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ABSTRACT Objective: To study the predictive value of General movements (GMs) quality assessment and craniocerebral
ultrasound (CUS) for exercise development outcome of children at high-risk of brain injury. Methods: 605 premature infants with
high-risk factors for brain injury who were admitted to the Neonatal Intensive Care Unit (NICU) of Xuzhou Medical University Affiliated
Hospital from October 2019 to June 2021 were selected, and follow-up records were established. CUS examination was performed within
24 h, 3 d and 7 d after admission. Abnormal patients were re-examined once a week until discharge, and the most abnormal results were
recorded. GMs quality assessment was performed during the writhing movement stage at 36 to 40 weeks of gestational age, and GMs
quality assessment during the restless exercise stage at 3 to 6 months of age. exercise development outcome was determined by Gesell
Developmental Scale and diagnostic classification criteria for cerebral palsy in children at 12 months of age. The predictive validity of
GMs quality assessment and CUS in predicting adverse exercise development outcome and cerebral palsy were analyzed. Results:
Complete follow-up data were obtained in 536 high-risk children with brain injury, and the results of exercise development were 424
cases of normal exercise development, 105 cases of exercise development retardation, and 7 cases of cerebral palsy at 12 months of age.
The sensitivity, specificity of GMs quality assessment of twisting exercise was 56.25%, the specificity was 82.78%. The sensitivity of
restless exercise GMs quality assessment was 73.21%, the specificity was 98.82%. CUS had a sensitivity of 54.46%, specificity of
94.34% in predicting the outcome of exercise development. The sensitivity of twisting GMs quality assessment combined with CUS was
81.25%, the specificity was 81.13%. The sensitivity of restless exercise GMs quality assessment combined with CUS was 84.82%, the
specificity was 96.46%. The sensitivity and negative predictive value of GMs quality assessment and CUS for predicting cerebral palsy

were both 100.00% . The combination of GMs quality assessment and CUS can significantly improve the sensitivity and positive
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predictive value of adverse exercise outcome. Conclusion: CUS has good predictive value for adverse exercise development outcome of

high-risk infants with brain injury, especially cerebral palsy. GMs quality assessment combined with CUS can significantly improve the

early predictive value for adverse exercise development outcome of high risk infants with brain injury.
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Table 1 Comparison of general data between normal exercise development group and abnormal exercise development group

Normal exercise development

Abnormal exercise

Items x/tH P
group(n=424) development group(n=112)
Gender [male(n, %)] 240(56.60) 66(58.93) 0.195 0.658
Gestational age [ x+s, weeks] 31.65+2.15 29.06+1.85 11.658 <0.001
<28 weeks(n, %) 11(2.59) 12(10.71) 27.572 <0.001
28~<32 weeks(n, %) 149(35.14) 53(47.32)
32~<34 weeks (n, %) 155(36.56) 36(32.14)
= 34 weeks (n,%) 109(25.71) 11(9.82)
Birth weight(g) 1580.25+168.75 1124.75+259.72 69.467 <0.001
Imin Apgar score
5.0(4.0~6.0) 4.0(4.0~5.0) 2.797 0.050
[M(Pys5~P;s), scores]
Smin Apgar score
6.0(5.0~7.0) 6.0(5.0~7.0) 2297 0.220
[M(Pys5~P;5), scores]
Cesarean section[n(%)] 337(79.48) 97(86.61) 2.920 0.087
Pregnancy complications[n(%)] 345(81.37) 95(84.82) 0.719 0.397
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Table 2 The relationship between the GMs quality assessment results of twisting exercise and the exercise development outcome

Exercise development outcome

GMs quality assessment

Total
results exercise development Normal exercise
) Cerebral palsy
retardation development
PR+CS 56 73 136
N 49 351 400
Total 105 424 536

Note: PR: monotonicity GMs; CS: spasm synchronous GMs; N: normal GMs.
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Table 3 The relationship between GMs quality assessment results of restless exercise and exercise development outcomes

) Exercise development outcome
GMs quality assessment

Exercise development Normal exercise Total
results ) Cerebral palsy
retardation development
F- 75 7 5 87
NF 30 0 419 449
Total 105 7 424 536
Note: F -: lack of restless exercise. NF: normal restless exercise.
R4 CUSKRBEREEHLAFTLERNKXE
Table 4 Relationship between CUS examination results and exercise development outcome
Exercise development outcome
CUS inspection results Exercise development Normal exercise Total
Cerebral palsy
retardation development
CUS- 54 7 24 85
CUS+ 51 0 400 451
Total 105 7 424 536

Note: CUS-: CUS abnormal. CUS+: normal CUS.
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Table 5 The relationship between the evaluation results of GMs quality evaluation combined with CUS and the outcome of motor development

Motor development outcome

Joint inspection Total
Developmental retardation Cerebral palsy Normal
(PR+CS)+CUS- 37 7 6 50
(PR+CS)+CUS+ 19 0 67 86
N+CUS- 28 0 7 35
N+CUS+ 21 0 344 365
Total 105 7 424 536

Note: PR: monotonicity GMs; CS: spastic synchronous GMs; N: Normal GMs; CUS-: CUS exception; CUS+: normal CUS.
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Table 6 The relationship between the results of GMs quality assessment combined with CUS assessment of restless sports

and the outcome of sports development

Motor development outcome

Joint inspection Total
Developmental retardation Cerebral palsy Normal
(F-)+CUS- 54 7 1 62
(F-)+CUS+ 21 0 4 25
(NF)+CUS- 13 0 10 23
(NF)+CUS+ 17 0 409 426
Total 105 7 424 536
Note: F-: lack of restless movement; NF: normal restless movement; CUS-: CUS exception; CUS+: normal CUS.
xR 7T RERNFEIIEHE B ERHIFTNKE
Table 7 Predictive validity of different detection methods on sports development outcome
) (Slow+Cerebral palsy) . Normal Specificity Positive negative
Inspection method Susceptibility(%) ) )
+(a) -(c) +(b) «(d) (%) estimate(%)  estimate(%)
Quality evaluation of
63 49 56.25 73 351 82.78 46.32 87.75
twisting movement GMs
Quality assessment of
82 30 73.21 5 419 98.82 94.25 93.32
restless movement GMs
CUS 61 51 54.46 24 400 94.34 71.76 88.69
Quality evaluation of
twisting movement 91 21 81.25 80 344 81.13 53.22 94.24
GMs+CUS
Quality assessment of
restless movement 95 17 84.82 15 409 96.46 86.36 96.01
GMs+CUS
e 8 AR T7 3 3 R A Foum s A2
Table 8 Predictive validity of different detection methods for cerebral palsy
. Cerebral palsy Susceptibility ~ Non cerebral palsy L Positive Negative
Inspection method Specificity(%)
(%) estimate(%) estimate(%)
+a) -(©) +(b) ~(d)
Quality evaluation of twisting
7 0 100.00 129 400 75.61 5.15 100.00
movement GMs
Quality assessment of restless
7 0 100.00 80 449 84.88 8.05 100.00
movement GMs
CUS 7 0 100.00 78 451 85.26 8.24 100.00
Quality evaluation of twisting
7 0 100.00 43 486 91.87 14.00 100.00
movement GMs+CUS
Quality assessment of restless
7 0 100.00 55 474 89.60 11.29 100.00

movement GMs+CUS
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