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Cranial nerve subscores 10th percentile remained between 14.1 and 14.4 at all ages. Further, the model using corrected age also explained the variance in HINE scores marginally better, and with smaller SE compared with a model using chronological age. In the age group 12-16 weeks, 63% of infants in our study scored 0 points on the item “legs.”
We suggest the reason for the high proportion of low scores on the “legs” item in this age group is physiological as the proportion gradually decreased with age: 23% of infants in the age group 16-20 weeks and around 10% or less for older infants scored 0 points, consistent with the findings in 12 months old infants, from which the HINE originally
was created. SD as a function of chronological age in weeks was described as SD = 4.007599-0.004941836∗age (Table II; Figure 2, A; and Figure 3, A; Figures 2 and 3 available at www.jpeds.com). Use of the Hammersmith Infant Neurological Examination in infants with cerebral palsy: a critical review of the literature.Crossref PubMed Scopus (79)
Google Scholar To do this they have applied the HINE on high-risk infant populations, such as infants with known severe, perinatal events like asphyxia and brain damage after premature birth. The parents were asked not to inform or consult the examiners about any concern regarding their infant before the tests were completed and recorded. The
HINE was performed by a pediatrician and/or a pediatric physiotherapist; both examiners had extensive experience with neurologic examination of infants and followed instructions on performing the HINE published in written documents and teaching videos.,13Hammersmith Neurological Examinations n.d.. Blackman J. For HINE total score, ICC
(95% CI) was 0.953 (0.931-0.968). After their exclusion, 5 participants had the ASQ-2 27-month version completed and 129 participants had the 24-month version completed successfully (Figure 1). A clinical finding of tremor or parent-reported increased sleep requirement in combination with tHcy >8 μmol/L suggested B12 deficiency in 16 of 169
(9.5 %) infants participating in the present study, as we described recently.The HINE is divided in 3 sections. Categorical variables were compared between groups using the χ2 test for contingency tables or Fisher exact test for small samples. 2014; 90: 851-856View in Article Scopus (22) PubMed Crossref Google ScholarPrediction of neuromotor
outcome in infants born preterm at 11 years of age using volumetric neonatal magnetic resonance imaging and neurological examinations.Dev Med Child Neurol. Section 3 (behavior) is assessment of state of consciousness, emotional state and social orientation during the examination. B12 deficiency was suggested in 9.5% of infants participating in
the present study, in accordance with other prevalence studies, and was associated with tremor or excessive sleep. 1999; 135: 153-161Application of a scorable neurologic examination in healthy term infants aged 3 to 8 months.J Pediatr. 2021; 63: 939-946View in Article Scopus (14) PubMed Crossref Google ScholarHammersmith Infant Neurological
Examination and long-term cognitive outcome in children born very preterm.Dev Med Child Neurol. According to the manual,14Norsk manualsupplement til Ages and Stages Questionnaires [Norwegian manual supplement for the Ages and Stages Questionnaires]. We thank Associate Professor Erik A. Furthermore, we used a prospective design with
follow-up until 2 years of age to ensure that the children had a typical motor development. We visited Dr Haataja to observe her technique, and we consulted her during the study about the interpretation and scoring of some items. Median [range] scores for infants below 16 weeks was 58 [45.5-66], 16-19.9 weeks 63.8 [55-69], 20-23.9 weeks 66 [57.572], 24-27.9 weeks 69 [55.5-76], and 28 weeks and older 69.8 [61.5-75].For chronological age, the best fitting mean model for HINE total score (ytotal) was on the form y = 1/x2+ natural logarithm(x)/x2 where x is age in weeks (not corrected), ytotal = 78.1358 + 9659.231∗1/age2-5104.174∗natural logarithm(age)/age2, SE = 4.00 (n = 168). 2006; 85:
286-297View in Article Scopus (121) PubMed Crossref Google ScholarRelationship between the parachute reactions and standing and walking in normal infants.Pediatr Neurol. 2003; 143: 546Implementation of the Hammersmith Infant Neurological Examination in a high-risk infant follow-up program.Pediatr Neurol. Further, there was a risk of bias
in the recruitment, with parents with concerns about their infants possibly being more likely to volunteer. 2004; 93: 1525-1529View in Article PubMed Crossref Google ScholarThe prevalence and clinical relevance of hyperhomocysteinemia suggesting vitamin B12 deficiency in presumed healthy infants.Eur J Paediatr Neurol. we demonstrated that a
high degree of agreement can be achieved with appropriate training.Our results are in line with the 2 previous publications that have presented median HINE scores with ranges for infants younger than 12 months., Haataja et al reported that median HINE scores increased by age in 4-week time brackets from 12 to 32 weeks in 74 healthy infants
