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Abstract

Rajni Farmania, S. Sitaraman1, Rashmi Ranjan Das2

Context: The normative data on muscle tone of preterm infants by goniometric
assessment in Indian setting are scarce. Aim: The aim of this study it to provide a
normative objective data of muscle tone of preterm infants by gestation using goniometer.
Settings and Design: This was a prospective, observational study including preterm
infants admitted in a tertiary care hospital from North India. Subjects and Methods: The
objective dimension of muscle tone assessment of 204 healthy preterm infants was
done; 61 infants completed follow‑up till 40 weeks’ postconceptional age (PCA) and
were compared to term infants. Statistical Analysis Used: SPSS (version 16.0) was
used. The intergroup comparison was done through ANOVA, and the localization of
differences between the groups was determined through multiple comparisons by
post hoc test. Results: Mean gestational age was 34.3 ± 1.7 weeks. Angles were as
follows: adductor = 100.1 ± 8.7, popliteal = 118.9 ± 8.6, dorsiflexion = 39.0 ± 9.0,
heel to ear = 121.90 ± 7.90, wrist flexion = 46.0 ± 10.2, and arm recoil = 122.2° ± 16.6°.
The evolution of muscle tone as indicated by heel‑to‑ear angle shows progressive
maturation from 32 weeks’ gestation while adductor angle, popliteal angle, and arm
recoil mature predominantly after 36 weeks’ gestation. Comparison of preterm infants
to term at 40 weeks’ PCA demonstrated significantly less tone in all except posture and
heel to ear. Conclusions: Goniometric assessment provides a objective normative data
of muscle tone for preterm infants. Maturation of heel to ear and posture evolves from
32 weeks onwards and are the earliest neurologic marker to mature in preterm infants
independent of the gestational age at birth.
Keywords: Goniometric assessment, muscle tone, neurologic maturation,
neurologic maturation, normative data

Introduction

P

reterm infants are always at the risk of
various health problems requiring prolonged
hospitalization, intensive care admission subjecting to
high morbidity and mortality. They are also at risk of
developing neurological problems either because of
adverse environmental factors, lack of developmental
supportive care, poor nutrition, or various health
factors.[1,2] The risk of development of cerebral palsy in
those born ≥34 weeks is 1% at 5 years’ age, increasing
to 5%–15% in those born <32 weeks.[3,4] Hence, preterm
infants born <35 weeks should be followed up regularly
to identify any disability and improve outcome.[5] Birth
weight and gestational age play an important role in the
prognostication of growth and development of preterm
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infants as both represent systemic organ structural and
functional maturation.[6]
Amiel‑Tison has developed a clinical tool for
assessment of the neurological status of preterm infants
at 40 weeks’ postconceptional age (PCA).[7,8] This tool
takes into account of the clinical signs, which depend
on the neuronal integrity of the central nervous system
(e.g., active and passive tones in the axis and limbs,
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behavior and alertness, and spontaneous movements).
The interobserver reliability of this tool has been found
to be very good. When it is performed by some trained
clinical personnel, the results correlate well with the
developmental performance at later age (e.g., at 2 years’
corrected age).[9‑11]
Muscle tone can be assessed by two components,
namely, active and passive tone.[6,7] Factors influencing
the muscle tone such as perinatal adverse event,
maternal medications during delivery, and acute sickness
in newborn affect active tone rather than passive tone
to a great extent. Hence, passive tone provides the true
assessment of tone of infant which can be measured
accurately using goniometer.
Previous reports on neonatal assessment provide
numerical values for the full term[12,13] and some values
for preterm infants;[14] however, the normative data on
muscle tone of infants in Indian setting are scarce. This
study was planned to provide baseline goniometric
angles for the preterm infants from Indian subcontinent
and to study impact of gestational age on its maturation.

Subjects and Methods
The study was a prospective longitudinal study of
birth cohort of preterm (<37 weeks) and full‑term
infants (≥37 weeks) conducted in a tertiary care
teaching hospital of North India. The muscle tone
of 204 healthy preterm infants with normal perinatal
course was measured within 72 h of life with the help
of a goniometer. Assessment of gestational age was done
by New Ballard Score.[15] The birth weight in relation
to gestational age was classified as per the intrauterine
growth chart of Lubchenco.[6] PCA was calculated
as gestational age plus days/weeks of extrauterine
life. Small for gestational age, presence of congenital
anomalies, abnormal neurological examination at term,
those delivered by breech, use of mechanical ventilation,
and abandonment of study before 40 weeks were
excluded from the study. Totally 61 preterm infants
completed follow‑up till 40 weeks’ PCA. Full‑term

Parameters

infants were taken as control group and subjected to
single examination within 72 h of life.[16]
Muscle tone was objectively assessed by Amiel‑Tison
angles using goniometer. The following angles were
measured: adductor angle, popliteal angle, dorsiflexion
angle, difference in rapid and slow angle, heel‑to‑ear
angle, arm recoil, wrist flexion, scarf sign, and
posture (score 0–4). Interpersonal error was avoided as a
single person did the measurement of angles in both first
and the follow‑up assessment.
Statistical analysis was performed with SPSS software
(version 16.0. Chicago, SPSS Inc. USA). The intergroup
comparison was done through one‑way ANOVA;
P < 0.05 was considered significant. The localization of
differences between the groups was determined through
multiple comparisons by post hoc Student–Newman–
Keuls.

