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Comparison of visual and goniometric 
assessment and analysis of inter observer 
difference in assessing amiel tison angles in 
high risk infants

Abstract

Background. High risk infants (HRI) are more vulnerable for neurodevelopmental delay and require periodic developmental assessment 

at \irst year of life to prevent and identify the neuromotor de\icit at an early age. Clinically visual method is widely followed in evaluating 

muscle tone using Amiel tison angles (ATA) in HRI but erroneous interpretation of ATA might have consequences in identi\ication and 

management of subtle tonal deviation. This study intends compare the visual and Goniometric assessment and inter observer difference 

in the assessment of muscle tone using ATA in HRI.

Methods. 37 HRI who met the inclusion criteria were included and two Physiotherapists with similar quali\ications who work in the area 

of paediatrics participated in the study. The \irst assessor assessed the ATA visually followed by Goniometric assessment which was 

followed by visual assessment of ATA by the second assessor.

Results. Unpaired t test was used to compare the difference between goniometric and visual assessment which showed statistically 

signi\icant difference with p < 0.05. Intraclass correlation coef\icient test was used to analyse the inter observer difference. Adductor and 

Heel to ear angles showed an excellent correlation and popliteal angle showed good correlation with ICC value of 0.97, 0.91and 0.79 

respectively.

Conclusion. The result shows that interobserver difference of visual assessment is acceptable but emphasizes that the assessor should 

gain experience in visually assessing the angles trained initially by using goniometer to prevent erroneous interpretation which could 

reduce the difference between visual and goniometric estimates in the later stage.
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Streszczenie

Wprowadzenie. Niemowlęta wysokiego ryzyka (HRI) są bardziej podatne na opóźnienia neurorozwojowe i wymagają okresowej oceny 

rozwoju w pierwszym roku życia, aby zapobiec i zidenty\ikować de\icyt neuromotoryczny we wczesnym wieku. Kliniczna metoda 

wizualna jest powszechnie stosowana w ocenie napięcia mięśniowego za pomocą skali Amiela‑Tisona (ATA) u niemowląt wysokiego 

ryzyka, ale błędna interpretacja skali ATA może mieć konsekwencje w identy\ikacji i leczeniu subtelnych odchyleń napięciowych. 

Niniejsze badanie ma na celu porównanie oceny wizualnej i goniometrycznej oraz różnic między badaczami w ocenie napięcia 

mięśniowego za pomocą skali ATA u niemowląt wysokiego ryzyka.

Metody. W badaniu wzięło udział 37 niemowląt wysokiego ryzyka spełniających kryteria włączenia do badania oraz dwóch 

\izjoterapeutów o podobnych kwali\ikacjach, pracujących w obszarze pediatrii. Pierwszy oceniający oceniał kąty ATA wizualnie, a 

następnie goniometrycznie, następnie drugi oceniający dokonywał tej samej oceny. 

Wyniki. Do porównania różnicy między oceną goniometryczną i wizualną zastosowano niesparowany test t, który wykazał statystycznie 

istotną różnicę przy p < 0,05. Do analizy różnicy między badaczami wykorzystano test współczynników korelacji wewnątrzklasowej. 

Kąty przywodzenia i pięta do ucha wykazywały doskonałą korelację, a kąt podkolanowy wykazywał dobrą korelację z wartościami ICC 

wynoszącymi odpowiednio 0,97, 0,91 i 0,79.

Wniosek. Wynik pokazuje, że różnica w ocenie wizualnej między badaczami jest akceptowalna, ale podkreśla, że osoba oceniająca 

powinna zdobyć doświadczenie w wizualnej ocenie kątów, początkowo za pomocą goniometru, aby zapobiec błędnej interpretacji, która 

