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What is already known
on this topic?

e The  Hammersmith  Infant
Neurological Examination
(HINE) is important for fol-
lowing up on high-risk infants
with neurodevelopmental
problems.

What this study adds on
this topic?

e The Turkish translation of The
HINE was found to be readily
understandable and easy to
use.

e The HINE scores were consis-
tent with 3 different methods
(magnetic resonance imag-
ing, general movements, and
Bayley Scales-lll) of predicting
neurodevelopmental outcomes
in the first year to identify
infants at risk for delayed motor
and cognitive performance.
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ABSTRACT

Objective: The purpose of this study was to establish the reliability of the Turkish translation
of the Hammersmith Infant Neurological Examination in infants at 8-12 months corrected
age and compare Hammersmith Infant Neurological Examination scores to other predictive
assessments.

Materials and Methods: Perinatal risk factors, term-age magnetic resonance imaging, general
movements at 3-month corrected age, and 12-month corrected age The Bayley Scales of Infant
and Toddler Development, Third Edition (BSID-IIl) scores were obtained in 35 high-risk infants.
The Hammersmith Infant Neurological Examination was evaluated using intra-rater and inter-
rater reliability. Hammersmith Infant Neurological Examination scores were compared to the
findings from the three other assessments.

Results: Intra-rater and inter-rater reliability was high (intraclass correlation coefficient =1.00;
intraclass correlation coefficient = 0.969, P < .001, 95% Cl = 0.939-0.984, respectively). Global
Hammersmith Infant Neurological Examination scores were significantly lower in infants with
magnetic resonance imaging evidence of brain injury than without (P < .05) and in infants
without general movements Fidgety movements (P < .05), than with. There was a significant
positive correlation between global Hommersmith Infant Neurological Examination scores and
Bayley Scales-IIl cognitive (P < .001), language (P < .001), and motor composite scores (P <
.001).

Conclusion: This study strongly supports the use of the Turkish translation of the Hammersmith
Infant Neurological Examination. Users found it readily understandable and easy to use, and
the scores were consistent with 3 different methods of predicting neurodevelopmental out-
comes. These findings will aid the early diagnosis, management, and support for children with
neurodevelopmental problems.
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INTRODUCTION

High-risk infants may have long-term neurodevelopmental problems."? particularly after
hypoxic-ischemic encephalopathy (HIE), cystic periventricular leukomalacia (cPVL), and
intraventricular hemorrhage (IVH).?
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The follow-up procedure of high-risk infants requires a broad-
based approach in order to detect neurodevelopmental prob-
lems early.' One problem that requires early detection is cerebral
palsy (CP), which is associated with neurodevelopmental dif-
ficulties.* A combination of methods has shown high rates of
predictive validity for the early diagnosis of CP,>¢ such as term-
age magnetic resonance imaging (MRI), Prechtl’s Qualitative
General Movement Assessment (GMA) of Fidgety Movements
(FMs), and the Hammersmith Infant Neurological Examination
(HINE).*>¢ The HINE, whose reliability and validity have been well
established,” has not been translated into Turkish.

Establishing the reliability of the Turkish translation of the HINE
is needed. High-risk infant follow-up programs provide guid-
ance for referral of infants for early interventions.? In such
programs, the HINE has been proven successful in predicting
locomotor/gross motor functions in preterms with a probable
diagnosis of CP, or in 3- fo 14-month-old infants diagnosed
with HIE.° The interrater reliability and correlation coefficients
for the HINE were found to be good in typically developing
infants.” Currently, there exist no studies examining intra-rater
reliability, researcher reliability, and concurrent validity of the
Turkish HINE in high-risk infants. The aims of our study were fo
develop a Turkish translation of the HINE and to determine its
reliability and validity in a cohort of infants at high risk of CP.

MATERIALS AND METHODS
The study was developed in 3 stages:

Stage 1: Translation and Pilot Testing

For translation, the principles of Beaton et al were followed."
The HINE was translated from English to Turkish by 2 native
Turkish-speaking physiotherapists fluent in English. It was then
back-translated into English by two English-speaking physio-
therapists, also fluent in Turkish. All 4 physiotherapists agreed
on a Turkish version. The pilot study involved 15 pediatric phys-
iotherapists, experienced with applying the HINE, who each
assessed one of 15 infants. They were asked how they under-
stood and applied each item of the HINE and to express any
difficulties they experienced. Through this process, a final ver-
sion of the Turkish translation of the HINE was created consid-
ering the points raised during the pilot testing.

