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Intra-and inter-examiner reliability of Alberta Infant 
Motor Scale application in follow-up ambulatory of 
at-risk newborns
Confiabilidade intra e interexaminadores da aplicação da Escala Motora Infantil  
de Alberta (EMIA) em ambulatório de seguimento de recém-nascidos de risco
Fiabilidad intraevaluadores e interevaluadores de la aplicación de la Escala Motora Infantil 
de Alberta (EMIA) en un seguimiento ambulatorio de recién nacidos de riesgo
Olivia Ramalho1, Luciana Sayuri Sanada2, Natália Alves Menegol3, Sheila Cristina da Silva Pacheco4, 
Anelise Sonza5, Dayane Montemezzo6

ABSTRACT | Prematurity is a risk factor for delayed 

motor development, and it is recommended to monitor 

these infants in the first two years of life. To verify the 

properties of intra and inter-examiner measurements 

of AIMS in an outpatient follow-up clinic for newborns 

at risk in a public maternity hospital. Prospective study 

conducted in an outpatient follow-up of high-risk 

newborns. The Intraclass Correlation Coefficient (ICC) 

was used to analyze reliability. To compare the intra-

examiner evaluations, the paired T-test or Wilcoxon test 

was performed. The independent T-test was used to 

compare inter-examiner assessments. The correlation 

between variables was analyzed using the Pearson or 

Spearman test. The Bland Altman test was performed to 

assess the concordance between the scores. 31 preterm 

infants with 8,47 ± 4,49 of corrected age were 

evaluated. There was no significant difference between 

the evaluations intra and inter-examiner. The ICC values 

remained above 0.88 for both intra and inter-examiner 

evaluation. The scores showed high agreement. AIMS 

has intra- and inter-examiner reliability for assessing 

and monitoring preterm newborns for up to 18 months 

in a follow-up clinic. 

Keywords | Motor Development; AIMS; Reliability.

RESUMO | A prematuridade é fator de risco para 

atraso do desenvolvimento motor, e recomenda-se 

o acompanhamento desses lactentes nos primeiros 

dois anos de vida. Verificar a confiabilidade intra e 

interexaminadores da Escala Motora Infantil de Alberta 

(EMIA) em ambulatório de seguimento de recém-nascidos 

de risco de uma maternidade pública. Estudo prospectivo 

realizado em ambulatório de seguimento de recém-

nascidos de risco. As avaliações do desenvolvimento 

motor foram realizadas por meio da EMIA, por dois 

avaliadores previamente treinados. O Coeficiente de 

Correlação Intraclasse (CCI) foi utilizado para análise das 

confiabilidades. Para a comparação entre as avaliações 

intraexaminadores foi realizado o Teste T pareado ou Teste 

de Wilcoxon. O Teste T independente foi utilizado para 

comparar as avaliações interexaminadores. A correlação 

entre as variáveis foi analisada a partir do Teste de Pearson 
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ou Spearman. Para avaliar a concordância entre os escores foi 

realizada análise de Bland Altman. Foram avaliados 31 recém-

nascidos pré-termo (RNPT) com idade corrigida média de 8,47 

± 4,49. Não houve diferença significativa entre as avaliações 

intraexaminadores e interexaminadores. Os valores de CCI se 

mantiveram acima de 0,88 para a confiabilidade intraexaminadores 

e interexaminadores. Os escores apresentaram alta concordância, 

analisada por meio do teste de Bland Altman. EMIA apresentou 

adequada confiabilidade intra e interexaminadores para avaliação 

e acompanhamento de RNPT até 18 meses em ambulatório de 

seguimento de lactentes de risco.

Descritores | Desenvolvimento Motor; EMIA; Confiabilidade.

RESUMEN | La prematuridad es un factor de riesgo de retraso 

en el desarrollo motor de los lactantes y se recomienda la 

monitorización de ellos durante los dos primeros años de vida. 

