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Introduction
 Methamphetamine use (MA) in pregnancy has been shown to 
affect the growth and development of the infant’s and results in long 
term developmental issues [1-4]. Data is scarce in regards to the 
impact of prenatal exposure of MA use has on the development of the 
infant. This is largely due to the difficulty in separating the effect of 
the drug/s from other adverse social circumstances including poverty 
[5], mental health issues [6,7], family and domestic violence [8,9] 
and poor nutrition [10,11]. It is generally agreed that these infants 
may certainly be at risk of developmental impairment and that they 
warrant formal follow-up [12-15]. This research aims to gather data 
on the health of these infants at birth, and evaluate whether a detailed 
assessment of GMs in high- risk infants is predictive of neurological 
impairments in infants exposed to MA in pregnancy. 

 Prechtl’s qualitative assessment of General Movements (GMs) 
has been widely used as a tool for early identification of infants 
with neurodevelopmental disabilities [16,17]. To the best of our 
knowledge, this method has not been reported in MA exposed infants 
before but has been shown to be useful in describing the abnormalities 
seen after exposure to Selective Serotonin Reuptake Inhibitor (SSRI) 
medications in utero [18]. Other Neonatal Examination Scoring 
systems (NNNS) have been documented in the Infant Development 
and Lifestyle Study (IDEAL) [4], but this tool is not generally used in 
Australasia and was therefore not chosen for our research [16,17].

 The assessment of General Movements is a method that takes the 
complexity of the infant’s nervous system fully into consideration 
at the time of assessment [19,20]. General Movement Assessment  
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Abstract

 General Movements (GMs) assessment is an original approach 
to predict early brain dysfunction following prenatal exposure to 
Methamphetamine (MA) in a group of high -risk infants attending the 
Women and Newborn Drug and Alcohol Service. Prechtl’s General 
Movement assessment has demonstrated an excellent marker to 
predict Cerebral Palsy (CP).

Aim: To evaluate whether a detailed assessment of General 
Movements in high-risk infants is predictive of neurological 
impairments in infants exposed to methamphetamine in pregnancy.

Method: A mixed-methods prospective study of 112 high-risk infants, 
using video recordings at birth and at 4 months post-birth. A detailed 
history of neonates following birth including birth details, mode of 
delivery, maternal drug use and socio-economic status, infants 

condition at birth, growth parameters, Apgar scores, infection and 
any admissions to Special Care Nursery were recorded. The videos 
were assessed by two separate professionals trained in Prechtl’s 
method of assessing General Movements. A Griffith developmental 
assessment was undertaken at 12 months and the results compared 
to the optimality scores using a Pearson correlation.

Results: Of the 100 infants assessed in the newborn period, of 
these, n =24 (21.4%) had normal assessment (low risk of Cerebral 
palsy), n = 50 (44.6%) had poor repertoire and 2 (1.8%) had 
Cramped-Synchronized, Hypokinetic n=23 (20.5%). At 4 months 75 
infants were assessed as normal fidgety movements and 2 infants 
had absent fidgety movements. One infant developed Cerebral 
Palsy and six infants were referred for Developmental assessment 
at 12 months. There was no significant correlation between motor 
optimality scores and Griffith’s scores at 12 months.

Conclusion: This is the first study to our knowledge to report on 
general movements in this population. We found a high rate of 
poor repertoire in the first week of life however no increased rate 
of Cerebral Palsy. Motor optimality scores did not correlate with 
developmental outcomes at 12 months.

Keywords: Alcohol service; Cerebral palsy; General movements 
assessment; Methamphetamine exposure; Optimality scores; 
Women and newborn drug
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(GMA) is based on visual Gestalt perception [21]. General movements 
are considered to be normal if the sequence, amplitude, speed, and 
intensity are variable [16,22]. Abnormal general movements are 
characterized by a lack of variability, especially in the movement 
sequence and Hypokinetic’ indicates that general movements cannot 
be observed during the whole recording, but isolated (usually upper) 
limb movements are present. In this case, a detailed assessment 
cannot be carried out [21,23].