Results
Totally 204 preterm infants between gestational age of
28 and 37 weeks were examined. The mean gestational
age of preterm infants was 34.3 ± 1.7 at a mean age of
24 ± 13.9 h. No preterm <30 weeks could be enrolled
because of the acute illness. The baseline tones of the
preterms are tabulated in four different groups according
to gestation along with the full‑term infants (n = 74)
in Table 1. The number of infants with gestational age
from 30 to 32 weeks was 19, from 32 to 34 weeks
was 38, and from 34 to 36 weeks was 84 and
36–37 weeks was 62. All infants showed <10° difference
between rapid and slow angle. The preterm infants
were reassessed at 40 weeks’ PCA and compared with
full term. The groupwise multiple comparison by post
hoc analysis shown in Table 2 indicates no significant
difference in heel to ear and posture between the groups,
indicating that these are the earliest parameter to mature
and are independent of gestational age at birth. The
graph plotted between gestational age at X‑axis and
angles in Y‑axis shows that heel‑to‑ear angle matures
consistently after 32 weeks while the other parameters

Table 1: Gestation‑wise muscle tone of preterm at first assessment and full term infants

30‑32 weeks
32‑34 weeks
(n=19)
(n=38)
Weight (kg)
1.72±0.22
1.89±0.26
Head circumference (cm)
29.88±1.06
30.13±0.92
Adductor angle (0°‑180°)
110.26±8.81
103.58±7.03
Popliteal angle (0°‑180°)
123.21±9.17
120.34±9.57
Heel‑to‑ear angle (0°‑180°)
136.26±9.34
133.42±8.43
Dorsiflexion angle (90°‑0°)
45.42±11.62
40.95±7.82
Arm recoil (180°‑0°)
141.47±2.30
129.55±16.14
Wrist flexion (90°‑0°)
53.00±9.90
49.55±10.22
The numbers are as mean±SD. SD: Standard deviation

34‑36 weeks
(n=84)
2.13±0.28
31.20±1.05
98.64±7.54
118.86±7.82
129.89±1.67
39.13±8.33
118.74±14.31
45.58±8.54

36‑37 weeks
(n=62)
2.37±0.23
32.01±0.80
96.73±8.08
116.56±8.25
128.65±10.53
35.76±8.31
116.45±13.17
42.06±10.53

All preterm
(n=204)
2.12±0.33
31.13±1.21
100.06±8.68
118.84±8.57
121.87±7.87
39.03±8.97
122.18±16.56
45.94±10.15

Full term
(n=74)
3.20±0.22
34.70±0.67
86.47±3.55
105.64±5.40
121.73±5.20
30.17±7.80
90.70±11.97
37.65±9.66
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adductor, popliteal angle and arm recoil mature after
36 weeks [Figure 1] indicating early development of
caudal tone in preterm infant.

described that preterm infant at 40 weeks’ PCA exhibits
lower muscle tone, greater range of motion, so that
their motility is more varied and of greater amplitude
than the full‑term infant.[12] Another study found that
preterm infants have lower responses, especially on
items involving muscle tone, despite higher levels of
arousal.[17] Compared to these studies, the present study
had preterm infants who were more mature at the first
assessment (only 8% were <32 weeks).

Discussion
The present study showed significantly reduced flexor
tone (popliteal angle, arm recoil, wrist flexion, and
dorsiflexion) and adductor angle in preterm infants
at 40 weeks’ PCA when compared to full term while
posture, heel‑to‑ear angle, and scarf sign were not found
to be significantly different. The literature review showed
few studies evaluating this for preterm infants. One study

Although we examined the infants at <72 h of life, no
significant difference for posture was found between
preterm and term infants. This suggests that stress of

Table 2: Descriptive data of preterm at 40 weeks’ postconceptional age compared to full‑term infants

