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Factors Associated with Low Muscle Tone and 
Impact of Common Musculoskeletal Problems 
on Motor Development in Preterm Infants at 
One Year of Corrected Age
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INTRODUCTION
Preterm birth is a significant public health problem across the 
world which is associated with neonatal mortality, short and long-
term morbidity and disability in later life [1]. According to World 
Health Organisation (WHO), infants who are delivered at less than 
37  weeks of gestational age are considered as PTI [2]. Preterm 
birth is an important determinant of child health as it is associated 
with an increased risk of deaths. 15 million infants are born preterm 
every year across the world out of which 1 million infants die due 
to direct complications and PTI who survive face long term adverse 
outcomes impairing neurodevelopmental functions. [3].

Neonatal complications that are associated with preterm birth 
such as hypoglycaemia, hypothermia, apnoea, respiratory distress 
syndrome, sepsis, hyperbilirubinemia, and seizures [4] demands 
close monitoring during the immediate neonatal period and during 
the first year of life. The increased risk of complications in PTI 
often arise from immature organ system. Increased demands to 
support a functional transition from intrauterine to extrauterine 
life can have an impact on neurodevelopmental outcomes when 
compared with FTI [5].

PTI have underdeveloped lungs and are more likely to have impaired 
respiratory function due to which they do not tolerate labour 
as like FTI leading to a low Apgar score, sepsis and prolonged 
hospitalisation [6]. Immature thermoregulatory system makes 

the infant vulnerable to infections and incomplete nephrogenesis 
becomes the potential cause of neonatal hyperbilirubinemia 
which results in challenges like behavioural, learning and motor 
skill development problems [7,8].

The first year of an infant life is the critical period of brain development 
as the cerebral maturation brings about the maturation of autonomic 
system, tactile, vestibular, hearing and vision [9]. The structural 
neuronal differentiation, glial cell growth, myelination, axonal and 
dendritic growth of the central nervous system occurs rapidly 
between 23 and 32 weeks of gestational age. PTI spend long 
periods in neonatal intensive care resulting in alterations to brain 
development caused by exposure to the extrauterine environment 
during critical periods which causes the PTI to adapt less flexed 
posture and more extended posture than FTI [10]. As a result, their 
muscles appear to be floppy and weak in the first few weeks after 
birth resulting in impaired motor development [11].

Structural immaturity of the muscular system in PTI results in 
maturation related hypotonia which leads to reduced force 
production by the muscles against gravity [12]. In order to achieve 
optimal muscle tone which is the ability to resist passive stretch, 
muscles should be able to sustain a continuous and passive partial 
contraction [13]. If opportunities for this essential movement driven 
development are restricted, the risk of developing low muscle tone 
is increased in PTI.
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ABSTRACT
Introduction: Structural immaturity of muscular system in 
Preterm Infants (PTI) results in maturation related hypotonia 
which is found to be influenced by risk factors present at the 
time of birth. Low muscle tone can lead to lower extremity 
malalignment, abnormal positioning and loading resulting in 
musculoskeletal problems that could have an impact on motor 
development which is not well established.

Aim: This study was carried out to analyse the risk factors 
associated with low muscle tone in PTI and the impact of 
common musculoskeletal problems on motor development of 
PTI at 1 year of corrected age.

Materials and Methods: This Cross sectional study was carried 
out in 36 PTI and 36 Full Term Infants (FTI) who were recruited 
from Child Development unit and the details of risk factors were 
obtained from the records. Infants were assessed for muscle 
tone using Amiel Tison Angles (ATA) and Hyperextension of 
knee (HEK) was measured using goniometer. Foot prints were 
obtained and assessed for the level of Pes planus by Foot Arch 
Index (FAI) and Calcaneovalgus by Staheli index (SI). Peabody 
Developmental Motor Scale 2 (PDMS 2) was used to evaluate 

motor development. Backward multiple regression, Chi-square 
test Pearson’s correlation were used for data analysis.

Results: Backward multiple regression analysis showed 
statistically significant association of Birth weight, Gestational 
Age, and Apgar score with low muscle tone in PTI (p<0.05). Chi-
square test was used to compare the muscle tone of PTI and FTI 
which showed that ATA of PTI was significantly higher than FTI 
but within physiological limits (p<0.05). Pearson’s correlation 
coefficient showed that there is statistically significant positive 
correlation between muscle tone and musculoskeletal problems 
and a negative correlation between musculoskeletal problems 
and Gross Motor Quotient (GMQ) of PDMS 2 in PTI at 1 year of 
corrected age (p<0.05).