Verificar la fiabilidad intraevaluadores e interevaluadores de 

la Escala Motora Infantil de Alberta (EMIA) en un seguimiento 

ambulatorio de recién nacidos de riesgo en una maternidad 

pública brasileña. Estudio prospectivo realizado en un 

seguimiento ambulatorio de recién nacidos de riesgo. Para 

evaluar el desarrollo motor, la EMIA fue empleada por dos 

evaluadores previamente capacitados. Se utilizó el coeficiente 

de correlación intraclase (CCI) para analizar la fiabilidad. Para 

comparar las evaluaciones intraevaluadores, se utilizó la prueba 

T pareada o la prueba de Wilcoxon. La prueba T independiente 

se utilizó para comparar las evaluaciones interevaluadores. La 

correlación entre las variables se analizó mediante la prueba 

de Pearson o Spearman. Para evaluar la concordancia entre los 

puntajes, se aplicó el análisis de Bland Altman. Se evaluaron a 

31 recién nacidos pretérmino (RNPT) con un promedio de edad 

media corregida de 8,47 ± 4,49. No hubo diferencias significativas 

entre las evaluaciones intraevaluadores e interevaluadores. Los 

valores de CCI se mantuvieron por encima de 0,88 para la 

fiabilidad intraevaluadores e interevaluadores. Los puntajes 

mostraron un alto nivel de concordancia, que se analizó mediante 

el Bland Altman. La EMIA apuntó una adecuada fiabilidad intra 

e interevaluadores para evaluar y monitorear los RNPT hasta 

18 meses en seguimiento ambulatorio de lactantes de riesgo.

Palabras clave | Desarrollo Motor; EMIA; Fiabilidad.

INTRODUCTION 

Prematurity is one of the major causes of infant mortality 
and morbidity, both in the neonatal and early childhood 
periods, due to general immaturity that can lead to systemic 
changes and dysfunctions, in addition to cognitive, motor, 
communicative, behavioral, learning and sensory delays1,2. 
Brazil ranks 10th in the world ranking of premature births, 
with an index of 11.5% of premature births, which generates 
an increase in the daily cost of hospitalization in a neonatal 
intensive care unit (ICU), according to studies1,3. 

In the neonatal ICU, besides biological risk factors due 
to the low gestational age that imply several alterations in 
the essential systems4, the preterm newborn (PTNB) is 
exposed to environmental factors that will also contribute 
to changes in its motor development. Hospitalized in the 
neonatal ICU, the PTNB is subjected to a series of invasive 
and painful procedures, restricted physical space, absence of 
adequate stimuli, hospital routine that affect their mobility, 
contribute to a delayed and deficient motor development4. 

Detecting these factors and minimizing them early, 
performing a careful evaluation in the first years of life 
and identifying disorders in motor development, allows 
determining an appropriate intervention that allows 
children with delays to follow the same pace of acquisitions 

of a child with normal motor development4,5. Evidence 
also shows that an early intervention program is more 
effective during the first two years of life due to the 
high neuroplasticity of PTNB, and, therefore, after the 
hospitalization period, multiprofessional follow-up in an 
outpatient clinic for at-risk newborns until the first two 
years of life is recommended6,7.

The scales for evaluating the motor development of 
infants such as Bayley Scales of Infant Development and 
Peabody Developmental Motor Scales, despite being 
reliable validated and tested in several countries, have 
high cost and require specific training8. The Alberta Infant 
Motor Scale (AIMS), however, has been widely used in 
the evaluation of motor skills because it is easy and fast to 
apply, and has been shown to be sensitive to the detection 
of motor deficits9. This scale was developed by Piper and 
Darrah in 1994 as an observational measurement scale of 
broad motor function used in term and preterm infants 
above forty gestational weeks, until the acquisition of 
independent gait10. AIMS was validated for the Brazilian 
population by Valentini and Saccani11 and the results showed 
adequate reliability and validity for use in monitoring the 
development of Brazilian infants. 

Previous studies have analyzed some AIMS 
measurement properties, but the measurement properties 
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in preterm infants followed in follow-up outpatient 
clinic for at-risk newborns have not been studied. Thus, 
our study aims to verify the intra- and inter-examiner 
reliability of the Alberta Infant Motor Scale in a follow-
up outpatient clinic for at-risk newborns.

METHODOLOGY

A prospective study conducted in the follow-up 
outpatient clinic for at-risk newborns of a reference 
maternity hospital in southern Brazil. The guardians 
were informed about the objective of the study and 
the procedures to be performed with the infants; after 
agreeing, all of them signed an informed consent form 
and the image and video consent form.