 The young human nervous system generates endogenously 
[24,25]. In the infant, a large variety of specific movement patterns, 
such as startles, GMs, isolated limb movements, stretches, yawning, 
and breathing movements emerge at 9 to 12 weeks’ postmenstrual age 
[17,26]. These endogenously generated movement patterns continue 
after birth and continue for the first six months post-birth (Appendix 
1).

 GM’s assessments in this high-risk infant study will add to the 
current body of evidence regarding the impact of prenatal MA 
use and polysubstance use has on the infant’s development [4,27]. 
Prechtl’s General Movements assessments is a method of evaluating 
the movements of infants has been shown to be highly sensitive 
and specific in predicting future neurodevelopmental disability, 
particularly cerebral palsy [16,23]. Einspieler et al presented a motor 
optimality score based both on standard GMA and on the assessment 
of other postures and movements than FM [28]. They suggests that 
a low motor optimality score is associated with limited functional 
mobility and activity. The aim of this study is to compare Prechtl’s 
GM’s assessment as a non-invasive qualitative way of evaluating the 
infant’s nervous system [21,29] with infant developmental outcomes 
for up to 12 months.

Methods
Participants

 This mixed-methods prospective study was performed as a single-
blind study in term and preterm high-risk infants at the Women and 
Newborn Drug and Alcohol Service (WANDAS) in Perth Western 
Australia. Using a qualitative assessment of spontaneous General 
Movements video (GMs) in the infant’s at risk is a valid and reliable 
tool for evaluation.

 Recruitment took place between July 2015 and December 2017. 
Women who had been accepted for antenatal care with the service 
and identified MA use as being their primary drug of choice were 
approached to participate. A standardised drug and alcohol assessment 
tool [30] was administered to document current and previous use 
of alcohol and other drugs during each trimester of pregnancy. 
Polysubstance use was assessed and included. Written informed 
consent was provided by mothers or Child Protection and Family 
Support (CPFS) if the infant was in care. Term and preterm high- risk 
infants exposed to Ma during pregnancy were included. Two video 
recordings were undertaken one within the first week and the second 
at 4 months corrected age if preterm infant. A Griffith Developmental 
assessment was undertaken at 12 months using the Griffith Mental 
Developmental Assessment. The exclusion criteria for the study 
were; infants with congenital malformations, genetic and metabolic 
diseases and ongoing ventilation therapy.

Ethics

 Ethics approval was granted by Western Australia’s Women 
and Newborn Health Service Human Research Ethics Committee, 
University of Western Australia, the Western Australian Aboriginal 
Health Ethics Committee and by Western Australia’s Department for 
Child Protection and Family Support.

General movement assessment

 GM’s assessment was performed in the first -week post-birth 
(generally around day 3-5) and again at 4 months corrected age. 
Video recordings were performed according to Prechtl’s GMA 
methodology [24]. A video camera was stabilized on a tripod and 
the infants were videoed during an active wakeful state while lying 
supine on a cot and a mattress at 4 months. The infants wore a nappy 
and were placed under a warmer to ensure comfort and temperature 
control. The video recording was performed by the hospital’s medical 
illustrations department for consistency and reliability. The video 
clips used for this analysis lasted 20 minutes and contained at least 
three GMs. Two assessors evaluated the video’s both having trained 
in GMA assessment. One assessor was blinded to the medical history 
and also performed a motor optimality score (maximum score 430 
[23]. In the case of a disagreement of the general movement type, a 
consensus was reached between the assessors or a third party would 
be used. The findings were classified as Normal (N), Poor Repertoire 
(PR), or Cramped- Synchronised (CS) in the writhing period, and as 
Normal fidgety (N), Abnormal Fidgety (AF), or absence of Fidgety 
(F-) movements in the fidgety period. Developmental quotients using 
the Griffith Developmental Mental assessment at 12 months were 
compared to motor optimality scores using regression analysis. The 
infants enrolled in the study were all examined and had a Griffith 
Developmental assessment, examination and any concerns arising 
would lead to a referral for ongoing follow up at child developmental 
services.