mogłaby zmniejszyć różnicę między ocenami wizualnymi i goniometrycznymi na późniejszym etapie
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Introduction
High risk infant (HRI) is defined as increased risk of suffering 
co morbidity and potentially fatal complication due to fetal, 
maternal or placental anomalies. Most common causes of death 
for infants aged 0­4 weeks are low birth weight, asphyxia and 
sepsis [1]. In India, Infant Mortality rate is approximately esti‐
mated as 40 per 1000 live births in which two­third is contribu‐
ted by neonatal deaths [2]. Even though there has been 
a substantial improvement in neonatal survival, the incidence of 
chronic morbidities and adverse outcome in survivors continues 
to be high. 
Common risk factors associated with an infant are preterm birth 
(PTB), low birth weight, Hypoglycemia, Respiratory distress 
syndrome, Sepsis, Hyperbilirubinemia, and neonatal seizures 
which causes the infant to be more vulnerable to neurodevelop‐
mental delay. Neonatal hypoglycemic brain injury is associated 
with the subsequent development of infantile spasm and seizure 
resulting in damage to the brain leading to neurodevelopmental 
comorbidities like motor delay, speech delay, learning difficul‐
ties and intellectual disability [3, 4]. Preterm birth is an impor‐
tant determinant of child health and 15 million infants are born 
preterm every year across the world out of which 1 million in‐
fants die due to complications and Preterm infants (PTI) who 
survive along with Low birth weight and sepsis face long term 
adverse outcomes impairing neurodevelopmental functions [5, 
6, 7]. Hyperbilirubinemia in the neonatal period can result in 
hearing loss or damage to basal ganglia leading to athetoid ce‐
rebral palsy or manifested as developmental delay, cognitive 
impairment, behavioral and psychiatric disorder [8]. 
Early detection of delay and their prevention can prevent disa‐
bility in later life. All infants at high risk of developmental de‐
lay require periodic developmental assessment at first year of 
life to prevent and identify the neuromotor deficit at an early 
age. Amiel tison neurological assessment (ATNA) is commonly 
used measure for assessing neurological status of infants which 
has a good Interrater reliability and agreement with neurologi‐
cal and developmental assessment at follow up for any infant 
with high risk factors [9, 10, 11]. Saint anne dargassies et al., 
described assessment of tone as an important aspect of neuro‐
developmental evaluation of HRI which would be deviated 
even with subtle neural impairment which needs to be assessed 
and intervened [12]. Muscle tone evaluation help us to know 
about the neuromaturity and identify deviations from normal by 
assessing with Amiel tison angles (ATA) which act as an impor‐
tant weapon in screening high risk infants [13]. 
Analysis of human movement is an important skill required in 
clinical practice. It is the systematic observation and introspec‐
tive judgment of the quality of movement and in clinical practi‐
ce it is based on visual observation and rating of movement. 
Visual perception is the ability to interpret the information that 
our eyes receive and clinically professionals use Amiel tison 
method for the assessment of muscle tone of HRI by visually 
measuring the angle to know the level of neuromuscular matu‐
rity and deviation. It is observed that there could be difference 
in the angle compared with goniometer and also between two 
assessors based on their visual perception.
Literature shows that difference between visual and goniome‐

tric measurements exist in the assessment of various angles in 
clinical practice. Thejus Jayakrishnan et al., found the reliability 
of visual and Goniometric assessment of popliteal and Heel to 
Ear in hypertonic and normal infants and concluded that the me‐
an difference was seen in both measurements [14]. Goniometric 
measurements and visual estimation was examined to test the re‐
liability of knee flexion and extension which showed that gonio‐
metric measurement were highly reliable and visual estimates 
will have slight error [15] whereas assessment of MCP joint an‐
gle indicates that goniometry has shown greater reliability than 
visual estimation in the assessment of smaller joints and insists 
that both the assessment should not be interchangeably used 
[16]. 
Clinically visual method is being followed in assessing ATA in 
the first year of life in HRI but visual interpretation may be dif‐
ferent with goniometric measurements and there could be diffe‐
rence between two observers which could affect the 
interpretation of muscle tone. This study intends to compare the 
visual and Goniometric assessment and inter observer difference 
in the assessment of muscle tone using ATA in high risk infants 
and the result would give an insight on interpreting ATA in clini‐
cal situations.

Aim
The aim of the study was to compare visual and Goniometric as‐
sessment and inter observer difference in the assessment of mu‐
scle tone using ATA in high risk infants.