Infants of both sexes, between 0 and 18 months of 
corrected age, under follow-up at the outpatient clinic 
of the maternity, participated in the study; infants with 
a clinical history of congenital malformation, genetic 
syndromes, grade III and IV periventricular hemorrhage, 
clinically instable infants, and those who did not complete 
the study protocol were excluded. The sample was non-
probabilistic and intentional.

The sample was characterized by means of an instrument 
specific to the study and answered by the guardians. The 
evaluations of motor development were made using the 
AIMS script, in a reserved environment, by two examiners 
previously trained. The training of the examiners consisted of 
18 hours of theoretical-practical classes on the application of 
AIMS, in addition to practical experience in the application 
of assessments with AIMS in infants. The scale contains 58 
items, divided into four subscales: prone (21 items), supine 
(nine items), sitting (12 items) and standing (16 items). 
The evaluation is observational, follows a script analyzing 
three points, namely: antigravitational movement, weight 
discharge and postural control10. The one-point score is 
given to each of the items that the infant performs and 
those before the opening of the motor window of each 
subscale, thus, the sum of the four subscales generates the 
total score10. Thus, by the total score and corrected age of 
the infant, the percentile is estimated, and infants with 
percentile below 25% were considered at risk11,12. In case of 
agitation and excessive crying, or any behavioral changes, 
the evaluation was interrupted until the infant returned to 
the initial condition, so as not to interfere with the results. 

A Nikon Coolpix L120® camera was used, positioned 
on a tripod adjusted at a height of one meter, angle of 45° 
to 1.5 meters away from both the examiner and the infant. 

For the inter-examiner reliability protocol, two 
examiners simultaneously analyzed the infants, marked 
their score, but an examiner made physical contact with 
the child during postures. The evaluations were timed and 
the order of the examiners that would apply the AIMS was 
randomized. To comply with the intra-examiner reliability 
protocol, the footage was evaluated again by the same 
examiner, between seven and fifteen days after the first 
evaluation, to reduce memory bias12. 

After the evaluations, the results were tabulated and 
the data analyzed in the Statistical Package for the Social 
Sciences version 20.0. The data were presented as measures 
of central tendency and dispersion, according to the 
normal distribution of the data. The Intraclass Correlation 
Coefficient (ICC) was used to analyze intra-examiner 
reliability. For the comparison between intra-examiner 
reliability assessments, the paired T Test or Wilcoxon 
test was used, according to the normal distribution of the 
data. The independent T-test was used to compare inter-
examiner reliability assessments. The correlation between 
the variables was analyzed using the Pearson or Spearman 
correlation test, according to the data normal distribution. 
Bland-Altman analysis was applied to analyze if there is 
agreement between the scores of the evaluations of intra- 
and inter-examiner reliability from the mean and standard 
deviation of the differences and the lower and upper limits 
of agreement. The significance level determined was p<0.05 
for all statistical analyses. 

RESULTS

Thirty-one infants with a mean corrected age of 
8.47±4.49 months were evaluated, and 10 evaluations 
were used for intra-examiner reliability analysis 1; 10 for 
intra-examiner reliability analysis 2; and 11 for inter-
examiner reliability, whose data on the characterization 
of infants are shown in Table 1.

Table 2 shows the results related to the scores and 
percentiles of the application of AIMS for the evaluation 
of intra-examiner and inter-examiner reliability.

Table 3 shows the results related to intra and inter-
examiner reliability.

Figure 1 shows the data correlation, based on the 
correlation analysis of Pearson and Spearman.

Figure 2 shows the data from qualitative analysis 
of agreement of the AIMS scores based on the Bland-
Altman analysis.



﻿﻿Ramalho et al. AIMS reliability in follow-up outpatient clinic

91

Table 1. Characterization of infants participating in intra- and inter-examiner reliability

Variables Intra-examiner 1 
(n=10)

Intra-examiner 2 
(n=10)

Inter-examiner 
(n=11)

Total
(n=31) p-value

Sex 6M/4F 8M/2F 6M/5F 20M/11F -

GA (weeks) 33.16 (3.50) 33.21 (2.32) 32.80 (1.62) 33.06(2.69) 0.89

CA (months) 10.08 (4.87) 7.13 (4.48) 9.83 (4.17) 8.95 (3.89) 0.31

CA (months) 8.37 (4.71) 5.52 (4.33) 8.03 (4.23) 8.47 (4.29) 0.06

BW (g) 2146.25 (865.46) 1935 (831.75) 1790 (445.60) 1900[1013] 0.03
M: male; F: female; GA: gestational age; CA: chronological age; CA: corrected age; BW: birth weight. Data presented by mean and standard deviation (SD).