Data Analysis 
 Descriptive statistics were calculated to describe the study sample 
as a whole. A phenomenological-hermeneutic analysis was carried 
out on the data material from the GMs video observations [31]. The 
interpretation process followed the hermeneutic circle from whole 
to part and part to whole. Study data were collected and managed 
using REDCap electronic data capture tools hosted at the University 
of Western Australia [32]. Maternal MA use was classified into mild, 
(0-2 points per day) moderate (5 points a day) or heavy (10 or above 
points per day, 10 points = to 1 gram of methamphetamine) use 
during pregnancy. Statistical analyses were performed using SPSS 
statistical software (version 22.0, IBM SPSS Statistics for Windows, 
Armonk, NY: IBM Corp). Kruskal Wallis Test was used to correlate 
the assessment of GMs and the Mann-Whitney U test and Chi-
square test was used to compare differences between the observers 
and between variables of GMS at birth and 4 months. Pearson’s 
correlation was undertaken between optimality scores and Griffiths 
Mental Developmental scores at 12 months. Throughout the analyses, 
p <0.05 (two-tailed) was considered to be statistically significant.

Results
Maternal factors

 The majority of the women used methamphetamine via the 
intravenous route either daily or binge use which was consistent  
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use over a period of a few days (79.5%), n= 89 17.9% (n=20) of the 
mothers reported polysubstance, in that they reported regularly using 
more than two different drugs, (excluding prescribed medications). 
The majority of the women (87.5%, n=98) were cigarette smokers. 
27% (n=30) of the women reported drinking alcohol The mean age of 
the women was 28.9 years and the age ranged from 17 to 41 years old.

 52.7% (n= 59) of the women identified as Aboriginal, 44.6% 
(n=50) of the women identified as being Caucasian and 2.7% (n = 
3) were of an ethnic background other than Caucasian or Aboriginal. 
Specifically, these women were Maori, Fijian, and Polynesian. The 
majority of the women 93.7 %, (n=105) had not completed high 
school. Only 7.3% (n=8) of our population were employed. The 
women reported a high incidence of family and domestic violence 
86.6%, (n=97), 20 women were in prison and the remainder resided 
in the most disadvantaged areas of Perth.

Neonatal outcomes

 A quarter of our infants (24.8%) were premature born at <37 weeks 
gestation at birth. The mean gestational age was 34 weeks. As noted 
above 62 were male and 52 infants were female. The median birth 
weight centile for the infants was 29th. Overall 23.8% of the infants 
had a birth weight below the 10th centile for gestation. The median 
head circumference centile was on 34th. The most common reason for 
admission to our Special Care Nursery Unit (SCN) was for respiratory 
distress (41%). We analysed the video recordings of 99 infants and 
compared the influence of neonatal variables on general movements 
and found no significant difference found between variables (Tables 1 
& 2). One infant was diagnosed with CP and a hearing deficit.

General movement outcomes

 Fifty of the video recordings were assessed as poor repertoire 
(44.6%), this group with PR had a mean birth weight of 3009 grams, 
the mean head circumference was 33.6 cms and the mean Apgar score 
was 7 at 1 minute and 9 at 5 minutes. These infants were sleepy post-
birth and were slow to feed [33]. Normal GM was recorded for only 
(21.4. %) n= 24.