Parameters

30‑32 weeks
32‑34 weeks
34‑36 weeks
36‑37 weeks
Full term
(n=3)
(n=5)
(n=30)
(n=23)
(n=74)
Weight (kg)
2.78±0.37
3.04±0.20
3.17±0.29
3.25±0.25
3.20±0.22
Head circumference (cm)
33.96±0.25
33.52±0.58
34.62±0.81
34.68±0.68
34.70±0.67
Adductor angle (0°180°)
94.67±3.05
88.8±3.03
88.20±3.39
86.96±4.76
86.47±3.55
Popliteal angle (0°‑180°)
113.33±2.30
111.20±2.28
111.00±4.78
110.13±6.97
105.64±5.40
Heel‑to‑ear angle (0°‑180°)
124.26±4.00
125.60±3.84
121.60±4.47
121.57±5.11
121.73±5.20
Dorsiflexion angle (90°‑0°)
62.67±5.03
53.73±5.30
53.73±5.30
49.74±5.24
30.17±7.80
Arm recoil (180°‑0°)
121.33±2.30
109.20±12.30
108.83±9.06
107.09±8.58
90.70±11.97
Wrist flexion (90°‑0°)
64.67±6.42
60.60±4.45
59.47±5.98
56.83±7.38
37.65±9.66
Posture (score 0‑4)
3.67±0.57
3.60±0.54
3.94±0.21
3.95±0.21
3.91±0.29
Scarf sign (score 1‑4)
2.33±0.57
3.00±0.0
2.83±0.38
3.00±0.0
2.99±0.39
The numbers are as mean±SD. *P<0.05 is significant (P‑value obtained by multiple comparisons). SD: Standard deviation

a

c

P*
0.021
0.004
<0.001
<0.001
0.467
<0.001
<0.001
<0.001
0.435
0.009

b

d

Figure 1: Relationship of muscle tone of preterm infants at first assessment (blue lines) and at 40 weeks’ postconceptional age (green lines). Gestational
age in weeks in X‑axis and angles in degree in Y‑axis (a: Heel‑to‑ear angle; b: Adductor angle; c: Popliteal angle; d: Arm recoil)
S46

Journal of Neurosciences in Rural Practice ¦ Volume 8 ¦ Supplement 1 ¦ August 2017

Farmania, et al.: Impact of gestational age on muscle tone in preterm infants

delivery may not play the influential role on maturation
of posture. This was in accordance with previously
published studies though the timing of examination
differed in these studies from the present study.[18‑22]
One study observed muscle tone assessment of preterm
infants not to be influenced by birth weight, and the
evolution is clearly related to PCA.
We measured heel‑to‑ear angle objectively by
goniometer, whereas most of the previous studies
have assessed them subjectively as scores. It is well
known that passive tone maturation occurs in the
caudocephalic pattern. A previous study has reported the
sequential evolution of tone and reflexes from 25 weeks’
postmenstrual age (PMA) to 40 weeks’ PCA.[23] It found
the lower extremity flexor tone to be first detectable
at 29 weeks’ PMA as demonstrated by the popliteal
angle and heel‑to‑ear maneuvers. Around 2–3 weeks
after this, the upper limb tone could be detected by the
maneuvers. The author postulated that two patterns of
normal development are seen in the preterm infants:
tone and reflexes appear in a caudocephalad (lower to
upper extremities) and in centripetal (distal to proximal)
manner.
Dorsiflexion angle of preterm infants at 40 weeks’ PCA
was 52.7° ± 6.13°. All infants showed <10° difference
between the rapid and slow angle. This is in accordance
with Amiel‑Tison which states that in the newborn
period, the angle itself depends on the gestational age
at the time of birth and ranges from 50° to 60° in very
premature infants to nearly 0° in full‑term infants.[24]
The functional anatomic approach by Sarnat explains
the caudocephalic maturation.[25] There are two
pathways in the control of motor function: corticospinal
and subcorticospinal. The timing and direction of
development differ in these two systems as myelination
differs. The subcorticospinal system myelinates early
and in caudocephalic direction (very rapid changes are
observed from 24 to 34 weeks’ gestation). By 34 weeks,
some of these pathways (medial) are fully myelinated
while others (lateral) are partially myelinated.
Antigravity activity is dependent on the lower system.
Strengths and limitations

advisable in these cases. Limitations of the present study
were small sample size, single‑center data, noninclusion
of <30 weeks’ gestational age, lack of further follow‑up
to correlate with development at 1 and 2 years age,
and examination by trained pediatrician but not special
neurodevelopmental pediatrician or physician. The
maturation of Heel to ear angle is based on measurement
of infants of different gestational age rather than
following same cohort fortnightly. More number of
studies or multicenter studies with larger sample and
inclusion of preterm infants <30 weeks’ gestational age
are required to validate the present study findings.

Conclusions
Goniometric assessment provides a objective normative
data of muscle tone for preterm infants. Maturation of
heel to ear and posture evolves from 32 weeks onwards
and are the earliest neurologic marker to mature in
preterm infants independent of the gestational age at
birth.
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