Stage 2: Reliability

This was undertaken by 2 physiotherapists, R1 and R2, one of
whom had been involved in the translation. They had similar
experience with handling high-risk infants and the use of the
HINE. The first section of the finalized Turkish translation of the
HINE was administered in 35 infants (not including those from
the pilot study) and scored by R1 at baseline (R1-T1). Evaluations
were video-recorded in HD for detailed observation. The same
physiotherapist made a second assessment (R1-T2) from the
original video recording for intra-rater reliability at a 2-week
interval. The other physiotherapist (R2) scored the HINE exami-
nation from the video recordings separately (R2) and was
blinded to the scoring of R1 for the inter-rater reliability. The
evaluations by R1 and R2 were used for inter-rater reliability,
while the evaluations made by R1were used for intra-rater reli-
ability. The total score and 5 sub-section scores from the same
infants were compared between raters. Reliability for sections
2 and 3 was not assessed. Neither of these 2 physiotherapists
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(R1-R2) administering HINE in this study was aware of the
infant's medical history or the results of the neonatal neuro-
logic examination.

Stage 3: Validity

Validity was determined by comparing the HINE results with
those of GMA and brain MRI. Additionally, the HINE global
scores were correlated with developmental quotients from the
Bayley Scales of Infant and Toddler Development (BSID-III) at
12 months. GMA was performed in all infants on 2 occasions
from video recordings during the 4-week period at the cor-
rected age (CA) of 12-16 weeks. MRl was undertaken at ferm-
equivalent age (TEA, 38-41 weeks post-menstrual age) as
recommended by the neonatologist. BSID-IIl was administered
in all infants at 8-12 months CA by the first rater (R1).

Participants and Measurements

This preliminary study was conducted with 35 high-risk infants,
but the study is continuing to evaluate high-risk infants and
healthy peer aged between 3 and 12 months. The present study
included 35 high-risk infants referred to physiotherapy by a neo-
natologist. According to the post hoc power analysis using the
correlation coefficients between BSID-Ill and HINE, the power
ranges between 94% and 99% for 35 sample sizes. Informed
written consents were obtained from families. Age correction
was used for all evaluation and outcome data. All examinations
were carried out at the Department of Paediatrics. The infants
included in the study are shown in Figure 1. Any infant admitted
to the Neonatal Intensive Care Unit (NICU) at term with neuro-
logical problems and any preterm infant with an abnormal MRI
or a complicated neonatal course was eligible (Table 1). Infants
were excluded if they had disorders affecting peripheral move-
ments, metabolic/genetic disorders, or infants still dependent
on mechanical ventilation at 3 months post-term age. To use
the HINE, permission was obtained from the webmaster of the
Hammersmith Neurological Examination website." The study
was conducted in accordance with the Declaration of Helsinki.
Ethical committee aproval was received from the SANKO
University Non-invasive Clinical Research Ethics Committee
(Approval No: 16/6). Clinical Trial study registry identifier is
NCT04259177.

Hammersmith Infant Neurological Examination

The HINE is a simple, standardized, and scorable test for the
clinical neurological evaluation of 2- to 24-month-old infants.
It has 3 sections: (1) neurological examination (26 items, scored)
evqluoﬁng cranial nerve function, posture, movements, tone,
reflexes, and reactions, (2) motor milestones (8 items, unscored),
and (3) behavior (3 items, unscored). Each of the 26 items is
scored first separately (as 0, 1, 2, or 3, half scores), and then, the
total score is calculated with a maximum score of 78. The total
score can be classified as optimal or suboptimal. Optimal scores
are based on the frequency distribution of neurological findings
in the population observed in at least 90% of infants in the age
range under examination.® The optimal scores for term-born
infants between 9 and 12 months are >73. Scores found in 9- to
18-month-old preterm infants with normal neonatal brain imag-
ing and the ability to walk independently at 2-year all had scores
>64."” The HINE optimal scores and cut-off scores for predict-
ing the ability to walk or sit or the likelihood of developing CP
can provide vital prognostic information regarding future motor



Turk Arch Pediatr 2022; 57(2): 151-159

Adigiizel et al.
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-Infants at high risk of
cerebral palsy
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Incomplete data (n=1)

T

Total infants with
complete data available
for analysis

——

Analyzed (n=35)

Figure 1. Flowchart for infant enrollment and analysis processes.

development® and help to determine whether infants might ben-
efit from a specific and early rehabilitation programs. Detailed
instructions of the HINES are available freely on the web."