Materials and methods
Subject Recruitment
This cross sectional study was approved by the Ethics committee 
of Sri Ramachandra Institute of Higher Education and Research 
(CSP/18/SEP/73/257) and conducted in Karthikeyan child deve‐
lopment unit, Sri Ramachandra Hospital, 37 infants of both gen‐
ders with High risk factors at 8 months chronological age were 
included and subjects who had musculoskeletal injuries and 
Chromosomal abnormalities were excluded from the study. All 
procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional 
and national research committee and with the Helsinki declara‐
tion. 

Instrumentation
Goniometer
The universal standard goniometer is an apparatus designed to 
measure the joint angle between the axes of two articulating bo‐
nes. There are two arms of the goniometer the stationary arm 
and the movable arm. Each arm is positioned at specific points 
on the body and the center of the goniometer is aligned at the jo‐
int to be measured (Figure. 1). 

Method of measuring the ATA
Position and method of assessment was adapted from the study 
done by Magda and Da Silva et al [17]. 
Adductor angle was measured with the infant positioned in supi‐
ne, both hip and knee in vertical with the trunk and gently ab‐
duct the lower extremities. The angle is measured by placing the 
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fulcrum of goniometer at symphysis pubis and both the arms in 
parallel to the inner aspect of femur (Figure 2). 
Heel­to­ear angle was measured placing 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 ano‐
ther arm parallel to the couch. The angle that the lower extre‐
mities make with the couch is measured [(Figure 3).
Popliteal angle was obtained 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 ba‐
sed on the measurement between the thigh and calf (Figure 4). 

Procedure
The HRI who were returning back for neurodevelopment asses‐
sment at 8 months of age to Karthikeyan Child Development 
unit were taken into the study based on inclusion criteria. Prior 
to the study informed consent is obtained from the parents. PTI 
were included at 8 months of corrected age. Two Physiotherapi‐
sts with similar qualifications who work in the area of paedia‐
trics assessed ATA. Asseessment was done when the infant was 
awake and calm. The first assessor assessed the ATA visually 
followed by Goniometric assessment. Later ATA was assessed 
visually by the second assessor with a gap of one hour on the sa‐
me day. Three trials were allowed and best of three was taken.

Results
Datas were analysed using SPSS software version 17.0. 37 
HRI participated in this study with 29 male and 8 female 
children. Unpaired t test was used to compare the difference 
between goniometric and visual assessment which showed 
statistically significant difference with p < 0.05 (Table 2). 

Intraclass correlation coefficient test was used to analyse the 
inter observer difference between two visual assessments. 
Adductor angle and heel to ear angles showed an excellent 
correlation with ICC value of 0.97 and 0.91 and popliteal 
angle showed good correlation with ICC value of 0.79 (Ta‐
ble 3).

Figure 1. Goniometer Figure 2. Adductor angle

Figure 3. Heel to ear angle Figure 4. Popliteal angle
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Adductor

Heel to Ear

Popliteal angle

Goniometer
Visual assessment 1
Visual assessment 2

Goniometer
Visual assessment 1
Visual assessment 2

Goniometer
Visual assessment 1
Visual assessment 2

115.05 (17.5)
125.2 (17.8)
120.2 (16.24)

124.6 (9.20)
112.7 (11.76)
107.2 (10.7)

116.6 (11.69)
105.4 (10.43)
104 (11.65)

ATA Assessment Mean (SD)

Table 1. Mean and standard deviation

Discussion
Measurements of ATA are crucial in the screening and follow 
up of HRI in the first year of life. Atypical muscle tone is one 
of the most common clinical features observed in children 
with neurodevelopmental disorder. ATA helps to detect the 
transient neuromotor problems which are associated with neu‐
rological and behavioral deficit as the child reaches the first 
year of life Erroneous interpretation of ATA might have con‐
sequences in identification and management of subtle tonal 
deviation [18]. Goniometric assessment is an objective me‐
thod of measuring angles but in clinical setting it is found to 
be time consuming and less convenient in younger children 
due to which visual assessment is widely used. Errors in visu‐
al interpretation might be common as it is based on individu‐
al’s perception with reference to the movement and might 
have difference which was explored in this study.
Mean difference between goniometric and visual assessment 
for adductor, heel to ear and popliteal angle was 10.15°, 
11.9°, 11.2° respectively (Table 1). Significant difference be‐