Conclusion: Maturation related hypotonia carried during the first 
year of life brings about musculoskeletal problems which have 
an impact on motor development in PTI. The result accentuates 
that clinicians should address the subtle tonal deviations at an 
early age to prevent musculoskeletal problems and intervene 
if required when they are affecting the motor development 
of PTI.
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Goniometer

The universal standard goniometer is an apparatus designed to 
measure the joint angle between the axis of two articulating bones 
with high reliability Intraclass Correlation Coefficients (ICC=0.87) 
[19]. The stationary arm is aligned parallel to the proximal body 
part and movable arm is aligned along the axis of distal body part 
[Table/Fig-2]. The universal goniometer showed high reliability with 
ICC=0.87. In this study Goniometer is used to measure the ATA.

The low toned muscles cannot fully contract before they relax and 
do not attain their full potential for initiating and sustaining a muscle 
contraction on movement which makes the infant contract the 
muscles very slowly in response to stimulus [14]. Hypotonia along 
with ligamentous laxity may lead to lower extremity malalignment 
and recognising problems related to these musculoskeletal 
structures and their interactions with that of the motor development 
is important for evaluation and treatment planning [15].

The musculoskeletal problems found in PTI are calcaneovalgus, 
flexible flat foot followed by metatarsus adductus [16]. The Pes planus 
along with calcaneovalgus are commonly seen in children up to the 
age of 5 years and they result in problems on the static and dynamic 
alignment of ankle and foot [17]. Therefore, more precise and periodic 
assessments of these musculoskeletal problems should be addressed 
at an early age to prevent problems in motor development.

A delay in a skill becomes evident only at the age when a specific 
developmental milestone expected is not achieved. Hence, it is 
challenging to distinguish between the isolated deformities and from 
those that might result from low muscle tone in PTI which could 
result in disability. This study intends to find the association of various 
risk factors to low muscle tone and the impact of musculoskeletal 
problems which could emerge due to low muscle tone on the motor 
development at 1 year of life in PTI.

MATERIALS AND METHODS
This Cross sectional Study was approved by the Ethics committee 
(CSP/17/OCT/61/264) of Sri Ramachandra Institute of Higher 
Education and Research. The study was conducted over a period 
of eight months from October 2017 to May 2018 and subjects 
were recruited from the Child development unit when the PTI 
returned back for the neurodevelopmental assessment at 1 year 
of corrected age. 36 PTI of both genders at one year of corrected 
age with normal cranial ultrasonography findings and 36 FTI of both 
genders were included in the study. Subjects who had neurological 
impairments, congenital deformities, hearing and vision impairment 
were excluded from the study.

Instrumentation
The Peabody Developmental Motor Scales-Second Edition 
(PDMS-2)

PDMS-2 is a paid paediatric tool commonly used to assess motor 
development in children from age 0-72 months [Table/Fig-1]. It 
consists of 6 subscales (Reflex, Stationary, Locomotion, Object 
manipulation, Grasping, Visual motor integration) of which summation 
of scores from 4 subscales gives a Gross Motor Quotient (GMQ) 
[18]. The test was conducted based on the instructions provided 
in the manual. The standard scores, age equivalent, quotient 
scores were obtained from raw scores. The standard scores were 
converted into GMQ scores which are interpreted as poor, below 
average, average, above average and superior level of gross motor 
development based on the GMQ scores.

[Table/Fig-1]:	 Peabody developmental motor scale-2.

[Table/Fig-2]:	 Goniometer.

Foot Print Analysis

The footprint analysis is used as a tool to assess the arch index 
by using stamp pad with the child in supported standing position 
[20]. The length of the foot (excluding the toes) is equally divided 
into mid foot, forefoot and hind foot by using inch tape. The FAI 
is then calculated by dividing the mid foot region (B) by the entire 
truncated foot area (i.e., Arch index=B/{A+B+C}) with higher ratio 
indicating flat foot. This measure has been shown to exhibit excellent 
reproducibility in child and adolescent populations and has been 
validated against radiographs of the foot [21].