born at term. Mac Keith Press, London2007View in Article Hammersmith Neurological Examinations n.d.. accessed: March 16, 2021View in Article Norsk manualsupplement til Ages and Stages Questionnaires [Norwegian manual supplement for the Ages and Stages Questionnaires]. Corrected age was calculated as chronological age corrected for
due term date established by ultrasound measurements at 18th gestational week. We demanded a very straight back (“like a broom shaft”) to score 3 points on trunk in sitting position, and it was a predominant finding in our study that the infants did not reach full score. We defined motor development as typical if the infant scored above the cut-off
on both gross and fine motor subscales.Data were registered in EpiData v 4.4 (EpiData Association). Brookes Publishing, Baltimore1999View in Article Nesten 15 prosent er innvandrere - SSB. For the subscores the range of ICC was 0.78-0.97 (Table IV).Parents of 5 infants returned an ASQ-2 version for which the infant was too old for, and 1 family
returned a version the infant was too young for. Ricci D. Mean (SD) ASQ-2 27-month scores (n = 5) completed at median (range) age 26 (26-27) months was 48.0 (9.1) points for gross motor and 45.0 (14.1) points for fine motor subscale compared with the Norwegian reference values10Parent-completed developmental screening in a Norwegian
population sample: a comparison with US normative data.Crossref PubMed Google Scholar of 52.8 (8.9) points (P = .238) and 48.8 (11.5) points (P = .472), respectively. Descriptive statistics were presented as either mean with SD, or median with total range or IQR, or proportions. Pede E. There was an increase of 10th percentile between 12 and
28 weeks of chronological age in posture from 7.6 to 12.2 points, in tone from 18.6 to 21.6 points, and in reflexes from 5.1 to 8.2 points (Table III and Figure 4, A-C).Table IIIPredicted HINE subscores, 10th and 50th percentile for infants born with appropriate weight for gestational age at term (n = 168)A comparison of HINE scores for the 104 of 168
(62%) infants examined by 2 independent examiners is shown in Table IV (available at www.jpeds.com). However, because recruitment was done during the first few days after birth, after being examined by a pediatrician, we deem this risk as small. 2016; 58: 240-245View in Article Scopus (79) PubMed Crossref Google ScholarEarly psychomotor
development of low-risk preterm infants: Influence of gestational age and gender.Eur J Paediatr Neurol. Saarinen K. However, the American ASQ-2 24-month version has been validated for agreement with standardized assessments with a sensitivity of 80% and specificity of 82%.20Squires J. If we found an asymmetry described within the same
column on an item, we have scored down 0.5 points on that item. This demonstrates the requirement for a continuous, age-dependent reference interval, covering all ages in great detail. All statistical tests were 2-sided, and a P value of 0.75 were considered excellent. 2004; 50: 1769-1784View in Article Scopus (75) PubMed Crossref Google
ScholarPublished online: January 27, 2022Accepted: January 18, 2022Received in revised form: December 29, 2021Received: August 3, 2021Funded by Vestfold Hospital Trust . The function has a steeper increase at lower age compared with older age (Table II; Figures 2, B and 3, B). The computed 10th percentile at corrected age 12 weeks was 50.1
points and at corrected age 13 weeks 52.3 points, a difference of 2.1 points for 1 week of increased age, compared with the 10th percentile at 28 weeks of 64.2 points compared with 64.7 points at corrected age 29 weeks, a difference of 0.5 points for 1 week of increased age (Figures 2, B and 3, B).Frequency distributions with calculated reference
intervals of HINE subscores posture, tone, and reflexes and reactions, with 10th, 50th and 90th percentile for chronological age (n = 168 infants) are shown in Table III and Figure 4, A-C (available at www.jpeds.com). Reasons for admittance to the neonatal unit were observation for possible infection, feeding, transitory tachypnea, or simple
phototherapy. We also thank Cathrine Brunborg at Oslo Centre for Biostatistics and Epidemiology, Norway, for valuable help with statistics. In our study, the typical infant development, week by week between 3 and 7 months, was evident in the age trajectories of total HINE score, posture, tone, and reflexes and reactions HINE subscores. Agedependent reference intervals were computed using a polynomial regression method with an age-variable SD15A method for estimating age-specific reference intervals ('normal ranges’) based on fractional polynomials and exponential transformation.Crossref Scopus (153) Google Scholar in NCSS 2021 Statistical Software (NCSS, LLC;
ncss.com/software/ncss), whereas the other analyses were performed in IBM SPSS Statistics v 27 (IBM Corp; ibm.com/analytics/spss-statistics-software).We included 170 infants, 157 out of 170 (92%) from the postnatal unit and 13 out of 170 (7.6%) from the neonatal unit. 2017; 171: 897-907View in Article Scopus (508) PubMed Crossref Google
