
Table 2 
Overview of 1.5T and 3T MRI longitudinal studies 

FIELD ID DATE REFERENCE SS GA 
MRI-TEA 

SEQUENCES 
MRI SCORING 

MODEL 
FOCUS 

CA 
(MONTHS) 

LONGITUDINAL 
ASSESSMENT 

FINDINGS 

1.5T 
MRI 

1 2004 
(Mirmiran et 
al., 2004) 

61 
EP 
VP 

T1-W SE, T2-
W FSE, 

FLAIR, GRE 

Scores 
abnormal 

intensities (e.g. 
CSF, 

unmyelinated), 
structural 

alterations (e.g. 
WM and GM), 
and ventricular 

size and 
configuration 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

31 BSID-II Predictor of CP  (86% ss; 89% sp) 

 2 2005 
(Woodward et 
al., 2005) 

100 
EP 
VP 

3D SPGR, T2-
W DE 

Inder et al. 
(2003) 

Memory- and 
cognitive, 

language, motor, 
social-emotional 

and adaptive 
functions 

24 MSML and BSID-II 
No significant associations were 

found with CSF volumes, WM, CGM 
and dGM. 

 3 2012 
(Skiöld et al., 
2012) 

91 EP 

T1-W SE, T2-
W TSE, T2* 
TSE, T2*-W 
FFE, FLAIR, 
3D T1-W GE 

Inder et al. 
(2003) 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

30 BSID-III 

Moderate-severe WMI and CP (50% 
ss; 97,5% sp). Cystic changes, 
delayed myelination and severe 

white matter reduction were found 
to be associated with CP. Isolated 
dilatation of lateral ventricles and 
subarachnodial space were not 

associated with CP. 

 4 2013 
(Skiöld et al., 
2013) 

53 EP 
T1-W and T2-

W 
Inder et al. 

(2003) 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

30 BSID-III 
Moderate-severe WMI highly predict 

CP (100% ss; 98% sp). No 
associations with GM abnormalities. 

 5 2019 
(Skiöld et al., 
2019) 

66 EP 
T1-W and T2-

W 
Inder et al. 

(2003) 

Cognitive , fine 
motor, and gross 

motor ability 
30 BSITD-III 

Moderate-severe WMI associated 
with CP (75% ss; 97% sp) and with 
severe cognitive delay (100% ss; 

95% sp). Other not significant 
associated. Individual scoring items 

showed WM reduction, delayed 
myelination and cysts which are 

associated with unspecific 
neurological signs, CP and severe 
cognitive delay. Abnormal signal in 
cGM or dGM was associated with 

severe cognitive delay. 



 6 2019 
(Burkitt et al., 
2019) 

57 EP 
T1-W, T2W-I, 
FLAIR, SWI, 

DWI, 3D T1-W 

Leijser et al. 
(2018) 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

36 BSID-III 

All grades of WMI on MRI poorly 
predict abnormal 

neurodevelopmental outcome 
(Grade 1: 7.1% ss, 81.8% sp; Grade 

2: 7.1% ss, 90.9% sp; Grade 3: 
14.3% ss, 97.7% sp). Absence of an 
injury on MRI did not predict normal 

outcome. 

 7 2020 
(van Gils et al., 
2020) 

112 
EP 
VP 

T1-W and T2-
W 

Kidokoro et al. 
(2013) 

Visio-spatial 
attention and 
processing 

24 
Eye tracking 
assessment 

There are no significant correlations 
between different reaction times and 

global, cerebral WM, CGM, DGM 
injuries. 

 8 2020 
(Haebich et al., 
2020) 

159 
EP 
VP 

T1-W and T2-
W 

Kidokoro et al. 
(2013) 

Goal setting 312 
DKEFS, RCFT 
and BADS-C 

WM, DGW and cerebellum 
abnormality scores were associated 

with poorer goal setting abilities. 
Association between CGM 

abnormality and poorer goal setting 
scores was weaker. There was also 
evidence that greater cerebellum, 
thalamus and cGM volumes were 
associated with better goal setting 

performances. 

 9 2021 
(Brembilla et 
al., 2021) 

72 
EP 
VP 

T1-W and T2-
W, DWI 

TMS scale and 
2D area 

determination 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

24 and 36 
GMDS and BSID-

III 

Positive correlation between the 
parenchyma area and the cognitive 

score (r= 0.33, p=0.019). Weak 
significant correlation between 

median cognitive score and GA (r= 
0.32,p=0.024). Multivariate  analysis  

confirmed  the  associations  
between decreased parenchyma 
areas and worse cognitive scores 

(p=0.0014). 

 10 2022 
(Sheng et al., 
2022) 

178 
EP 
VP 

3D T1-W-I, 
DTI, MRS 

Guo et al. 
(2017), Papile et 

al. (1978) 

Cognitive 
outcome and 
motor skills 

54 
WPPSI-III, MABC-

II 

Larger ventricular volume are 
associated with lower motor scores. 