The SI is the ratio obtained by dividing narrowest area of the mid 
foot to the widest area of the hind foot (B1/C1×100) by using inch 
tape. This index represents as one of the most considered for the 
description of footprint deformities like valgus and for the detection 
of flat foot [Table/Fig-3,4].

[Table/Fig-3]:	 Right side foot of PTI.

Procedure
PTI at 1 year of corrected age who met the inclusion criteria were 
taken as the subjects for the study after obtaining informed consent 
from the care taker. The details of risk factors (Gestational age, Birth 
weight, Apgar score, NICU stay, Sepsis, Neonatal Hyperbilirubinemia 
and Hypoglycaemia) were collected from the birth records. Muscle 
tone was assessed using ATA (Adductor, Popliteal, Dorsiflexion and 
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Heel to ear) with a goniometer. Infants were evaluated for foot posture 
by foot print analysis in supported standing. Two measurements - 
FAI and SI were calculated from the foot print by using inch tape. The 
Hyperextension of Knee (HEK) was measured using a goniometer. 
The PDMS-2 was used to evaluate motor development in PTI at 
1 year of corrected age. FTI were assessed with same outcome 
measures at one year chronological age

Method of Measuring the ATA [22,23]

Adductor angle was measured with the infant positioned in supine, 
both hip and knee in vertical with the trunk and by gently abducting 
the lower extremities. The angle is measured by placing the fulcrum 
of goniometer at symphysis pubis and both the arms in parallel to 
the inner aspect of femur.

Heel-to-ear angle was measured placing the child in supine with 
both legs extended and the legs are moved as a whole toward the 
vertex. The goniometer is placed at back of the leg near greater 
trochanter with one arm parallel to the femur and another arm 
parallel to the couch. The angle that the lower extremities make 
with the couch is measured.

Popliteal angle was measured with the infant in supine. With the 
hands placed over the child’s knees, the thighs are flexed laterally 
and the knees are extended from flexed position. The angle is 
determined based on the measurement between the thigh and calf. 
Both legs are measured simultaneously.

Dorsiflexion angle was obtained with infant placed in supine. The 
fulcrum of the goniometer is placed along lateral malleolus, the 
stationary arm along the fibula, and the movable arm parallel to the 
fifth metatarsal bone. The ankle is moved from neutral to dorsiflexion 
position and the angle measured is documented.

STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS version 17.0. 
Backward multiple Regression was used to find out the association 
of risk factors with low muscle tone. Chi square analysis was used 
to compare muscle tone of PTI and FTI and Pearson Correlation 
was used to correlate ATA and musculoskeletal deviations which 
included FAI, SI, and HEK in PTI at 1 year of corrected age. The 
p-value of <0.05 was considered significant.

RESULTS
Total of 36 FTI and PTI at one year of corrected age participated in 
this study which included 21 male and 15 female PTI and 22 male 
and 14 female FTI. [Table/Fig-5] shows the baseline values of the risk 
factors and association of risk factors with low muscle tone showed 
that birth weight, gestational age and Apgar score were significantly 
associated with p<0.05 [Table/Fig-6]. Chi-square analysis showed 
that ATA of PTI are at higher range which conveys that PTI have 
low muscle tone when compared to FTI with statistically significant 

p<0.05 [Table/Fig-7]. Musculoskeletal Problems and GMQ in PTI and 
FTI is shown in [Table/Fig-8]. Correlation of ATA and musculoskeletal 
deviations in PTI at 1 year of corrected age shows a statistically 
significant strong positive correlation with r>0.07 and p<0.05 [Table/
Fig-9]. A strong negative correlation of FAI, SI, HEK and GMQ of 
PDMS 2 of PTI is seen at 1 year of corrected age with statistically 
significant r > -0.07 and p<0.05 [Table/Fig-10].

[Table/Fig-4]:	 Right Side Foot of FTI.

Variables PTI (N=36) SD FTI (N=36) SD

Gestational age (weeks) 31.11 1.6 38.3 1.2

Birth weight (grams) 1344.75 446.2 3136.25 121.0

Apgar score 7.13 0.83 8.74 0.23

NICU stay (days) 11.83 7.3 5 0.42

Hyperbilirubinaemia No present/36 12 5

Hypoglycaemia No present/36 8 2

Sepsis No present/36 7 4

[Table/Fig-5]:	 Baseline data.

