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Objective  To evaluate the validity of the Test of Infant Motor Performance (TIMP) and general movements (GMs) 
assessment for predicting Alberta Infant Motor Scale (AIMS) score at 12 months in preterm infants.
Methods  A total of 44 preterm infants who underwent the GMs and TIMP at 1 month and 3 months of corrected 
age (CA) and whose motor performance was evaluated using AIMS at 12 months CA were included. GMs were 
judged as abnormal on basis of poor repertoire or cramped-synchronized movements at 1 month CA and 
abnormal or absent fidgety movement at 3 months CA. TIMP and AIMS scores were categorized as normal (average 
and low average and >5th percentile, respectively) or abnormal (below average and far below average or <5th 
percentile, respectively). Correlations between GMs and TIMP scores at 1 month and 3 months CA and the AIMS 
classification at 12 months CA were examined.
Results  The TIMP score at 3 months CA and GMs at 1 month and 3 months CA were significantly correlated with 
the motor performance at 12 months CA. However, the TIMP score at 1 month CA did not correlate with the AIMS 
classification at 12 months CA. For infants with normal GMs at 3 months CA, the TIMP score at 3 months CA 
correlated significantly with the AIMS classification at 12 months CA.
Conclusion  Our findings suggest that neuromotor assessment using GMs and TIMP could be useful to identify 
preterm infants who are likely to benefit from intervention.
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INTRODUCTION

An increase in the survival rate of preterm infants has 
led to a proportionate increase in the number of children 
with motor impairment [1]. As early infancy is a critical 
period of brain development, early identification of in-
fants with motor dysfunction is important for the imple-
mentation of appropriate interventions for better devel-
opmental outcomes [2]. However, over diagnosis should 
be avoided as it causes unnecessary parental worry and 
medical expenses. The American Academy of Pediatrics 
reported quality-of-care indicators for the neurodevelop-
mental follow-up of preterm infants, and suggested that 
a multidimensional screening test should be performed, 
using standardized instruments, at least twice within 1 
year after birth [3]. Rosenbaum [4] recommended that 
neonatal follow-ups should combine a standardized 
follow-up schedule (at the due date and at 3, 6, 12, 24, 
and 36 months) with interval evaluation of infants with 
perturbing developmental patterns.

Early neuromotor assessment, particularly in preterm 
infants, can be complicated because motor development 
during the first year of life is rapid and affected by biolog-
ical, social, and environmental aspects [5,6]. An unstable 
rate of infant motor development may complicate the 
efforts put forward to evaluate the efficacy of early inter-
vention programs [7]. Fluctuations in the percentile rank 
of repeated assessments may represent random varia-
tions in each session rather than actual changes in motor 
performance. In addition, preterm infants exhibit differ-
ent gross motor trajectories compared with term infants 
[8]. These findings can be incorrectly labeled as abnor-
mal [4]. Spittle et al. [6] systematically reviewed the clini-
metric properties of neuromotor assessments for preterm 
infants and reported that the best predictive assessment 
tools are age-dependent. The general movements (GMs) 
assessment and Test of Infant Motor Performance (TIMP) 
are the most predictive tools before the age of 4 months, 
while the Alberta Infant Motor Scale (AIMS) is appropri-
ate for older infants (8–12 months). Also, these three tools 
have been reported to exhibit highest levels of reliability.

TIMP is a discriminative and evaluative tool of mo-
tor performance and is used to evaluate infants under 4 
months of age [9,10]. The tool evaluates the posture and 
movement control required for functional performance 
in early infancy [11]. At 3 months of corrected age (CA), 

TIMP has been shown to identify 92% infants whose de-
velopment will be delayed at 12 months of age [12] and 
72% infants who will exhibit poor motor performance at 
preschool age (4 to 5 years) [13]. 

GMs are assessed by observing the spontaneous motor 
activity of an infant from the preterm period to 5 months 
CA [14]. This is a predictive and discriminative tool and has 
been reported to show great predictive accuracy for motor 
outcomes. In a systematic review of tests for the prediction 
of cerebral palsy (CP), the sensitivity and specificity of the 
GMs assessment were 98% (95% confidence interval [CI], 
74%–100%) and 91% (95% CI, 83%–95%), respectively [15]. 
In other studies, GMs at 1 month exhibited excellent sensi-
tivity, while those at 3 months exhibited great specificity for 
predicting motor dysfunction at 12 months [16,17]. 

AIMS is a discriminative tool for measuring the gross 
motor development of infants aged 0 to 18 months [18]. 
In total, 58 items are assessed by observing infants in 
prone, supine, sitting, and standing positions. A previous 
study demonstrated correlation between AIMS scores 
and Bayley II scores at 12 months CA in preterm infants 
[19]. In a systematic review of neuromotor assessments 
for preterm infants, AIMS was found to be an appropriate 
discriminative and predictive tool at 12 months CA [6]. 

