of 8 months reached independently the
sitting position. Poor qualitative assessment at
the age of 3 months and a higher prevalence of
risk factors increased the risk of non-reaching
the sitting position. In the prone position, the
pelvis, lower limbs, the arms and shoulders
showed the most expressed differences be-
tween the children who reached or did not
reached the independent sitting. For the supine
position, the pelvis and lower limbs, as well as
the extension of the spine and correct align-
ment of the shoulders showed the most ex-
pressed differences.

CONCLUSIONS: Proper qualitative develop-
ment at the age of 3 months is a good predictor
of the achievement of independent reaching of
the sitting position at the age of 8 months.

Key Words:
Quality assessment, Motor performance, Sitting po-
sition.

Introduction

The first signs of upright control appear in the
third month of life and these are the correct upright
head control along with isolated movements of the
head'. In contrast, trunk control develops in the fol-
lowing months from the fourth to the sixth month
of life?, so that an infant at the age of 8 months can
achieve the function of reaching the sitting posi-
tion, which is performed from the position on all
fours; and maintain the sitting position. Sitting is
often one of the elements in the diagnosis used in
medical practice or physiotherapy, it is an element
of development scales, also referred to as a mile-
stone in the motor development of a child®”.

Earlier studies analyzing the function of sitting
in infants have, thus, far been focused on check-
ing: development of muscle synergies for balance
reactive responses to external perturbations®!2,
development of muscle synergies for anticipatory
balance during learning to reach!*' and the de-
velopment of ground reaction forces that stabilize
the center of mass over the base of support!®!”.
None of these methods have allowed evaluation
of, or offered control for, variable contributions of
different trunk segments to postural control and
none have addressed the question of how infants
acquire the vertical sitting position.

Among the few authors who investigated the
subject of how children reach the sitting position,
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analyzing how postural control changes over time
(between 3 and 8 months of age) in sitting balance
in the course of normal development, were Saave-
dra and van Donkelaar'®. For this purpose they
used electromyography (EMG) measurements,
kinematics and video recordings of changes in
muscle activity in the subsequent months of life
during 3 minutes of supported sitting.

However, none of these studies have shown
which elements of early motor development are es-
sential for a child to achieve the function of reach-
ing the correct sitting position. From the point of
view of functional development, the imposed sit-
ting position described in the above publications is
different than the ability to reach the sitting posi-
tion independently and to maintain the sitting posi-
tion. Some authors®®” suggest that what can be
treated as an independent activity is only reaching
the sitting position from the crawl position and
maintaining independent sitting. In a child devel-
oping properly, these steps follow one after another
in a smooth, genetically encoded manner. Most au-
thors*> agree that children are able to sit indepen-
dently in the 8" month of life. Therefore, on the ba-
sis of earlier research, presenting a self designed
“Quantitative and qualitative assessment sheet”%7-1°
a hypothesis was put forward that motor develop-
ment at the age of 8 months, i.e. independent
reaching of the sitting position, reflects motor be-
havior of children at the age of 3 months, observed
in prone and supine positions.

The study poses, thus, the following research
questions: Is the proper qualitative development
at the age of 3 months a good predictor of reach-
ing the sitting position and sitting independently?
Is the assessment of the motor development con-
ducted in prone position a better predictor than
assessment conducted in supine position? What
elements of qualitative assessment in the 3™
month of life are the predictors of the function of
independent reaching of the sitting position in 8"
month of life? The purpose of the study is quali-
tative assessment of motor performance at the
age of 3 months in prone and supine positions
with prospective quantitative assessment of mo-
tor performance in the 8" month of life (indepen-
dent reaching of the sitting position).

Patients and Methods
An experienced physiotherapist conducted a

prospective examination of motor development
in children at the age of 3 and 8 months, follow-

202

ing the methodology described previously®’. In
parallel, the assessment of the development of all
children in the 3 and 8" month of life was per-
formed by a neurologist, according to the exami-
nation scheme described earlier’. Exact descrip-
tion is given in Procedure section. The neurolo-
gist provided information on the level of motor
development achieved by children in the 8
month of life, and in case of children in whom
cerebral palsy (CP) was suspected at the age of 8
months, final diagnosis was made at 18 months,
following the Polish rules. Eventually, 125 chil-
dren, 51 girls and 74 boys, for whom all data
were complete, with no genetic or metabolic dis-
orders or severe birth defects were qualified for
the participation in the study. There were 78 in-
fants born at term and 47 born prematurely. In
case of prematurely born infants, their corrected
age was taken into consideration®. On average
children in the investigated group were born at
week 37+4, the mean body weight was
2889+946 g, the mean head circumference was
33+2 cm, the mean body length was 53+5 cm,
the mean chest circumference was 32+3 cm.

