
Fig 1 Frames 123, 129, 135 of a fetus rotating during a GM 

 

SUBSET N GW RANGE GW MEDIAN  
Normal <30GW  8 18.00 – 29.29 24.00 
Normal >30GW  5 31.29 – 36.57 33.00 

VD <30GW  8 23.00 28.86 25.07 
VD >30GW  4 30.29 – 33.00 31.50 

IUGR <30GW  7 22.00 – 28.57 28.00 
 

 Table 1 Distribution of subjects according to health and age. 
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INTRODUCTION The assessment of motor function in neonates may provide important developmental information. A movement pattern, known as General 
Movements (GM), is clinically useful in diagnosing abnormal neurological conditions in preterm and term-born infants [1]. To accurately assess GM it is 
necessary to view the whole infant [2]. Fetal movements have also been studied in utero using 3D and 4D ultrasound (US) and GM have been identified [3]. 
However, the limited field-of-view afforded by the US transducer prevents full visualisation of the fetus from 20 weeks gestation (GW). MRI can visualise the 
whole fetus even in late stages of pregnancy and has the ability to achieve sufficient temporal resolution to generate cine data depicting human fetal 
movements in detail. The aims of this study were to optimise a cine sequence for imaging the whole fetus throughout gestation and to apply this in a pilot 
study of fetal movement.  
METHODS 22 fetuses were imaged for sequence optimisation which was then used prospectively in a further 51 fetuses. MR exams were performed on a 1.5-
Tesla Achieva scanner (Philips Healthcare, the Netherlands) using a 5-channel phased array cardiac coil.  After initial trials a multi-slice balanced fast field 
echo (B-FFE) sequence was selected for optimisation. The repetition and echo times (TR and TE) were adjusted to optimise temporal and spatial resolution. 
The effect of changing the field-of-view (FOV) and voxel size was explored as this has an impact on the achievable spatial and temporal resolutions, as well as 
practical considerations for accommodating mothers of variable size. The slice thickness and orientation which would best present fetal movements 
unambiguously were experimented with. We also explored the ability of multislice imaging to increase coverage of the fetus. Potential artifacts included 
aliasing and banding [4]. The length of each cine clip was varied from 30 to 120sec, with a total duration of 10 mins (a practical time limit imposed by other 
constraints in the full examination). Evaluation and analysis of the cine data was performed using ImageJ (v1.38, National Institute of Health, USA). Data 
were first analysed for movement frequency. We then used a two-fold approach to GM assessment: 1) to employ Gestalt analysis of GM quality, with 
categorisation into normal or abnormal; abnormal GM were further assessed as being poor repertoire, cramped-synchronised or chaotic [5]; 2) using Prechtl’s 
Optimality List Scoring (OLS) for GM we performed a semi-quantitative analysis by numerically rating GM on the quality, sequence, amplitude, speed, space, 
rotational components, onset/offset and tremulous movements (max score=18, min score=8) [5]. 

RESULTS Optimisation of Cine Sequence Sagittal and coronal sections through the fetus 
showed the full range of movements, whereas the transverse plane was not useful. After 
testing slices from 10-150mm, 20-40mm slice thickness was found to be optimal for 
capturing the most movement detail. Half Fourier acquisition in the phase encode direction 
with maximum receiver bandwidth to minimise readout time resulted in shorter scan times, 
and the penalty in SNR and reconstruction artifacts was not noticeable. Combined with a 
FOV of 50cm, we achieved TR/TE values of 3.65ms/1.82ms. With these parameters and 
using volume shim centred on the uterus, banding artifacts were not found to impinge on the 
fetal anatomy. For single-slice cines the final temporal resolution for acquired voxel size of 
1.67x1.67mm was 0.37s/frame. Multi-slice imaging worked at the same acquisition rate, but 

with multiple images per frame. With more than 3 slices the temporal resolution was found to be inadequate to capture the fluidity of movements. Single-slice 
acquisitions were effective at providing an overall impression of the movements, as well as allowing easy recognition of GM; 3-slice acquisitions provided 
coverage of the whole fetus and captured subtle movements in the extremities that could be missed with 1 slice. A persistent problem was aliasing of maternal 
anatomy in the phase encode direction. As with cardiac imaging, preferred planes for the anatomy of interest required multi-angle oblique slices, but unlike 
cardiac work, the required planes have unpredictable orientation relative to the maternal anatomy. Our solution was to acquire 3 orthogonal pilots in cardinal 
planes relative to the mother, then fetal images were piloted using the last available scan for the fetal anatomy but checked against the maternal pilots to ensure 
no fold-over or flow problems. Cine clips of 120sec were found to be the most useful for capturing movements, suggesting that longer clips are more valuable 
rather than this being an optimum. 
Analysis of Fetal Movements 20 datasets were discarded as they were they were of 
insufficient duration. 31 datasets were used for movement analysis, distributed as 
shown in Table 1. The following movement patterns were identified: GM, isolated 
extensions, flexions and rotations in all limbs, head and trunk, mouthing, 
swallowing, breathing, eye movements and startles. Data were first analysed for the 
proportion of total imaging time during which the fetus moved (fig. 2). We found a 
statistically significant reduction in movement in both the normal>30GW (p<0.05) 
and intra-uterine growth restricted (IUGR)<30GW (p<0.05) subsets when compared 
to the normal<30GW subset. No significant difference in movement duration was 
found between the normal<30GW and the ventricular dilatation (VD) <30GW subsets 
(p=0.27), these were also the only groups in which we identified GM. Using the GM 
quality assessment criteria and OLS we found: in the normal sample (N=5), 4 fetuses 
with normal and 1 poor repertoire; OLS range=14-18 (median=18). In the VD sample 
(N=5), 4 fetuses had poor repertoire and 1 chaotic; OLS range=11-15 (median=12). 
Using OLS we found there to be a statistically significant difference in the distribution 
of scores between these two groups (p<0.05). 
CONCLUSIONS We have sought to systematically address the use of MRI for 
capturing fetal movements. We have optimised a sequence and documented patterns of 
fetal movement within clear constraints imposed by sampling limitations with regards 
to both total imaging time and temporal resolution. Our sequence provides detailed 
coverage of the whole fetus as at all gestations. Initial data have captured the full 
repertoire of movement patterns, including unambiguous examples of GM over a 
range of gestations in normal and abnormal fetuses.  A decrease in movement frequency with age was noted, and a difference in the quality of GM between a 
normal population and one with neurological abnormalities. With increasing numbers we hope to further understand the nature of fetal movements and how 
they may be increasingly affected both quantitatively and qualitatively by the restrictive uterus as the fetus grows. 
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Fig 2 Box & Whisker Plot of Percentage of  Total Time  
Engaged in any Movement Pattern (%) 
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