The objective of the present study was to evaluate the 
validity of TIMP and the GMs assessment at 1 month and 
3 months CA for predicting the motor performance evalu-
ated using AIMS at 12 months CA in preterm infants. We 
also determined the predictive value of TIMP for the mo-
tor outcomes at 12 months CA in infants with high and low 
risks of developing CP according to the GMs assessment.

MATERIALS AND METHODS

Subjects and study design
The medical records of preterm infants who were evalu-

ated using AIMS at 12 months CA between April 2010 and 
April 2013 were retrospectively reviewed. Among them, 
those who visited the high-risk infant clinic at 1 month 
(between 2 and 5 weeks) CA and 3 months (between 
12 and 13 weeks) CA were enrolled in this study. In our 
high-risk infant clinic, GMs and TIMP scores of preterm 
infants were evaluated once during the writhing period 
and once during the fidgety period. This study was ap-
proved by the Samsung Changwon Hospital Institutional 
Review Board (No. 2016-SCMC-020-00). 
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Procedure
GMs are assessed by observing video recording of the 

infant in the supine position, in a calm and alert state 
with no external stimulation [14]. In the present study, 
GMs were evaluated at 1 month CA (writhing period) 
and 3 months CA (fidgety period). A single clinician with 
certified training in the GMs assessment analyzed each 
video. The inter-rater reliability between the two pedi-
atric physiatrists, including the examiner in this study, 
was investigated for 203 preterm infants in 2009 (not 
published), and an excellent agreement was observed 
(g=0.972, p=0.001). Subjects for the present study were 
recruited from April 2010, after completion of the reli-
ability study. The movements during the writhing period 
were classified as normal writhing movements, poor rep-
ertoire, cramped-synchronized movements, or chaotic 
movements. During the fidgety period, fidgety move-
ments were considered present (continuous or intermit-
tent), abnormal, or absent. 

TIMP (version 5.1) comprises of 42 items, of which 13 
assess spontaneous movements such as head centering, 
reaching, and individual finger movements and 29 assess 
the motor responses to various positions and the audi-
tory and visual responses to stimulation [10]. Each item 
has its own scale, and the scores for each item are added 
to yield a total score. The total scores are categorized as 
average (within +1.0 and −0.5 standard deviation [SD] of 
the age mean), low average (−0.5 to −1.0 SD below the 
age mean), below average (−1.0 to −2.0 SD below the age 
mean), and far below average (below −2.0 SD below the 
age mean). TIMP was also administered at 1 month and 
3 months CA by a pediatric physiatrist with experience 
with preterm infants.

At 12 months CA, AIMS was administered to observe 
spontaneous movements with minimal handling in de-
velopmental positions [18]. A total of 58 items were as-
sessed by a pediatric physiatrist, with the infant in prone 
(21 items), supine (9 items), sitting (12 items), and stand-
ing (16 items) positions. Each item was scored as ob-
served (1 point) or not observed (no point). All the scores 
were summed up to yield the total raw score, which was 
converted into an age-based percentile rank [20]. 

Statistical analysis
The categorical scores for the three tests were dichoto-

mized as normal or abnormal using the following clas-

sifications: GMs during the writhing period (normal; 
abnormal: poor repertoire, cramped-synchronized, or 
chaotic), GMs during the fidgety period (normal: present; 
abnormal: abnormal, or absent), and TIMP (normal: av-
erage and low average, abnormal: below average and far 
below average) [21,22]. For AIMS, the 5th percentile was 
used as the cut-off value to categorize infants as normal 
or abnormal.

All statistical analyses were performed using R ver-
sion 3.3.0 (Vienna, Austria; http://www.R-project.org/) 
and package ‘epiR’. Correlations between GMs and TIMP 
scores at 1 month and 3 months CA and the AIMS clas-
sification at 12 months CA were analyzed using Fisher 
exact analysis. Receiver operating characteristic (ROC) 
curves were used to determine the sensitivity, specific-
ity, positive, and negative predictive values and accuracy 
(with 95% CIs) of TIMP and the GMs assessment at 1 and 
3 months CA for predicting the AIMS classification at 
12 months CA. Areas under the curve (AUC) were com-
pared.

RESULTS

The study recruited a total of 44 preterm infants. The 
mean gestational age of the recruited infants was 31.2±3.1 
weeks and the mean birth weight was 1,719±516 g. The 
characteristics of the recruited infants are described in 
Table 1. 