 The two infants found to have Cramped Synchronised (CS) 
movements (1.8%) had the following history. The women had a history 
of limited antenatal care, they injected MA and used up to 1 gram per 
week with some binge pattern. Both had a history of polysubstance 
use. Both of the women smoked on average 25 cigarettes per day. The 
infants had a mean birth weight of 2330 grams, head circumference 
of 33.3 cms (p 0.323) and Apgar scores of 8 and 9 and 6 and 9. Both 
infants required admission to the Special Care Nursery (SCN) and 
required Continuous Positive Airway Pressure (CPAP). The infants 
spent on average two months in SCN and were discharged to maternal 
care under Child Protection & Family Support (CPFS) but later were 
placed into out of home care. At 4 months they had normal fidgety 
observations and normal Griffiths Mental Developmental assessment 
at 12months with General Quotient’s (GQ) of 95 and 97. Their Mean 
Optimality Scores (OS) were low 13 and 20.

 At 4 months the 2/77 infants with absent fidgety movements had 
the following history, infant one was born at 38 weeks and he weighed 
3735 grams, HC 36 cms, Apgars 9, and 9. The infant had hypokinetic 
movements at first recording and absent fidgety at 4 months. His OS 
was 18 and at 12 months developmental assessment his GQ was 58 
but no signs of cerebral palsy on examination. He was referred for 
ongoing developmental follow up. The infant was placed into CPFS 
care. Maternal history was one of chaotic lifestyle, early pregnancy 
prison term followed by binge IVDU of MA.

 The second infant with absent fidgety movements was a male infant 
born preterm at 34 weeks; he weighed 2490 grams, HC of 31cms and 
Apgars of 8 and 8. He required admission to SCN for CPAP. General 
movement assessment at first recording was PR assessment and 
absent GMA at four months with an OS of 10. At 12 months he had 
a normal examination with a GQ was 87. He was initially allowed 
home with his mother under CPFS care but was later removed and 
placed into out of home care due to IVDU and family and domestic 
violence. Our male infant who was diagnosed with a left hemiplegic 
cerebral palsy with right-sided schizencephaly and pachygyria on 
MRI brain was born at 38 weeks following a normal delivery. The 
infant weighed 2670 grams, Apgars 8 and 8, HC 35 cms. He was 
admitted to SCN and did not have a writhing age video. At 4 months 
he had reduced fidgety movements but not absent movements and an 
OS score of 26. At 16 months he returned for his Griffith’s Mental 
Developmental assessment and had a GQ of 89. He was referred for 
ongoing developmental assessment. He was discharged home with 
CPFS support to the care of the mother. Maternal history was one of 
IVDU of MA daily with polysubstance use of alcohol, and cannabis. 
The mother was prescribed anti epileptics and was treated with SSRI 
medication for depression.

 We found no statistical difference between groups but we did 
identify that the infants had a high incidence of PR movements 
(44.6%) at the time of their first recording. The mean Motor 
Optimality score was 26 was found during the writhing movements.  

General movements assessment  at birth

Frequency Percent Valid 
Percent

Cumulative 
Percent 

Valid

Normal 24 21.4 21.4 55.4

Poor Repertoire 50 44.6 44.6 100

Cramped-Synchronised 2 1.8 1.8 13.4

Hypokinetic 23 20.5 20.5 33.9

Absent (Did not attend) 13 11.6 11.6 11.6

Total 112 100 100  

Neonatal variables
Normal writhing 

(n=24)
Poor repertoire 

(n=52) p value
Mean SD* Mean SD*

Birth Weight (g) 2994 449 3009 599 0.880

Birth Length (cm) 48.4 2.6 47.9 4.1 0.826

Head circumference (cm) 33.3 1.4 33.6 2.1 0.323

Gestational age (weeks) 38.3 1.9 37.7 1.8 0.045

Apgar at 1 min 8 1.7 7 2.3 0.228

Apgar at 10 min 9 0.8 9 0.9 0.245

GM Optimality Score 32 4 23 7 0.000

Male 13 - 30 -
0.251

Female 11 - 22 -

Table 1: General Movement Assessment at Birth and at 4 Months.