Table 2. Intra-examiner (evaluations 1 and 2) and inter-examiner (examiner 1 and 2) reliability of AIMS scale applied in infants

 AIMS Evaluation 1 Evaluation 2
95% CI

p
LL UL

Intra-examiner 
reliability

Examiner 1 Score 23.60±17.6 23.10±17 0.55+

percentile 9.50±2.7 9.30±2.7 -0.46 0.86 0.51*

Examiner 2 Score 32.9±20 32±20.7 0.12+

percentile 2.40±1 2.4±1.1 1.00+

Inter-examiner reliability
Score
percentile

Examiner 1 Examiner 2
Score 34.64±17 33.73±16.9 -14.16 15.98 0.90#

percentile 6.36±2.6 6.09±2.9 -2.17 2.72 0.82#

AIMS: Alberta Infant Motor Scale; LL: Lower limit; UL: Upper limit; CI: Difference confidence interval; data presented by mean±standard deviation; p=p value; +Wilcoxon test performed;*performed paired 
t-test; #performed T-test.

Table 3. AIMS Reliability Analysis

ICC 95% ICC
LL-UL P

1 1.00 1.00-1.00 <0.001

Score 2 0.99 0.97-1.00 <0.001

1-2 0.99 0.97-1.00 <0.001

1 0.89 0.63-0.97 <0.001

Percentile 2 0.88 0.59-0.97 <0.001

1-2 0.96 0.86-0.99 <0.001

1: examiner 1; 2: examiner 2; 1-2: interexaminers; ICC: Interclass Correlation Coefficient; LL: Lower limit; UL: Upper limit; p: p-value
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Sc
or

e

60
50
40
30
20
10

0
6050403020100

p<0.001
rho: 0.979

60
50
40
30
20
10
0

605040302010
p<0.001

rho: 0.957

60
50
40
30
20
10
0

6050403020100
p<0.001
r: 0.993

pe
rc

en
til

e

4,0
3,5
3,0
2,5
2,0
1,5
1,0

4,03,53,02,52,01,51,0
p<0.001

rho: 0.871

12
11

10
9
8
7
6

121110987

p<0.001
r: 0.903

10

8

6

4

1086420

p<0.001
r: 0.966

Figure 1. Graphs of correlation analyses between scores 1 and 2; and percentiles 1 and 2
Data from the first and second evaluations represented on the x and y axis, respectively. p: p value; r: Pearson coefficient; rho: Spearman coefficient.
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Figure 2. Qualitative analysis of agreement of the data of the scores represented based on the Bland-Altman test

DISCUSSION

This study included as differential the analyses of 
agreement, homogeneity, correlation and reliability 
between the AIMS data obtained by two examiners. 
Thus, these results showed that AIMS is adequate to 
assess motor development and identify possible motor 
delays of infants in a follow-up outpatient clinic for at-risk 
newborns of a reference maternity hospital in southern 
Brazil. A simple training was appropriate to prepare 
professionals for the evaluation of these infants. Most 
premature infants, despite being considered at risk, after 
hospital discharge end up not being followed up with the 
recommended frequency of at least twice visits between 
3-5 months of corrected age, and at 12 and 24 months 
of corrected age13. In this context, an existent delay in 
motor development is not identified, and may result in 
long-term problems of motor coordination, attention 
deficit, and delays in cognitive and school performance14,15. 
Therefore, in the first years of life, premature infants need 
periodic evaluations with standardized scales, so that any 
change in child’s overall development is detected early7.

The standardization of scales occurs by the evaluation 
of measurement properties, including reliability, since it 
addresses aspects about coherence, precision, stability, 
equivalence and homogeneity of an instrument, and 
especially in the case of a population at risk16. In our study, 
the percentile values showed no significant difference 
between the evaluations (LLp=0.34% and ULp=0.34%). 
Regarding inter-examiner reliability, results show no 
significant difference between the evaluations both in 
relation to the score at 95% CI (LLₑ=-0.42 points and 
ULₑ=2.23 points) and the percentile (LLp=- 0.25% and 
ULp=-0.80%). Moreover, in our study, AIMS percentile 
ICC of both intra- and inter-examiner remained above 
0.88, whereas for the ICC scale score it was ≥0.99. 