Dependent 
variable

Model

Unstandardised 
Coefficients

Standardised 
Coefficients t-

value
p-

value
B Std. Error Beta

Adductor 
angle

(Constant) 223.80 19.91 11.24 0.001*

Birth weight -0.01 0.00 -0.75 -7.23 0.001*

GA -2.95 0.90 -0.52 -3.26 0.001*

Apgar 
Score

5.17 1.53 0.47 3.37 0.001*

Popliteal 
angle

(Constant) 253.60 25.11 10.09 0.001*

Birth weight -0.01 0.00 -0.77 -7.01 0.001*

GA -3.44 0.97 -0.70 -3.54 0.001*

Apgar 
Score

4.82 1.42 0.50 3.38 0.001*

Heel-Ear 
angle

(Constant) 248.50 17.00 14.61 0.001*

Birth weight -0.01 0.00 -0.65 -7.22 0.001*

GA -3.44 0.77 -0.63 -4.45 0.001*

Apgar 
Score

4.28 1.30 0.40 3.27 0.03*

Dorsiflexion 
angle

(Constant) 125.08 19.79 6.32 0.001*

Birth weight -0.01 0.00 -0.70 -5.68 0.001*

GA -2.33 0.92 -0.48 -2.52 0.01*

Apgar 
Score

3.36 1.58 0.35 2.11 0.04*

[Table/Fig-6]:	 Backward multiple regression. *Significant p<0.05.

ATA angles PTI (n=36) FTI (n=36) χ2 p-value

Adductor

130-144 4 (11.1%) 24 (66.6%)
23.38ª

0.001*

145-160 32 (88.9%) 12 (33.3%) 0.001*

Popliteal

130-149 4 (11.1%) 28 (77.86%)
32.40ª

0.001*

150-170 32 (88.9%) 8 (22.2%) 0.001*

Heel-Ear

130-149 4 (11.1%) 28 (77.86%)
32.40ª

0.001*

150-170 32 (88.9%) 8 (22.2%) 0.001*

Dorsiflexion

40-54 8 (22.2%) 28 (77.8%)
22.22ª

0.001*

55-70 28 (77.8%) 8 (22.2%) 0.001*

[Table/Fig-7]:	 Comparison of Muscle Tone (ATA) Between PTI and FTI.
Chi-square test *Significant p<0.05

DISCUSSION
The integrity of neuromuscular and musculoskeletal system is 
important for the normal motor development of infants. The growth 
and maturity of the musculoskeletal system occur rapidly from 
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7  to 18 months resulting in many biomechanical changes as the 
child attains a bipedal stance with a decreased base of support 
and increased demands in muscle work to maintain adequate 
posture and balance. Muscle tone forms the basis of movement 
and postural stability to maintain upright posture against gravity and 
disturbances to muscle tone may affect the movement performance 
and posture [24]. Muscle tone in PTI is less compared to FTI which 
could have an impact on the biomechanical transference of weight 
resulting in musculoskeletal deviations in PTI.

Low Birth Weight, Gestational Age and Apgar score had greater 
association with decreased muscle tone. A study done by Gajdosik 
R et al., showed that number of contractile and non-contractile 
protein of the sarcomere cytoskeleton determines the resistance 
to passive lengthening [25]. Decreased birth weight could result in 
decreased sarcomeres which could bring about low muscle tone as 
subsequent weight gain of an infant in the first year of life depends 
on the birth weight which significantly affects the motor development 
as evident in the later stages of growth of infants [26].

Gestational age refers to level of growth and maturity of various 
systems at birth. Prematurity is found to be an indicator of newborn 

muscle tone as shown by Silva E et al., which is in concordance with 
the current study showing significant association even when the 
infants were assessed with correction of age [27]. Schonhaut L et 
al., showed that gestational age and risk of developmental disability 
had linear inverse relationship which could be due to decreased 
motor efficiency of low toned muscles as evident by the significant 
association in this study [Table/Fig-7] [28].

Muscle tone of PTI at 1 year corrected age is found to be significantly 
lower than FTI though they fall into the normal physiological range 
[Table/Fig-8]. This implies that maturation related hypotonia 
is carried even at 1 year of age which is similar with the study 
done by Vungarala P et al., where low muscle tone was found to 
be decreased at 8 months of corrected age affecting the motor 
development in PTI [29].