ScholarOptimality score for the neurologic examination of the infant at 12 and 18 months of age.J Pediatr. Use of the Hammersmith Infant Neurological Examination in infants with cerebral palsy: a critical review of the literature.Crossref PubMed Scopus (79) Google Scholar Two previous publications have presented median HINE scores with ranges
for infants younger than 12 months, but they did not report the 10th percentile., Because infants are commonly referred from well-child clinics for neurologic examination in an age range when their scores seem to increase by age, there is a need for a detailed, continuous reference interval based on a larger number of infants.The aims of this study
were to establish a robust reference material for HINE scores for term infants age 3-7 months with a 10th percentile cut-off for suboptimal HINE scores, to assess interobserver HINE score reliability and to document a typical motor development at 2 years of age with the Ages and Stages Questionnaire (ASQ)10Parent-completed developmental
screening in a Norwegian population sample: a comparison with US normative data.Crossref PubMed Google Scholar completed by parents.We performed a prospective, observational study of infants consecutively invited from the Postnatal and Neonatal Units at Vestfold Hospital, Norway as a healthy cohort for a study of infant vitamin Serum
vitamin B12 (B12) status between May 2018 and March 2019. et al.Early, accurate diagnosis and early intervention in cerebral palsy: advances in diagnosis and treatment.Crossref PubMed Scopus (508) Google Scholar The neurologic examination is a cornerstone in high-risk infant follow-up programs at all levels to provide early identification and
repeated documentation of neurodevelopmental impairments and delays. Another limitation of the present study was that only term infants with appropriate weight for gestational age were included, and the results cannot be generalized to infants born preterm or small for gestational age. Aho K. The HINE total score 10th percentile cut-off
corresponded to 52.1 points at age 12 weeks, 55.6 points at 16 weeks, 59.0 points at 20 weeks, 61.8 points at 24 weeks, and 63.8 points at 28 weeks. Also, in a study aimed to compare HINE scores of preterm and term infants, Romeo et al reported that the HINE scores were higher at 6 months than at 3 months of age in 48 healthy, low-risk infants
born at gestational age ≥37 weeks with appropriate weight for gestational age. Mean (SD) birthweight of the 168 infants was 3653 (434) g, birthweight z score according to the Norwegian growth chart for term infants was −0.05 (0.94), gestational age of 40 (1.2) weeks, 83 (49%) were girls, and 6 (3.6%) were twins. One infant was excluded due to a
nontestable state and 1 infant was excluded due to an item with a missed scoring, leaving 168 infants with completed HINE for analyses (Figure 1). The model explained 53.4% of the variance in HINE total score. Only 1 of 129 infants (0.8%, 95% CI 0%-4.2%) scored at or below cut-off on gross and fine motor subscales on the 24-month version,
respectively, and none of the infants completing the 27-month versions scored at or below cut-off on gross and fine motor subscales. Haataja et al defined scores below the 10th percentile as suboptimal in 12- and 18-month-old term infants. B, Calculated reference interval of HINE total score with 10th, 50th, and 90th percentile for corrected age
(n = 168).Figure 4A, Frequency distribution with calculated reference interval of HINE subscore posture with 10th, 50th, and 90th percentile for chronological age (n = 168). B, Frequency distribution with calculated reference interval of HINE total score with 10th, 50th, and 90th percentile for corrected age (n = 168).For corrected age, the best
fitting mean model for HINE total score (ytotal) was on the form y = 1/x2 + x3 where x is corrected age in weeks, ytotal = 68.69621- 2026.14∗1/corrected age2+ 0.0001328846∗corrected age3, SE = 3.85 (n = 168). We are grateful for the participation of all families. Lehtonen L. In 25 infants age 12 months or older, Haataja et al reported an interobserver correlation coefficient “close to 1” between 2 examiners. In the present study, we have shown that the infants did not reach the 12- to 18-month level by 6 months of age. The reference interval can be used to identify infants scoring below the 10th percentile, defined as a cut-off for optimal scores. Even though we in the present study limited
outcome at 2 years to only include motor subscales on ASQ-2, we acknowledge that the HINE also may be used as an early indicator of cognitive outcome, as shown for preterm, high-risk infants.18Romeo D.M. Cowan F.M. Haataja L. To assess interobserver reliability, the HINE was repeated independently during the same appointment and in the
same room by the other examiner, still blinded to all information about the infant but for corrected age, and unaware of the scoring of the other examiner and results from concurrent tests. We have also shown an excellent interobserver reliability for the HINE and documented a normal motor development at 2 years of the included infants.We thank