Novak identified a HINE score of <73 at 6, 9, and 12 months
as a risk for developing CP.® Most children in our study had
a HINE score <73. We then compared our data to those of
Frisone et al.?who found that HINE scores <64 at 9- to 18-month-
old in infants born preterm were predictive of independent
walking, and scores < 52 were predictive of independent sit-
ting but not walking by year 2. We therefore used 64 as cut-off
to identify children at high risk of not walking and developing
CP. Frisone et al” reported that the optimality scores were not
affected by the gestational age of the child or the age at which
they were examined between 9 and 18 months uncorrected age.
In a later study by Romeo et al® showed that HINE scores at
9 and 12 months fell sharply with the increasing severity of CP,
and all children with CP levels 11-V on the Gross Motor Function
Classification Scale (GMFCS) had a HINE score <64.” Therefore,
in the present study, we compared MRI and FMs findings with
suboptimal and optimal HINE scores according to Frisone et al.”

Prechtl’s General Movements Assessment

General movements (GMs) are the spontaneous movement
repertoire present from early foetal life until 20 weeks post-
term. From birth to 8 post-term weeks, they have a “writhing”

character and then till about 20 weeks a "fidgety" character. Two
specific abnormal movement patterns reliably predict CP: (1) a
persistent pattern of cramped-synchronized GMs up to 8 post-
term weeks and (2) the absence of the fidgety character from
8-20 post-term weeks. FMs are classified as (a) normal (F+),
(b) absent (AF), when normal FMs are never observed, and (c)
abnormal (F-). All infants were examined for FMs at least twice
using 5-minute video recordings from 9- to -20-week-post-term
via video recordings. Recordings were made by physiotherapist
R1 when infants were in a supine position in a quiet and well-lit
room and outside feeding times. FMs were then assessed from
the video by a different pediatric physiotherapist.

Brain MRI

Some of the infants who had cranial ultrasonography dam-
age underwent MRI (n = 19) at term equivalent age (TEA, 38-41
weeks CA) due to abnormal cranial ultrasound (cUS) findings.
The neuroimaging reports were assessed by 2 independent
radiologists blinded to all clinical information except gesta-
tional and postnatal age. In this study, comparing the HINE to
MRI findings at term age, we decided to use a robust marker
of the integrity of the cortical-spinal tracts at term age, that
is, the state of myelination if the posterior limb of the internal
capsule (PLIC) as an imaging predictor of CP."'® The radiolo-
gists grouped the infants as 1. Extremely unlikely to develop CP.
Normal imaging or minor anomalies such as IVH grade 1-2.
PLIC was of normal.

2. Unclear, CP is possible, but unlikely, scans showed some evi-
dence of damage but symmetrical myelin was present in the
PLICs. Examples were IVH grade 3, HIE damage noft involving
the basal ganglia or thalami (BGT), PLIC, the pyramids, or peri-
rolandic area.

3. Very likely to develop CP. Evidence of brain damage or mal-
formation involving the motor structures with abnormal/absent
myelination in the PLICs. Examples were IVH grade 1V, cystic
PVL, HIE with BGT involvement, or brain malformation with
involvement of the motor cortex and any abnormal PLICs.

The Bayley Scales of Infant and Toddler Development, Third
Edition (BSID-III)

The BSID-Ill is a neurocognitive assessment used to evaluate
infants from 0 to 42 months and to monitor their development
with 5 domains: cognitive, language (receptive and expres-
sive communication), motor (fine and gross motor), social-
emotional, and adaptive functions.” The first 3 domains were
assessed. To allow comparison of results from the 5 domains,
a composite score is calculated for each domain (mean, 100 +
15). A composite score below —2 standard deviation (SD) (<70)
is considered a severe delay for all domains. At 12 months CA,
all infants were assessed with the BSID-IIl by physiotherapist
(R1) in a quiet and bright room with their parents.

Statistical Analysis

The number of examinations needed for the reliability study
was calculated at 5% significance level, with an effect size of
0.61, a = 0.05, 80% power based on adaptation study con-
ducted in an Indian population, and determined to be 25."
However, considering the possibility of 10% loss, the sample size
was setf at 30.
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Table 1. Physical Characteristics of the Infants
Minimum Maximum Mean + SD
Birth weight (g) 500 3500 1877 + 885
Gestational age (w) 25 40 32.97 + 4.37
Age at HINE (m) 8 12 10.25 +1.43
n (%) sex n (%)