Presence of fat pad causes medial longitudinal arch to disappear 
resulting in physiological flatfoot and greater hindfoot motion in 
term infants at 1 year of age making the entire foot come in contact 
with the ground during weight bearing [30]. FAI and SI were 
significantly higher in PTI than FTI in the current study reflecting 
the fact that flat foot and valgus were higher than physiological 
range in PTI [Table/Fig-9]. Pes planus, calcaneovalgus, and 
hyperextension of knee showed a strong positive correlation with 
ATA which convey that low muscle tone is the major contributing 
factor for musculoskeletal deviations in PTI [Table/Fig-10]. The 
resting length of the muscle is greater than average causing 
hypermobility of joints in children with low muscle tone which 
along with increased laxity of ligaments and joint capsule leads 
to decreased proprioception and brings about musculoskeletal 
deviations in weight bearing position [31].

The joint instability contributes to non-optimal musculoskeletal 
alignment and is not only influenced by ligament laxity but also 
influenced by the decreased muscle tone and reduced co-
contraction around the joint as shown by Atun-Einy O et al., which 
could result in predisposition to biomechanical disadvantage of 
foot, ankle and knee complex of these children [32]. In a closed 
kinematic chain, the stability of proximal joints depends on the 
stability of distal joints which are significantly interrelated to 
contribute for overall stability of trunk and lower extremities [33]. 
Therefore foot deviations definitely impact the stability of trunk 
which results in delayed standing and influences the gross motor 
development of PTI than FTI which is evident by showing strong 
negative correlation of musculoskeletal problems and GMQ 
[Table/Fig-11-13]. Fine motor performance was comparatively 
better than gross motor performance in PTI conveying the fact 
that maturation related hypotonia impacts more in the lower 
limb due to weight bearing and weight transference demands of 
gross motor activities resulting in musculoskeletal deviations. So, 
early identification and addressing hypotonia might prevent gross 
motor delay in PTI.

Variables PTI mean (SD) FTI mean (SD)

FAI
Right 0.32 (0.00) 0.29 (0.00)

Left 0.32 (0.00) 0.29 (0.00)

SI
Right 123.17 (6.97) 95.93 (3.10)

Left 123.84 (6.54) 95.64 (3.68)

HEK
Right 6.53 (3.93) 1.25 (2.50)

Left 6.67 (3.78) 1.25 (2.50)

GMQ 81.50 (7.65) 106.17 (2.84)

[Table/Fig-8]:	 Musculoskeletal problems and GMQ in PTI and FTI.

Variables
Mean (SD)

Pearson correlation (r)
p-value

(n=36) Right Left

Adductor 153.83 (9.16)

FAI 0.94 0.94 0.001*

SI 0.84 0.82 0.001*

HEK 0.78 0.80 0.001*

Popliteal 159.36 (8.01)

FAI 0.94 0.95 0.001*

SI 0.79 0.79 0.001*

HEK 0.8 0.81 0.001*

Heel to ear 158.42 (8.91)

FAI 0.9 0.91 0.001*

SI 0.85 0.82 0.001*

HEK 0.81 0.81 0.001*

Dorsiflexion 59.47 (7.95)

FAI 0.91 0.92 0.001*

SI 0.79 0.77 0.001*

HEK 0.83 0.84 0.001*

[Table/Fig-9]:	 Correlation of ATA and musculoskeletal problems in PTI.
Pearson’s correlation *Significant p<0.05

Variables Pearson correlation (r) p-value

Gross motor quotient (n=36)

FAI
Right -0.811 0.001*

Left -0.770 0.001*

SI
Right -0.798 0.001*

Left -0.862 0.001*

HEK
Right -0.862 0.001*

Left -0.86 0.001*

[Table/Fig-10]:	 Correlation of musculoskeletal problems and GMQ in PTI.
Pearson’s correlation *Significant p<0.05

[Table/Fig-11]:	 Correlation of FAI (Right) and GMQ of PTI.

LIMITATION
Study considered assessment at single time point, follow-up could 
have been done at second year to know the status of musculoskeletal 
problems and impact on motor development.
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CONCLUSION
The result of the study emphasises the clinicians that subtle 
tonal deviations in PTI should be addressed and strategies that 
promote musculoskeletal maturity need to be initiated at an early 
age to prevent musculoskeletal problems leading to biomechanical 
compromise that affects the motor development.
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