Professor Leena Haataja, Children's Hospital, and Pediatric Research Center, Helsinki University Hospital, Finland, for, teaching us the HINE, inspiring us and also for commenting on the manuscript. A hundred thirty-four (80%) mothers were of Norwegian origin. The co-author Trine Tangeraas is a health care representative on behalf of Oslo
University Hospital, member of the European Reference Network for Rare Hereditary Metabolic Disorders (MetabERN).Figure 1Flowchart of inclusion, exclusion, and test completion in the present study.Figure 3A, Calculated reference interval of HINE total score with 10th, 50th, and 90th percentile for chronological age (n = 168). 2021; 63: 947953View in Article Scopus (3) PubMed Crossref Google ScholarThe ASQ User’s Guide.Second Editon. We adjusted to the needs of the infant, and if necessary, had pauses or rescheduled. However, the use of a parent reported questionnaire may potentially fail to identify subtle atypical findings compared with a structured neurologic examination,
either due to inherent limitations of a questionnaire in assessing SDs of motor function, or the parents being reluctant to report atypical findings. Maunu J. et al.Hammersmith Infant Neurological Examination for infants born preterm: predicting outcomes other than cerebral palsy.Crossref PubMed Scopus (14) Google Scholar,19Uusitalo K. As the
examiners in our study gained extensive experience with performing the HINE, we do not know whether interobserver reliability of the HINE would be equally high when performed by less experienced examiners. Setänen S. Morgan C. The HINE was performed in 5-10 minutes if the state of the child permitted. As taught on the HINE course and in
online teaching material,13Hammersmith Neurological Examinations n.d.. We, therefore, also provided a reference interval calculated from corrected age. et al.Neurological examination combined with brain MRI or cranial US improves prediction of neurological outcome in preterm infants.Crossref PubMed Scopus (22) Google Scholar for typical
motor development of very preterm infants at 11 years.6Setanen S. Type C intraclass correlation coefficient (ICC) 2-way mixed, single measure with a consistency definition was used to quantify interobserver reliability on HINE. B, Frequency distribution with calculated reference interval of HINE subscore tone with 10th, 50th, and 90th percentile for
chronological age (n = 168). The model explained 49.8% of the variance in HINE total score. None of the 13 infants recruited from the neonatal unit had serious disease and were discharged as healthy infants with low risk for neurologic sequel. It contains 30 developmental items divided into 5 subscales: communication, gross motor, fine motor,
problem solving, and personal-social. Section 1 (neurologic examination) consists of 26 items assessing cranial nerve function, posture, movements, tone, and reflexes and reactions, and the items are scored 0-3 points in 0.5-point steps with a maximum total score of 78. Linear regression analyses were performed to identify factors associated with
HINE scores. 2016; 65: 31-38 examination combined with brain MRI or cranial US improves prediction of neurological outcome in preterm infants.Early Hum Dev. Written informed consent was collected for all participants.We retrieved obstetric and perinatal information from hospital records. In 134 of these infants Ages and Stages Questionnaire
was completed by their parents at 2 years of age to ensure typical motor development. The study was approved by the Regional Ethics Committee (179/2018) and conducted according to the Helsinki declaration. University of Turku, Turku2016View in Article Use of the Hammersmith Infant Neurological Examination in infants with cerebral palsy: a
critical review of the literature.Dev Med Child Neurol. The calculations of reference intervals were made feasible with polynomial regression with an age-variable SD, a solid statistical method when calculating age-dependent reference intervals.15A method for estimating age-specific reference intervals ('normal ranges’) based on fractional
polynomials and exponential transformation.Crossref Scopus (153) Google ScholarMany studies have focused on the predictability of the HINE for negative outcomes such as cerebral palsy.8Romeo D.M. Ricci D. et al.Prediction of neuromotor outcome in infants born preterm at 11 years of age using volumetric neonatal magnetic resonance imaging
and neurological examinations.Crossref PubMed Scopus (35) Google Scholar,7Prediction of neurodevelopment and neuromotor trajectories in very preterm born children up to 11 years of age. We decided a priori to include corrected age in the regression models. C, Frequency distribution with calculated reference interval of HINE subscores reflexes
and reactions with 10th, 50th, and 90th percentile for chronological age (n = 168).Figure 4A, Frequency distribution with calculated reference interval of HINE subscore posture with 10th, 50th, and 90th percentile for chronological age (n = 168). Only section 1 was used in the present study.We contacted all parents of included infants with an