Ventricular volume and FA in 
several white matter tracts (genu, 

splenium, optic radiations, and 
PLIC) and in the lentiform nucleus 
and thalamus. Ventricular volume 

was associated with mean diffusivity 
in the splenium, PLIC, and  optic  

radiations.  Significant  associations  
between ventricular volume and 

radial diffusivity in the genu, 
splenium, optic radiations, and 

thalamus were observed as well. No 
significant association between 

ventricular volume and NAA/choline 
was observed 



3T MRI 1 2017 
(Brouwer et al., 
2017) 

239 EP 
3D T1-W, T2-

W 
Kidokoro et al. 

(2013) 

Cognitive , fine 
motor, and gross 

motor ability 
24 or 30 BSITD-III 

The global brain abnormality score 
was inversely poor related to 

cognitive and motor outcome. A  
negative association was observed 
between cognition and cerebellar 

abnormalities. Fine motor outcome 
was related to WM injury, whereas 

gross motor outcome was 
associated with both WM and deep 
GM injury. WM abnormalities have 
previously been related to motor 
impairments. Regarding the brain 

metrics in corporate in the TEA-MRI 
score, associations with cognitive 

and motor performance were 
exclusively observed for ventricular 

and cerebellar measurements. 

 2 2018 
(Vesoulis et 
al., 2018) 

154 EP 
T1-W and T2-

W, SWI 
Papile et al. 

(1978) 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

24 BSID-III 

When the imaging score (CH score+ 
IVH score + WMI score) was added 

to the “slim” clinical model, the 
composite model was strongly 

predictive of severe 
neurodevelopmental outcome (76% 

ss; 90% sp). 

 3 2019 
(Strahle et al., 
2019) 

158 
EP 
VP 

T2-W 
Papile et al. 

(1978) 
Memory function 
of hippocampus 

24 BSITD-III 
Larger neonatal hippocampal 

volumes were associated with better 
motor outcomes  

 4 2020 
(Hammerl et 
al., 2020) 

237 
EP 
VP 

T1-W, 3D 
MPRAGE T1-

W, SWI 
BPW, ECS, IHD 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

24 
BSID-II en BSITD-
III (MDI and PDI) 

A normal BPW predicts normal 
psychomotor outcome in 94.4% of 
infants. Having all brain  metrics  

within  the  normal  range  predicts  
normal  psychomotor  outcome  in  

96.6% of  infants and normal 
cognitive outcome in 86.2%.  

Having an enlargement of IHD and 
simultaneously a BPW z-score less  
than  –0.5  predicts  developmental  

delay  in  58.3% of children and 
predicts cognitive delay (50%) 
better than psychomotor delay 

(33.3%) 

 5 2020 
(Storbeck et 
al., 2020) 

73 
EP 
VP 

T2-W SE, 3D 
T1-W FLASH, 

SWI, DWI 

Volumetric 
analysis of DGM 
(basal ganglia 
and thalamus), 

and ventricles to 
estimate white 

matter los 

Influence of 
asymmetry of 

brain structures 
on handedness 

and MDI/PDI 

24 BSID-II 

Correlation of total DGM volume 
with MDI and PDI. Impaired 

development of DGMs observed 
following prematurity. Preterm 

infants with altered development of 
DGM showed neurodevelopmental 

disability and visual impairment 



 6 2020 
(Kostović 
Srzentić et al., 
2020) 

21 EP 

T1-W SE, T2-
W FSE, T2-W 

PD and 3D 
GRE and T1 

MPRAGE 

Lateral 
ventricles 
dilatation, 
changes in 

signal intensity 
and reduction of 

WM 

general and 
specific 

cognitive 
abilities (IQ, 
VIQ, PIQ). 
Executive 

functioning, 
language, 
memory, 

sensorimotor 
and visuospatial 

processing 

36-60 
WPPSI-III, 
NEPSY-II 

WM reduction in the parietal and 
occipital lobes was related to IQ 
scores. Ventricular enlargement 

was negatively related to IQ scores. 
Cortical thickness showed positive 
correlation with IQ scores in frontal, 
occipital, parietal and limbic lobes. 

Cerebrospinal volume was 
negatively related to IQ and PIQ. 

Insular volume was positively 
related to PIQ. WM reduction in the 

parietal, temporal and occipital 
lobes was related to executive 

functions, language, visuo-motor 
and visuo-spatial tasks. Ventricular 
enlargement in the frontal, temporal 
and occipital lobes related to most 

cognitive functions. Cortical 
thickness in the frontal lobe was 

related to specific cognitive 
functions. A positive correlation was 

found between thickness of the 
parietal, temporal, occipital, limbic 

and insular lobes and narrative 
memory, visuo-spatial and visuo-

motor functions. Cerebrospinal fluid 
volume was negatively related to 

visuo-motor precision. Insular 
volume was positively related to 

visuo-spatial tasks. Other 
measurements at TEA MRI were 
not related to cognitive scores. 

 7 2020 
(Parikh, He, et 
al., 2020) 

74 
EP 
VP 

T2W-I, 3D T1 
MPRAGE, 

SWI 

DWMA volume 
calculation and 
Kidokoro et al. 