The Apgar scale scoring was as follows: at 1
minute: median 10 (lower quartile Q25=8, upper
quartile Q75=10), at minute 3%, 5% and 10" the
score was 10 points (quartiles 9 to 10). Risk fac-
tors that could potentially affect motor develop-
ment were analyzed: intraventricular hemorrhage
(IVH), the presence of respiratory distress syn-
drome (RDS), intrauterine hypotrophy, hyper-
bilirubinemia based on medical records, after
consulting a neurologist. A division with respect
to the Apgar score was not taken into account, as
in the 5™ minute all children already achieved a
good assessment.

Children were not divided according to sex, as
none of the previous studies®”'* showed any dif-
ferences between girls and boys.

In case of children with suspected IVH, USG
was performed immediately after birth and con-
trol assessment was routinely performed at 3
months. In all other investigated children, for
comparison, the USG was also performed at 3
months, even if no risk factors were described in
medical history. The examination was performed
at the clinic of the Wielkopolska Center for Child
and Adolescent Neurology in Poznan (Poland)
and the child clinic in Bydgoszcz (Poland) in the
years 2011-2013.

Informed consent was obtained from all of the
subjects and the study was approved by the Re-
search Ethics Committee of Poznan University of
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Medical Sciences and registered under no. 22/10
(07-01-2010). It conformed to all ethical issues
included in the Helsinki Declaration.

Procedure

Neurological Assessment

A neurologist assessed all children at 3™
month, basing on the Denver Development
Screening Test II (DDST II)*'* and the assess-
ment of the reflexes, hypotonia/hypertonia, and
symmetry, as suggested by Touven®. After con-
ducting the examination neurologists classified a
child into one of three groups: normal (no neuro-
logical abnormalities), suspected (not requiring
rehabilitation — for observation) and abnormal. A
child was classified as abnormal if it exhibited
clear neurological disorders, such as increased
(hypertony) or decreased (hypotony) muscle tone
accompanied by abnormal reflexes and failure to
perform tasks in the area of motor skills for a giv-
en age group in the DDST II test. A child was
classified into the suspected group — not requiring
rehabilitation — for observation if it exhibited mild
symptoms of neurological disorders, such as mild
muscle tone regulation disorders, slight reflex
dysfunction, minor developmental asymmetry
and a delay in the area of motor skills in the
DDTS 1I test. Two neurologists with 20 years of
clinical experience took part in the project. In the
8" month, a neurologists assessed children again
and ascribe them to the maximum reached motor
performance level (expressed as month) and
pointed at children suspected for cerebral palsy.
In their case, final diagnosis was confirmed at the
age of 18 months, according to literature®.

The Functional Assessment

A physiotherapist assessed the motor perfor-
mance of each child, in the 3" month of life, ac-
cording to the previously described “Quantitative
and qualitative assessment sheet”®”-1; only the
qualitative assessment results were analyzed. The
qualitative assessment in the 3™ month of life in-
cluded 15 elements in the prone position and 15
elements in the supine position. In the prone po-
sition the assessment involved: isolated head ro-
tation, arm in front, forearm in intermediate posi-
tion, elbow outside of the line of the shoulder,
palm loosely open, thumb outside, spinal cord
segmentally in extension, scapula situated in me-
dial position, pelvis in intermediate position,
lower limbs situated loosely on the substrate,

foot in intermediate position. In supine position
the assessment involved: head symmetry, spinal
cord in extension, shoulder in balance between
external and internal rotation, wrist in intermedi-
ate position, thumb outside, palm in intermediate
position, pelvis extended, lower limb situated in
moderate external rotation and lower limb bent at
a right angle at hip and knee joints, foot in inter-
mediate position — lifting above the substrate. For
symmetrical parts of the body, both sides were
assessed to exclude asymmetry.

Each element was assessed as 0 — test per-
formed only partially or completely incorrectly, 1
— test performed completely correctly. The dura-
tion of the examination performed by the physio-
therapist was between 10 and 15 minutes. Each
assessed element had to be observed at least
three to four times during the test. Maximum of
15 points could be given for prone position and
maximum 15 points for the supine position, as
well. In the 8" month only the function of inde-
pendent reaching of the sitting position was as-
sessed. According to the results of this assess-
ment children were next divided for the analysis
of the characteristics from the 3™ month of life.

The neurological examination was performed
independently of the physiotherapeutic assess-
ment, both the neurologist and the physiothera-
pist had information only about whether an infant
was born prematurely or at term in order to cal-
culate the corrected age, but they were not aware
of the infant’s clinical history details nor the par-
allel opinion.