invitation to complete and return by mail the validated Norwegian translation10Parent-completed developmental screening in a Norwegian population sample: a comparison with US normative data.Crossref PubMed Google Scholar of Ages and Stages Questionnaire- Second Version (ASQ-2) at 24 months of age, not corrected for term date, as
recommended according to the ASQ-2 manual from the chronological age of 2 years.14Norsk manualsupplement til Ages and Stages Questionnaires [Norwegian manual supplement for the Ages and Stages Questionnaires]. The possible score range for each subscale is 0-60. We trichotomized the state of the infants as good, where the whole
examination could be done in one sequence, suboptimal, where the state of the child required breaks, and nontestable. The 10th percentile is equal to −1.282∗SD.Table IIComparison of predicted HINE total scores, 10th and 50th percentile for chronological age and corrected age in infants born with appropriate weight for gestational age at term
(n = 168)Figure 2A, Frequency distribution with calculated reference interval of HINE total score with 10th, 50th, and 90th percentile for chronological age (n = 168). Mercuri E. we have scored down 1 point on the cranial nerve item “swallowing” if the parents answered that feeding or regurgitation was a problem when asked. Adde L. Mean (SD)
ASQ-2 24-months scores (n = 129) completed at median (range) age 24 (23-25) months was 56.1 (6.3) points for gross motor and 52.4 (6.8) points for fine motor subscale compared with the Norwegian reference values10Parent-completed developmental screening in a Norwegian population sample: a comparison with US normative data.Crossref
PubMed Google Scholar of 56.0 (6.4) points (P = .899) and 53.5 (7.6) points (P = .222), respectively. The infants had a typical motor development at 2 years follow-up.We have presented a valid, continuous reference interval and a 10th percentile cut-off for HINE scores for infants age 3-7 months.HINEcerebral palsyfollow-upinfant neurologyASQ
(Ages and Stages Questionnaire), ASQ-2 (Ages and Stages Questionnaire-Second Version), B12 (Serum vitamin B12), HINE (Hammersmith Infant Neurologic Examination), ICC (Intraclass correlation coefficient), tHcy (Serum total homocysteine)Early identification of infants at risk for neurodevelopmental impairments or delays is important to ensure
early intervention at an age when the brain plasticity is high.1Novak I. The infants were examined at 1 time point between 3 and 7 months of age with HINE and then with ASQ at 2 years of age for the present study (Figure 1; available at www.jpeds.com).All mothers underwent a routine early screening ultrasound assessment that included estimated
date of delivery. The infants included in the present study were also participants in a larger, hypothesis generating, cross-sectional study for the purpose of investigating B12 status in a cohort of 252 healthy infants. Boyd R.N. Brunstrom-Hernandez J. The room was preheated. Regionsenter for barne- og ungdomspsykiatri, Helseregion Øst/Sør, Oslo,
Norway2003View in Article A method for estimating age-specific reference intervals ('normal ranges’) based on fractional polynomials and exponential transformation.J R Stat Soc Ser A Stat Soc. 1998; 161: 79-101View in Article Scopus (153) Crossref Google ScholarLongitudinal reference ranges for estimated fetal weight.Acta Obstet Gynecol Scand.
C, Frequency distribution with calculated reference interval of HINE subscores reflexes and reactions with 10th, 50th, and 90th percentile for chronological age (n = 168).Table IFrequency distribution of HINE scores∗If the response to an item fell between 2 columns (ie, 1 and 2), the score was 2.5. If there was an asymmetric response to an item, the
average score between left and right was noted, and if there was an asymmetry but the responses fell in 1 single column, 0.5 was deducted from the score for that item. The infants had a typical motor development at 2 years.The strengths of the present study include the calculation of the 10th percentile for HINE scores based on the large number of
infants (n = 168), compared with previous studies,, examined at one timepoint to cover the ages 3-7 months. Setänen et al reported a high negative predictive value of HINE scores above the 10th percentile5Setanen S. The questionnaire is designed to be answered by caregivers. Hammersmith Infant Neurological Examination and long-term cognitive
outcome in children born very preterm.Crossref PubMed Scopus (3) Google Scholar When infants either score below the 10th percentile, or present with ambiguous development, we advise repeated HINE examinations to assess the development over time. The clinical implication of the present study with normal material from healthy infants with a
typical motor development is that our cut-off scores can be applied when examining low-risk infants, referred from primary health care to pediatric outpatient clinics for evaluation. In a multiple linear regression with HINE score as dependent variable and corrected age in weeks and recruited from neonatal unit as independent variables, only
corrected age was significantly associated with HINE score (beta = 0.768, 95% CI 0.651-0.884, P
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