Table 1. Demographic characteristics of preterm infants 
included in the present study (n=44)

Characteristic Value
Gestational age (wk) 31.2±3.1 (25–36)

Birth weight (g) 1,719±516 (820–3,040)

Gender

      Male 20 (45.5)

      Female 24 (55.5)

Small for gestational age 2 (4.5)

Intraventricular hemorrhage 
  (grade III and IV)

10 (22.7)

Respiratory distress syndrome 23 (52.3)

Bronchopulmonary dysplasia 8 (18.2)

Patent ductus arteriosus ligation 6 (13.6)

Necrotizing enterocolitis 2 (4.5)

Values are presented as mean±standard deviation (range) 
or number (%).

http://www.R-project.org/
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At 1 month CA, TIMP scores for two infants and GMs 
for five infants could not be evaluated as they were cry-
ing, irritable or asleep. Among 42 infants evaluated using 
TIMP at 1 month CA, 22 were categorized as normal and 
20 as abnormal. Among 39 infants evaluated for GMs at 
1 month CA, 21 showed normal GMs and 18 showed ab-
normal GMs. At 3 months, 36 infants exhibited a normal 
TIMP score and 8 exhibited an abnormal TIMP score, 
while 32 infants exhibited normal GMs and 12 exhibited 
abnormal GMs. According to AIMS, 36 infants were cat-
egorized as normal and 8 as abnormal at 12 months CA 
(Table 2).

Correlations between GMs and TIMP scores and the 
AIMS classification

GMs at both 1 month and 3 months CA showed a sig-
nificant correlation with the AIMS classification at 12 
months CA (p=0.015 and p=0.003, respectively). The 
sensitivity, specificity, positive and negative predictive 
values along with accuracy (with 95% CIs) of the GMs as-
sessment for the prediction of an abnormal AIMS score at 
12 months are shown in Table 2. 

There was a significant correlation between the TIMP 
score at 3 months CA and the AIMS classification at 12 
months CA (p=0.002). However, the score at 1 month CA 
was not significantly correlated with the AIMS classifica-
tion at 12 months CA (p>0.999). The sensitivity, specific-
ity, positive and negative predictive values, and accuracy 
(with 95% CIs) of TIMP for the prediction of an abnormal 
AIMS score at 12 months are shown in Table 2. 

Correlation between TIMP scores and the AIMS 
classification according to GMs

For infants with abnormal GMs at 1 month and 3 
months CA, the TIMP score at both the time points did 
not show a significant correlation with the AIMS clas-
sification at 12 months CA (Tables 3, 4). Similarly, for 

infants with normal GMs at 1 month CA, the TIMP score 
at 1 month CA was not significantly correlated with the 
AIMS classification at 12 months CA (Table 3). However, 
a significant correlation between the TIMP score at 3 
months CA and the AIMS classification at 12 months 
CA for infants with normal GMs at 3 months CA was ob-
served (p=0.012) (Table 4). For infants with normal GMs 
at 1 month and 3 months CA, the sensitivity of the TIMP 
score at both the time points for the prediction of an ab-
normal AIMS score at 12 months CA was 100%. All the 
infants with a normal TIMP score showed normal AIMS 
scores. 

At 3 months CA, AUC and CI for GMs or TIMP alone 
were lower compared to the values of a combination of 
the two assessments, thus indicating that the overall out-
come would be abnormal if any GMs and the TIMP score 
were abnormal. However, there was no statistical signifi-
cance (Table 5). 

DISCUSSION

In the present study, the TIMP scores at 3 months CA 
and GMs at 1 month and 3 months CA were significantly 
correlated with motor performance at 12 months CA in 
preterm infants. GMs at both 1 month (writhing period) 
and 3 months (fidgety period) CA were significantly cor-
related with the AIMS classification at 12 months CA. 
The GMs assessment is a valid and reliable assessment 
tool that predicts the likelihood of CP [23]. However, in 
agreement with our results, Spittle et al. [16] reported 
that the GMs assessment at 1 month CA exhibited an 
excellent sensitivity for the detection of motor dysfunc-
tion at 12 months CA, although with a high incidence of 
false-positive results, while that at 3 months CA exhibited 
higher specificity but a low sensitivity. Poor repertoire, 
categorized under abnormal writhing, may be followed 
by normal fidgety movements, although this may be re-

Table 5. Comparison of the predictability of TIMP and the GMs assessment (alone and in combination) at 3 months 
CA with regard to motor performance at 12 months CA in preterm infants (n=44)

ROC SE 95% CI p-value
TIMP at 3 months 0.7917 0.0877 0.61981–0.96352 0.086

GMs at 3 months 0.7708 0.0944 0.58576–0.95590

Combined 0.8889 0.0351 0.820002–0.95776

TIMP, Test of Infant Motor Performance; GMs, general movements; CA, corrected age; ROC, receiver operating char-
acteristic; SE, standard error; CI, confidence interval.
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lated to CP, or mental or motor retardation. Furthermore, 
it has been reported to correlate more with milder brain 
abnormalities than with cramp-synchronized movement 
or absent fidgety movements [14,24,25]. Therefore, in-
fants with poor repertoire are expected to exhibit normal 
motor performance at 12 months. This phenomenon can 
explain high sensitivity and low specificity of the GMs as-
sessment at 1 month CA.