tween goniometric and visual assessment with p value < 0.05 
conveys that the difference in values are high and need to con‐
sidered when clinically interpreting the muscle tone (Table 2). 
This is in concordance with the study done by Berg et al., whe‐
re intra tester and inter tester reliability was examined between 
goniometric and visual estimation of popliteal angle in cerebral 
palsy and normal children and the result showed that interclass 
correlation was low for both groups [19]. Thejus Jayakrishnan 
et al found the reliability of visual and Goniometric assessment 
of popliteal and Heel to Ear in hypertonic and normal infants 
and concluded that the mean difference was less in popliteal 
angle (8.73) compared to adductor angle (14.47) but the cur‐
rent study shows similar mean difference in popliteal angle 
(11.2) and Adductor angle (10.15) [10].
 Berge et al., also found the reliability of popliteal angle me‐
asurement in Cerebral palsy and control groups and concluded 
that ICC for intraobserver differences was higher than 0.75 for 
both groups but ICC for interobserver reliability of visual esti‐
mates and goniometric measurements was low for both groups 

Adductor

Heel to Ear

Popliteal angle

ATA

Table 2. Comparison of goniometric and visual assessment

37

37

37

N

Goniometric
Visual assessment

Goniometric
Visual assessment

Goniometric
Visual assessment

Angles Mean (SD)

0.01*

0.00*

0.00*

p value

115.05 (17.5)
125.2 (17.8)

124.6 (9.20)
112.7 (11.76)

116.6 (11.69)
105.4 (10.43)

Unpaired t test < 0.05; *significant

Adductor

Heel to ear

Popliteal

0.97

0.91

0.79

Angles ICC value

Table 3. Intra class correlation coefficient of two visual assessments

ICC: < 0.40­ Poor, 0.40­0.59­ Fair, 0.60­ 74­Good 0.75­1.0­ Excellent.
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which is in concordance with this study [19].Though normati‐
ve values of ATA in the first year of life are not interpreted in 
definite angles but are found in a range, difference of visual 
assessment of more than 10 degrees would be clinically signi‐
ficant in interpreting the subtle tonal deviations in HRI. 
Clinically visual assessment between two Physiotherapists sho‐
wed lack of consistency. Youdus et al., found the intertester re‐
liability of ankle joint and found that there was inconsistancy 
when two or more physiotherapist make repeated measurement 
[20]. Mean difference between two visual assessments in this 
study was 5.0, 5.5 and 1.4 for adductor, heel to ear and poplite‐
al angle respectively. Table 3 shows Intraclass correlation value 
of interobserver difference which shows an excellent correla‐
tion with ICC value for 0.97, 0.91 and 0.79 for adductor, heel 
to ear and popliteal respectively which conveys that visual dif‐
ference can be accepted clinically. Allington NJ et al., found 
that both visual estimation and goniometry of ankle ROM had 
high reliability for intraobserver and interobserver measure‐
ments with r value of > 0.75 concluding that measurements we‐
re reliable and reproducible in spastic cerebral palsy children 
when strict protocol was adhered [21]. 
Quantitative assessments are required to monitor changes in the 
subsequent follow ups and to adopt strategies to improve and 
monitor therapy. The result also emphasizes that the assessor 

should gain experience in visually assessing the angles trained 
initially by using goniometer to prevent erroneous interpretation 
which could also reduce the difference between visual and go‐
niometric estimates in the later stage. As the result of this, study 
showed minimal variation between two Physiotherapists, visual 
assessment method can be supported but this method should not 
be the only measure in clinically interpreting the muscle tone 
and as HRI are screened at regular intervals same assessor can 
practice performing subsequent follow up without much varia‐
tions. Intra observer difference could have also been explored 
and small sample size is considered as limitation of this study.

Conclusion
The result shows that interobserver difference of visual asses‐
sment is acceptable but emphasizes that the assessor should gain 
experience in visually assessing the angles trained initially by 
using goniometer to prevent erroneous interpretation which could 
reduce the difference between visual and goniometric estimates.
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