Table 2: Influences of neonatal variables on writhing GMs. At Birth.

*SD: Standard deviation
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We found that male infants were more likely to have PR and have a 
lower gestational age of 34.3 weeks (p 0.019 table 3).

Griffith developmental assessment

 Developmental assessment by the Griffiths Mental Development 
Scales was performed on 58% (n=64) of the infants who returned 
at 12 months [34]. The infants ranged from 10 to 21 months old at 
assessment. The average age of assessment was 13 months (14th 
month of life). The clinician performing the GMDS was blinded to the 
maternal drug history and GM outcomes. One infant had received a 
diagnosis of left hemiplegic cerebral palsy prior to assessment for this 
study as discussed above. The mean Griffiths General Quotient was 
92.7. The strongest sub-scale for this population was Performance, 
with a mean quotient of 99.7. The weakest performance was in the 
Language sub-scale, with a mean quotient of 89.9. When comparing 
the GQ scores with the Optimality scores we found no significant 
difference between groups and the p-value of 0.720 (Table 4 and 
figures 1 & 2).

Discussion
 To our knowledge, we are the first Australian Drug and Alcohol 
Service to assess infant General Movement Assessment (GMA) to  

evaluate whether a detailed assessment of GMs in high- risk infants 
is predictive of neurological impairments in infants exposed to MA 
in pregnancy. There was no clear pattern of specific impairment in 
one area, although we identified quantitative movement differences 
between the writhing and poor repertoire. We found 50 infants from 
video observations were assessed as poor repertoire (44.6%), which 
we speculated was a response to maternal methamphetamine use prior 
to delivery. Some infants with poor repertoire GMs had additional 
cramped components. This compares well to a study of infants whose 
mothers had major depressive disorder, who had received SSRI 
treatment during pregnancy, they found a lower quality of movement 
and more signs of central nervous system stress [18]. At the age of 
three to four months, more SSRI-exposed infants had monotonous 
movements (48% versus 20%) after adjusting for confounders.

 Einspieler [19] found that Poor repertoire GMs are common 
among very young infants, and they can be followed by either normal,  

Neonatal variables
Normal (n=75) Absent fidgety (n=2)

p valueb

Mean SDa Mean SDa

Birth Weight (g) 3084 489 2410 113 0.044

Birth Length (cm) 48.8 2.9 48.0 0.0 0.458

Head circumference (cm) 34.0 1.5 31.3 0.4 0.031

Gestational age (weeks) 38.1 1.5 34.3 0.4 0.019

Apgar at 1 min 8 1.9 8 0.0 0.343

Apgar at 10 min 9 0.9 9 0.7 0.197

Motor Optimality Total Score 26 3 12 2 0.010

Male - 2 -
0.500

Female - 0 -

Table 3: Influence of neonatal variables on fidgety movement GMs. At 4 Months.

*SD: Standard deviation 
b. Asymp. Sig. (2-tailed).

Subscale

All 
meth-ex-

posed 
infants 
Median 
quotient 

n=64

Preterm-
born 

meth-ex-
posed 

infants 
Median 
quotient 

n=16

Term-born 
meth-ex-

posed 
infants 
Median 
quotient 

n=48

Healthy 
term-
born 

controls 
median 
quotient 
n=443

Median differ-
ence between 
meth-exposed 
term infants 
and healthy 

controls (95% 
CI, all p-values 

<0.001)

General Quotient 94.0 87.0 93.5 113.0 (-22.5, -16.8)

Locomotor 91.0 78.5 95.0 118.5 (-20.5, 28.8)

Personal-social 90.0 86.5 90.5 111.5 (-24.6, -16.7)

Hearing and 
language

90.5 87.5 91.0 110.0 (-22.2, -15.7)

Eye-hand co-ordi-
nation

91.5 92.0 95.0 111.5 (-20.3, -12.9)

Performance 94.0 103.0 100.0 114.1 (-18.5, -11.2)

Table 3: Griffiths Mental Developmental Assessment subscale scores and general 
quotients scores for categories at 12 months compared to comparison control group 
[34].