(2013) 
classifications 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

24 BSITD-III 

Moderate-severe DWMA 
significantly predicted cognitive 
impairments but not language 
impairments. Severe DWMA 

predicted cognitive impairments at 
age 2 (100.0% ss; 95.7% sp). In 
comparison, moderate injury on 
structural MRI exhibited lower 
predictive value for cognitive 

impairments and visually-diagnosed 
severe DWMA  did not significantly 

predict cognitive or language 
impairments. Combining visually-

diagnosed, moderate-severe grades 
of DWMA did not improve prediction 

of cognitive or language 
impairments. 



 8 2020 
(Parikh, 
Harpster, et 
al., 2020) 

77 
EP 
VP 

T2W-I, 3D T1 
MPRAGE, 

SWI 

DWMA volume 
calculation and 
Kidokoro et al. 

(2013) 
classifications 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

36 BSITD-III 

The relationship between DWMA 
volume and CP remained significant 

after controlling for global brain 
abnormality, GA, and center. 
Conversely, we did not find a 

significant relationship between 
qualitatively diagnosed DWMA and 
CP. Objectively quantified severe 

DWMA and global brain abnormality 
on structural MRI were both 

significantly predictive of CP, while 
visually-classified severe DWMA 

was a poor predictor of CP. 

 9 2021 
(Logan et al., 
2021). 

110 
EP 
VP 

T2W-I, 3D T1 
MPRAGE, 

SWI 

dHCP and 
Kidokoro et al. 

(2013) 

Cognitive, 
language, motor 

subtests 
24 BSID-III 

While surface area, sulcal depth 
and global injury score were 

associated with developmental 
scores. Only surface area and 
global injury score remained 
significantly associated with 

developmental scores. Even after 
adjusting for confounders, surface 
area and global injury risk score 

were significantly associated with 
neurodevelopmental outcomes. 
Roughly 70% of the relationship 
between CRIB-II and cognitive 

impairments was mediated by our 
composite MRI risk score, global 

injury score. The mediating effects 
of the global injury score also 

accounted for roughly 40% of the 
effects of the relationship between 

CRIB-II and Bayley language 
scores. Moreover, approximately 

87% of the effects of illness-severity 
on motor scores was mediated 

through the global injury score, and 
roughly 50% through cortical 

surface area. 

 10 2021 
(Mayock et al., 
2021) 

178 EP 
T1-W and T2-

W 

Papile et al. 
(1978) and 

Kidokoro et al. 
(2013) 

Cognitive, 
language, motor, 
social-emotional 

and adaptive 
functions 

24 BSITD-III 

Increasing WMI score was 
associated with larger reductions in 
motor function, cognitive ability and 

language skills. An association 
between cerebellum injury scores 

and BSID-III motor scores was 
observed, but was attenuated for 

cognitive ability and language skills. 



1.5T 
AND 3T 

MRI 
1 2019 

(Dewan et al., 
2019) 

129 EP 
T1-W and T2-

W 

Brain growth 
metrics (BPW, 
IDH, TCD) and  
Kidokoro et al. 

(2013) 

MDI and PDI 24 BSID-II 

Significant correlation between 
BPW and PDI.  IHD was not 

significantly correlated with MDI or 
PDI. TCD significantly correlated 
with MDI and PDI. There was no 

association between WMI and MDI. 
WMI= 5 was significantly associated 
with decreased PDI. Higher scores 

were not associated with PDI. 

 2 2022 
(Goeral et al., 
2022) 

103 
EP 
VP 

T2W-I TSE, 
DWI, T1W-I 

SE 

Three domains: 
GM, WM and 

total MRI score 

Cognitive and 
motor abilities 

24-36 
BSID-II/I and 

GMFCS 

The R2 for total MRI score was 0.65 
for cognitive outcome and 0.81 for 
motor outcome. The R2 for all sub 
scores was 0.56/0.68/0.74 (grey 

matter score/white matter 
score/additional points) for cognitive 

and 0.75/0.82/0.86  (grey  matter  
score/white  matter  score/additional 
points) for motor outcome. Receiver 
operating curves demonstrated that 
total MRI score could differentiate 

between favourable and 
unfavourable outcomes, with a high 

area under the curve of 0.78 for 
cognitive, 0.84 for motor outcome, 

and 0.94 for CP. Compared with the 
conventional IVH grading based on 
CUS, area under the curve of total 
MRI score were significantly higher 
by 0.16 for cognitive, 0.17 for motor 

outcome,  and  0.15  for  CP. 

 3 2022 
(Ayed et al., 
2022) 

146 
EP 
VP 

T1-W, T2-W, 
DWI 

Papile et al. 
(1978) and Miller 

scoring 

Cognitive and 
motor abilities in 
MgSO4 treated 

neonates 

36 BSID-III 

Antenatal MgSO4 exposure is 
associated with significantly  greater  
odds  of  better  motor  BSID  score 

and better cognitive score. 
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