In the present study, the TIMP score at 3 months CA, 
and not at 1 month CA, was significantly correlated with 
the AIMS outcome at 12 months CA. Campbell et al. [12] 
reported that the 1-week TIMP score did not predict the 
12-month AIMS percentile rank in multiple regression 
analysis. However, at later ages, TIMP scores were more 
accurate in predicting the 12-month AIMS percentile 
rank. They concluded that the TIMP score at 3 months of 
age has the highest validity for predicting motor perfor-
mance at 12 months; this is consistent with our findings. 
When infants were evaluated at 1 month CA, the assess-
ments were sometimes not easy because they were ill, 
irritable, or asleep thus leading to a lower score that did 
not represent their actual performance compared to nor-
mal AIMS score at 12 months CA. Furthermore, infants 
with increased extensor tone, who could later develop 
CP, showed better performance in the assessment of neck 
extension, which comes across as a normal motor per-
formance. Barbosa et al. [26] reported that there was no 
single best age for the identification of CP on the basis of 
scores for individual items of TIMP. However, they sug-
gested that the maximum differences among groups were 
identified at 90 days of age. In another study, Barbosa et 
al. compared scores for TIMP items among children with 
CP, developmental delay, and typical development [11]. 
Children with CP showed better performance in the as-
sessment of the extension pattern and developmental 
delay or regression in the assessment of antigravity move-
ments and balanced flexion-extension pattern. 

In the present study, the TIMP score at 3 months CA 
was predictive of motor performance at 12 months CA. 
However, a significant correlation was not observed for 
infants with abnormal GMs at 3 months. Spittle et al. [16] 
reported that GMs at 3 months are highly predictive of CP 
and significantly correlated with the AIMS classification 
at 12 months. However, when infants diagnosed with CP 
at a later stage were excluded from the analysis, the sen-
sitivity of the GMs assessment at 3 months for predicting 

the 12-month motor outcome was lowered, exhibiting 
no significant correlation between GMs at 3 months 
CA and the AIMS score at 12 months CA. In the present 
study, for infants with normal GMs at 3 months CA, the 
TIMP score at 3 months CA was predictive of the AIMS 
outcome at 12 months CA. Among infants with normal 
GMs at 1 month CA, those with a normal TIMP score at 
1 month CA showed normal AIMS scores at 12 months 
CA. Furthermore, one infant who showed normal GMs at 
3 months CA and an abnormal AIMS score at 12 months 
CA showed an abnormal TIMP score at 1 month CA. 
However, there was no statistical significance. GMs may 
be useful for predicting CP, but they have limited value 
for predicting other types of early motor dysfunctions. 
TIMP may be more accurate in predicting the AIMS 
score at 12 months in preterm infants with normal GMs 
(low risk of developing CP) than in preterm infants with 
abnormal GMs (high risk of developing CP). We suggest 
that infants with normal GMs and normal TIMP scores 
can be followed-up after a long-term, while infants with 
abnormal GMs or abnormal TIMP scores require a close 
follow-up. Rosenbaum [4] reported that it is essential to 
include both qualitative and quantitative assessments in 
discrimination about early development. 

This study has a number of limitations. First, the sam-
ple size was small. The power calculation for our sample 
size was conducted on the basis of findings from a previ-
ous study with a 0.05 significance level, and it was found 
that 44 subjects could provide a power of 87% for the 
detection of a correlation. Second, only one observer as-
sessed all the patients; however, the observer was trained 
on performing Prechtls’ method for the qualitative as-
sessment of GMs and had exhibited excellent reliability. 
Third, we conducted rehabilitative interventions such as 
physical therapy for infants showing abnormal GMs or 
TIMP scores, which could have affected the outcomes. 
Fourth, the motor outcome was measured at 12 months 
CA, and a longer follow-up study would have been ben-
eficial. Finally, this study was a retrospective study; there-
fore, the results have limited validity. Further prospective 
or cohort studies are warranted.

In conclusion, we found that the TIMP score at 3 
months CA and GMs at 1 and 3 months CA were corre-
lated with motor performance assessed using AIMS at 12 
months CA in preterm infants. In addition, we found that 
a normal TIMP score in preterm infants with a low risk of 
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developing CP may be an accurate predictor of a normal 
AIMS outcome at 12 months. Our findings suggest that 
neuromotor assessments using both GMs and TIMP will 
be clinically helpful for predicting the motor outcome 
at 12 months in preterm infants and will be of aid in the 
identification of preterm infants who are likely to benefit 
from intervention. 
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