Statistical Analysis

Due to the nature of the variables the results
were presented as medians with quartiles (Q25-
Q75), and they were analyzed with non-paramet-
ric tests. Comparisons between the two groups
for the total variables (sum of quality in prone
position, sum of quality in supine position) were
made using the U test Mann-Whitney test. The
assumed statistical significance level was at least
p < 0.05. For dichotomous variables (all quality
elements in prone and supine positions), on the
other hand, comparisons were made using the
Pearson’s Chi? test with Yates’ correction and the
Chi?test value was given (at least p < 0.05).

Results

The whole investigated group was divided ac-
cording to the final developmental level reached
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in the 8" month of life (neurologic assessment).
In parallel, independent reaching of the sitting
position was assessed by a physiotherapist. For
the subgroups revealed that way the qualitative
characteristics of the 3 month, in prone and
supine positions were calculated, and the number
of children positive for evaluated risk factors was
checked. All the data are given in the Table I.

All children who at the age of 3 months per-
formed at least 13/15 qualitative elements in the
prone position, and at least 13/15 qualitative ele-
ments in the supine position developed normally
and at the age of 8 months performed indepen-
dent reaching of the sitting position. It is worth
depicting, however, that neurologist classified
only 36 from 73 of these children as normal (de-
veloped properly).

Given the poor qualitative assessment at the
age of 3 months and more frequent incidence of
risk factors such as prematurity, IVH, RDS, in-
trauterine hypotrophy, hiperbilirubinemia, the
assessment at the age of 8 months was worse.
These children failed to achieve the function of
reaching the sitting position independently,
their development was slightly delayed or one
could suspect cerebral palsy (CP), and this di-
agnosis was confirmed by a neurologist at the
age of 18 months. Along with worsening motor
performance, also the neurological assessment
was worse.

Considering the qualitative characteristics ana-
lyzed in the prone position at the age of 3
months, one may observe that the position of the
pelvis and lower limbs (lower limbs loosely situ-
ated on the substrate) and the arms and shoulders
showed the most expressed differences between
the children who reached or did not reached the
function of independent reaching of the sitting
position (Table II).

The positioning of the pelvis and lower limbs,
as well as the extension of the spine and correct
alignment of the shoulders at the age of 3 months
showed the most expressed difference between
the children who reached or did not reach the
function of independent reaching of the sitting
position (Table III).

Discussion
The main research question posed in this paper
was whether one can predict the achievement of

the ability to reach the independent sitting posi-
tion at the age of 8 months on the basis of the
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qualitative assessment of elements of the motor
performance at the age of 3 months. It seems
well documented that if a 3-month-old child was
highly assessed in both prone and supine posi-
tion, the probability of achieving independent
reaching of the sitting position in the 8" month
ability is also high, and inversely. When address-
ing a question which elements of motor perfor-
mance are essential for the development at the
age of 8 months to be complete, the crucial ele-
ments mainly include the axis of the body: the
correct curvature of the spine, the alignment of
the shoulders in an intermediate position and the
adoption of the intermediate position by the
pelvis. This has already been shown in previous
publications on motor development®’!°, which
were based on similar theoretical assumptions.

Publications on the sitting function available
in the literature®!® focus on the analysis of sit-
ting rather than on the function of independent
reaching of the sitting position, even if a child is
placed in this position by the caregiver. This ap-
proach allows for a biomechanical analysis of
the muscles that are needed to perform this
function, but it does not answer the question as
to what determines independent reaching of this
function. From the point of view of the rehabili-
tation process it is important, however, to find
out what the reason for not achieving this func-
tion is and whether a therapy can affect this
process. It is for this reason that a qualitative as-
sessment of the motor function is essential so
that the effects of therapy could be demonstrat-
ed. Moreover, if apart from the overall assess-
ment (function performed/not performed) we
examine in detail which elements of movement
or posture are disturbed, it is easier to point to
the main objective of a therapy, and it is easier
to evaluate, whether the applied procedure
brings results.

If we analyze carefully the characteristics dif-
ferentiating children assessed at the age of 3
months of age, who either reached or failed to
reach the sitting position at the age of 8 months,
the elements analyzed in the prone position seem
more important, especially the positioning of the
pelvis and lower limbs, arms and shoulders. This
probably has to do with overcoming gravity,
which was also highlighted by other authors'®.
Similarly, as described in previous publications®
the manifestation of correct motor elements, re-
ferred to as proximal characteristics, determines
the acquisition of higher motor skills, such as in-
dependent reaching of the sitting position.
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Table Il. A comparison of the assessment of qualitative characteristics typical for the age of 3 months in the prone position,
due to the achievement of the ability to reach independent sitting position at the age of 8 months (reaches the sitting position, n
= 73/ fails to reach the sitting position, n = 52), using the Chi? Pearson test with Yates' correction. Chi? and p values were given.