Female Male
Preterm 26 (74.3) 10 (38.5) 16 (61.5)
Term 9 (25.7) 3(33.3) 6 (66.7)
Total (n = 35) 35 13 22
Infant diagnoses, GM fidgety movements, and MRI findings

n=235 %
Prematurity+RDS+LBW 5 14.3
SGA+IUGR 3 8.6
Kernicterus 1 2.9
RDS 9 25.7
BPD 3 8.6
Asphyxia and encephalopathy 9 25.7
Sepsis with chorioamnionitis 2 5.7
ELBW+RDS+ PROM 3 8.6
GMs fidgety movement characteristics

n=235 %
F+ 29 82.9
F— 6 17.1
AF 0
MRI findings at term equivalent age

n=19 % Term (n) Preterm (n)
Normal (classification 1 - all normal PLIC) 9 47.3 4 5
IVH (grade 3) (classification 2) 2 10.5 1 1
IVH (grade 2)+ severe WM injury (classification 3) 1 5.2 1 0
IVH (grade 1)+ severe WM injury (classification 1) 1 5.2 1 0
PVL (classification 3) 2 10.5 0 2
Hypomyelinization of PVA (classification 1) 3 15.7 0 3
Bilateral subcortical hyperintensity+ PVL (classification 3) 1 5.2 0 1
PLIC myelin not seen (classification 3) 6 32 2 4
SD, standard deviation; RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia; LBW, low birth weight; ELBW, extremely low birth weight; IUGR,
intrauterine growth retardation; IVH, intraventricular hemorrhage, MRI, magnetic resonance imaging; n, number; PROM, preterm rupture of membranes; PVL, cystic
periventricular leukomalacia; SGA, small for gestational age; PLIC, posterior limb of the internal capsule; PVA, periventricular area; F+, fidgety movements present;
F—, fidgety movements absent; AF, abnormal fidgety; g, grams; w, weeks; m, months.

The data were analyzed using the Statistical Package for
Social Sciences, version 25.0 software (SPSS Inc.; Chicago,lL,
USA). Descriptive statistics are given as mean and SD for
continuous variables and frequency and percentage values
for qualitative variables. The reliability of the HINE was eval-
uated with test-retest/intra-rater and inter-rater reliabil-
ity. The validity of the scale was evaluated with concurrent
validity. Test-retest reliability was assessed by intra-class
correlation coefficient and paired t-test by comparing
HINE scores at different times obtained by the same rater
(R1-T1 and R1-T2); inter-rater reliability (R1-T1 and R2) was
assessed using intra-class correlation coefficient and paired
t-test by comparing scale scores obtained by the 2 differ-
ent raters. The validity of the HINE scale was evaluated
with independent samples t-test, Cramer’s V coefficient by
comparing to the MRI findings and FMs, and Pearson’s cor-
relation coefficient between BSID-IIl composite scores at
12 months CA and the HINE total score.
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RESULTS

In total, 35 high-risk infants were examined using the HINE
between 8 and 12 months CA (mean, 10.25 months). The pri-
mary diagnosis, gestational age (GA), birth weight, prenatal
risk factors, evidence of respiratory illness, sepsis, convul-
sions at discharge were recorded from the neonatal charts
(Table 1).

Reliability

Inter-rater reliability of the HINE was high (n = 35, ICC = 0.96, P
<.001, 95% Cl = 0.93-0.98) for all the sub-score sections (Table
2). For the test-retest reliability, there was no significant dif-
ference between the mean of the global and sub-sections of
the HINE scores obtained by the same rater (R1-T1 and R1-T2)
(P = 1.00). ICC values for the cranial nerves, posture, move-
ment, fone, reflexes & reactions, and global scores were also
reliable (Table 2).
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Table 2. Inter-Rater Reliability of the HINE in 35 High-Risk Infants
Components of HINE Mean + SD ICcC 95% CI P
Neurological examination (n = 35)
Cranial nerves R1-T1 1414 + 2.54 0.993 0.987-0.997 <.001"
R2 14.20 + 2.52
t=-0.81° P=.422
Posture R1-T1 15.85 + 2.85 0.906 0.813-0.952 <.001"
R2 15.97 + 3.30
t=-0.37 P=.71
Tone R1-T1 5.42 +1.48 0.842 0.686-0.920 <.001"
R2 5.48 +1.33
t=-0.62 P=.535
Movements R1-T1 20.71 + 2.51 0.962 0.925-0.981 <.001"
R2 21.97 + 2.26
t=-4.19 P < .001*
Reflexes & Reactions R1-T1 12 + 2.40 0.946 0.894-0.973 <.001"
R2 12.14 + 2.86
t=-0.70 P=.483
Global score R1-T1 68.20 + 9.80 0.969 0.939-0.984 <.001"
R2 69.74 +10.79
t=-2.559 P =.015*
Intra-rater reliability of the HINE in 35 high-risk infants
Components of HINE Mean + SD ICC 95% ClI P
Neurological examination
Cranial nerves R1-T1 1414 + 2.54 0.999 0.998-0.999 <.001"
R1-T2 1417 + 2.53
t=-1.000 0.324
Posture R1-T1 15.85 + 2.85 1.00 - -
R2-T2 15.85 + 2.85
t=— P=—
Movements R1-T1 5.42 +1.48 0.993 0.986-0.996 <.001"
R1-T2 5.48 +1.31
t=-1.435 0.160
Tone R1-T1 20.71 + 2.51 0.995 0.989-0.997 <.001"
R1-T2 20.80 + 2.55
t=-1.358 0.183
Reflexes & Reactions R1-T1 12 + 2.40 0.990 0.980-0.995 <.001
R1-T2 12 +2.40
t=0 1.000
Global score R1-T1 68.20 + 9.80 1.00 - -
R1-T2 68.20 + 9.80
t=— P=—