Figure 1: Griffiths vs GM Optimality Scores at 12 months.

Figure 2: Griffith’s vs Motor Optimality Scores.
For both regression analyses above, the relationship between optimality scores and 
Griffiths were non-significant.
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abnormal of fidgety movements suggesting their predictive value 
is low [35]. In contrast to this, studies have found poor repertoire 
GMs clearly demonstrate that the infant’s nervous system is not in 
an optimal condition at the time of the recording [17,21,36]. Our 
results are in accordance with those of several previous studies 
[19,37,38], showing that normal fetal movements in high-risk infants 
are associated with a low risk of developing CP. In line with our 
study, 3 studies [17,35,39,40] also examined the relationship between 
abnormal FMs and neurological dysfunction less severe than CP. The 
motor optimality score did not correlate with neurological dysfunction 
in the general quotient at Griffiths testing at around 12 months. Cioni 
et al. [41], found that the results of GMs assessment were highly 
correlated with neurologic outcomes and there is good evidence 
that GMs assessment can accurately predict the development of CP 
[17,40,42].

 Of the 99 infants in our study that were assessed, during the first-
week post-birth and at 4 months, 2 of the infants met the criteria 
for motor dysfunction and were referred for further developmental 
support. At 4 months 77 infants returned for their video recordings, 
n= 2 infants had absent fidgety movements, two infants were not 
assessed due to poorly expressed video recordings. Seventy-Five 
infants had normal fidgety movements. An abnormal score of ‘absent 
fidgety’ GMs whether preceded by ‘poor repertoire’ or ‘cramped 
synchronised’ movements meets the essential criteria of motor 
dysfunction [37,43] and requires further assessment and follow up.

 While our study did not identify a conclusive relationship 
to poorer neurological outcome in infants prenatally exposed to 
methamphetamine perhaps due to small sample size, however, it 
identifies a high-risk population with risk factors at birth and at 4 
months. Often there is a clinical requirement for early recognition of 
infants who require intervention and treatment, particularly following 
prenatal exposure to methamphetamine and polysubstance use 
making follow up essential to identify risk factors for neurological 
outcomes. We also found that it is very important but challenging to 
engage women in follow up in order to provide them or caregivers 
with a realistic prognosis regarding the infant’s development. Women 
attending WANDAS do not voluntarily seek medical care due to 
concern of child protection, infant removal and shame about their 
drug use [33,44-46].

 Importantly, our study demonstrated that early GMA provides 
information additional to perinatal risk factors in relation to MA use 
thus potentially helping WANDAS to further target intensive family 
intervention and referrals for infants who have abnormal GMs. Future 
work of interest could also include neuroimaging with MRI brain in 
infants of mothers with high MA use.

Limitations

 There are a few limitations to our study we would like to point 
out that our follow up only included the first 12 months post-birth. 
Engagement and follow up was challenging and we had a poor follow 
up rate which may influence our results.

 We had no control group as we acknowledge the difficulty in 
sourcing a matched control group in this population. Our final 
limitation was we used the maternal self-report to assess drug use. 
Infants born to mothers who have used MA in pregnancy may also 
have multiple confounding issues including poverty, nutrition, mental  

health and family and domestic violence, higher rates of incarceration 
which potentially places the infant at risk of poorer developmental 
outcomes.

Conclusion
 The clinical significance of this detailed GMA using Prechtl’s 
General Movements assessments lies in a better description of the 
global categories, which certainly has implications when used with 
infants with prenatal exposure to MA. Although our population did 
not have a higher than background rate of cerebral palsy, there was a 
high amount of infants with mildly abnormal general movements seen 
in the neonatal period (poor repertoire and hypokinesia) which could 
be related to maternal MA use.
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