The most important differences are shown in bold.

Qualitative characteristics in the prone position Side of the body Chi? values p value
Isolated head rotation 16.80 0.00004
Arm in front, forearm in intermediate position, elbow outside Right 17.99 0.00002
of the line of the shoulder
Left 28.90 0.00000
Palm loosely open Right 16.82 0.00004
Left 20.04 0.00001
Thumb outside Right 19.68 0.00001
Left 2321 0.00000
Spinal cord segmentally in extension 21.15 0.00000
Scapula situated in medial position Right 26.15 0.00000
Left 31.80 0.00000
Pelvis in intermediate position 25.34 0.00000
Lower limbs situated loosely on the substrate Right 32.61 0.00000
Left 30.78 0.00000
Foot in intermediate position Right 14.62 0.00013
Left 17.79 0.00002

Table Ill. A comparison of the assessment of qualitative characteristics typical for the age of 3 months in the supine position,
due to the achievement of the ability to reach independent sitting position at the age of 8 months (reaches the sitting position, n
= 73/ fails to reach the sitting position, n = 52), using the Chi? Pearson test with Yates’ correction. Chi? and p values were giv-

en. The most important differences are shown in bold.

Qualitative characteristics in supine position Side of the body Chi? values p value
Head symmetry 13.84 0.00020
Spinal cord in extension 17.99 0.00002
Shoulder in balance between external and internal rotation Right 16.80 0.00004
Left 23.37 0.00000
Wrist in intermediate position Right 16.20 0.00006
Left 19.57 0.00001
Thumb outside Right 14.71 0.00013
Left 10.82 0.00100
Palm in intermediate position Right 13.20 0.00028
Left 14.71 0.00013
Pelvis extended (no anteversion, no retroversion) 18.53 0.00002
Lower limb situated in moderate external rotation Right 23.22 0.00000
Left 20.27 0.00001

Lower limb bent at a right angle at hip and knee joints,
foot in intermediate position — lifting above the substrate Right 23.39 0.00000
Left 22.18 0.00000

Out of 33 children born prematurely, but not
burdened with risk factors, 21 achieved the
function of independent reaching of the sitting
position at the age of 8 months. Among 47 chil-
dren born prematurely and burdened with risk
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factors, 14 had IVH, and of these 9 were diag-
nosed with RDS; only a few achieved the func-
tion of independent reaching of the sitting posi-
tion at the age of 8 months (two children out of
six diagnosed with I IVH; 0/6 with II IVH and
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0/2 with III IVH). Children who at the age of 3
months fail to manifest the elements of correct
motor performance and who are burdened with
risk factors: intraventricular haemorrhage, respi-
ratory distress syndrome, hypotrophy or hyper-
bilirubinemia, especially those born premature-
ly, should be considered at risk of delayed mo-
tor development, and even cerebral palsy. They
should be subject to careful observation and
treatment from the earliest months of life. Ow-
ing to this research the assessment of a child
motor performance carried out as early as at the
age of 3 months may indicate abnormalities,
which can be corrected by means of properly
planned rehabilitation.

The main idea to perform qualitative assess-
ment of the motor performance is to establish a
tool that allows to predict further motor develop-
ment and to plan exactly the therapy in case of
children with motor deficits. It seems quite im-
portant that assessment made by neurologist,
though pointed at children with lower perfor-
mance, was not predictive for the reaching of the
desired function. Qualitative assessment provid-
ed a much more clear cut-off criterion than the
general neurological assessment.

The suggested “Quantitative and qualitative
assessment sheet” seem to be a reliable tool to
predict motor performance of any child. Perhaps,
it could be even narrowed to the proximal ele-
ments, assessed in prone and supine positions re-
spectively at the age of 3 months, for the progno-
sis of motor development in the subsequent
months of life, to make it a more transparent and
accessible tool for different professionals and
even parents (as the basis for screening). Further
researches are necessary to clarify this question.

Conclusions

It seems that correct qualitative development
at the age of 3 months is a good predictor of in-
dependent reaching of the sitting position at the
age of 8 months.

The elements observed in the prone position at
3 month seem to be a better predictor of further
motor development than those in supine position.

The most important qualitative characteristics
typical for the age of 3 months that determine the
performance of independent reaching of the sit-
ting position are: the intermediate positioning of
the pelvis and the correct alignment of the shoul-
der girdle (proximal characteristics).
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