The ICC, which is a measure of agreement assessment 
between the data, presented in our study values above 
0.75, and approaching 1, representing high reliability 
for the application of tests according to the literature12. 
Similarly, Almeida et al.17, to evaluate the concurrent 
validity and AIMS inter-examiner reliability in preterm 
infants in Rio de Janeiro, Brazil, verified AIMS inter-
examiner reliability, with satisfactory ICC values in 
all ages evaluated, ranging from 0.76 to 0.99. These 
authors also verified that the concurrent validity 
between the AIMS raw scores and the Bayley Scale 
of Infant Development II had an excellent correlation 
(r=0.97; p<0.001). In 2013, Silva et al.18 analyzed AIMS 
reliability in 50 infants born preterm and full-term, aged 
around 4 months, whose results showed ICC above 
0.8 (19). Besides, in the validation study of the scale 
for the population os the state of Rio Grande do Sul, 
intra-examiner reliability showed a strong agreement 
(ICC=0.92-0.99). Although several studies have 
evaluated AIMS reliability, the differential of our study 
is the evaluation of these measures in infants followed in 
follow-up outpatient clinic for at-risk newborns, using 
complementary and Bland-Altman analysis. 

Studies recommend that, in addition to the reliability 
analyzed by the ICC, agreement should be evaluated as a 
complement, since the data may indicate a correlated but 
not concordant measure18-20. For such purpose, besides 
the ICC, the agreement between the examiners was 
evaluated using Bland-Altman Analysis. Giavarina20 
describes the Bland-Altman method as a method to 
quantify the agreement between two quantitative measures 
by the construction of upper and lower limits, that is, 
by a specific analysis it is possible to quantify bias and a 
range of agreement between the measures21. In our study, 
this statistical test showed that the mean differences for 
intra-examiner 1 (p=0.108), intra-examiner 2 (p=0.475) 
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and inter-examiner (p=0.157) analysis remained close to 
zero, with no statistically significant differences, indicating 
high intra- and inter-examiner agreement. The amplitude 
of the limits, both lower and upper, although low in 
our study, should be clinically evaluated by observing 
each infant evaluated, thus being observed whether 
this variation will be significant in the clinical area19,20. 
However, observing the limits of agreement, among 
the 31 evaluations, only 1 evaluation, of intra-examiner 
2 reliability, was an outlier, remaining outside the limits 
of agreement (LL=-3.66 points; UL=4.66 points), not 
influencing the results, since about 95% of the points 
should remain within the recommended22.

Therefore, based on these data, the evaluation with 
AIMS in an outpatient clinic of at-risk infants presents 
high intra- and inter-examiner reliability for clinical 
practice, besides being highly concordant. This finding 
can be considered an important contribution for physical 
therapists working in outpatient clinics such as this clinic 
in which our study was developed. A differential of our 
study regarding AIMS is the clinical applicability by 
different physical therapists that work in outpatient clinics 
of at-risk newborns, provided that they are carefully 
trained to perform this activity.

However, one limitation of the study was the difficulty in 
selecting the sample. Most of the parents and/or guardians 
that were contacted did not want to attend the therapeutic 
evaluation, despite the pediatricians’ recommendation, 
and for this reason, the sample size of the study was not 
satisfactory. The homogeneous distribution of the age 
group of the sample is also a possible limitation, thus 
recommending that future studies perform the analysis of 
Bland-Altman agreement in a larger sample and in new 
age groups. We also suggest, for future studies, analyses 
similar to that of our study considering the subscores of 
the positions prone, supine, sitting and standing, since the 
total score can be masked of when analyzed together even 
if there is difference between the subscales. 

CONCLUSION 

This study showed that AIMS presents high intra- and 
inter-examiner reliability with preterm infants at risk of 
up to 18 months, and we suggest that this scale can be 
applied as a way of evaluating and monitoring the motor 
development of preterm newborns under follow-up in 
the follow-up outpatient clinics for at-risk newborns by 
trained professionals.
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