HINE, Hammersmith Infant Neurological Examination; n, number; SD, standard deviation; P: Pvalue; ICC, intraclass correlation coefficient; R1-T1, first rater’s direct
scorings; R2, second rater scores; R1-T2, second scoring of the first rater over video recording. *Pvalue is significant between the groups; °Paired ftest, P < .05, 1, f value.

Validity

MRI and GMA Findings

Nineteen infants had an MRI. Ten (52.7%) had evidence of
abnormal findings and 9 (47.3%) normal findings (Table 1). Of
the 10 infants with abnormal findings, 6 with abnormal/absent
PLIC myelin were considered high risk for developing CP (15,
16). Twenty-nine (82.9%) had FMs (F+) and 6 (17.1%) had no FMs
(F-) (Table 1).

HINE Scores and Term-Age MRI Findings

Nine infants with normal/very minor MRI findings had a mean
HINE score of 72.11 + 3.37. All had a HINE score >64 and 5 had
>73. In the 10 infants with abnormal MRI findings, the mean

HINE score was 60.00 + 14.77 (Tables 3 and 4). When the infants
with abnormal scans were divided into those with a visible PLIC
(n = 4) and those without (n = 6), the mean HINE scores were
72.25 (70-74) and 51.83 (36-74). Only 1 infant with absence of
PLIC myelin had a HINE score >64 (Tables 3 and 4).

There was a significant difference in global HINE scores
(P = .030) between infants with and without abnormal MRI
findings and between infants with and without PLIC myelin-
ization (P = .010) (Table 3). Abnormal MRI findings were
moderately compatible with low HINE scores (Cramer’s
V = 0.567). The V value was not significant (0.272) when
HINE scores were compared between infants with normal or
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Table 3. Comparison of HINE with MRI and GMs Fidgety Movements and BSID-III Cognitive, Language, and Motor Composite Scores

Comparison of HINE Scores According to MRI Findings

MRI findings Mean HINE scores + SD PMA t P
Normal scan 9 7211+ 3.37 38.60 +1.05 —2.522° .030*
Any scan abnormality 10 60.00 +14.77 38.90 + 0.87
Infants not scanned 16 7112 + 4.20 38.76 +1.05
PLIC findings in infants with Mean HINE scores + SD
abnormal scans
PLIC myelin seen 72.25 +2.75 —2.822° .010*
PLIC myelin not seen 6 51.83 +10.25
Agreement between MRI findings and HINE scores
HINE < 64 HINE > 64 Total (n =19) P
MRI findings n % n % n %
Normal 0 0 9 100 9 100 0.567 .013*
Abnormal 5 50 5 50 10 100
PLIC myelin seen 4 100 0 0 4 100 0.272 .389
PLIC myelin not seen 5 80 1 20 6 100
Comparison between HINE scores and GMA
n=35 Mean + SD t P
F+ 29 71.58 + 3.66 6.948° .017*
F— 6 51.83 +13.77
Agreement between fidgety movements and HINE scores
HINE < 64 HINE > 64 Total (n = 35) \ P
n % n % n %
F+ 1 3.4 28 96.6 29 100 0.799 <.001**
F- 5 83.3 1 16.7 6 100

BSID-I1ll cognitive, language, and motor composite scores in 35 infants at 12 months CA: correlation with the HINE global score

BSID-IIl in 35 infants at 12 months CA Mean scores + SD Correlation with global HINE scores
Cognitive composite scores 102.91 + 25.73 r=0.771; P< .001
Language composite scores 109 +19.64 r=0.553; P=.001
Motor composite scores 89.83 + 23.71 r=0.715; P< .001

correlation coefficient; PLIC, posterior limb of the internal capsule.

°Independent sample t test; BSID-III, Bayley Scales of Infant and Toddler Development, Third Edition; CA, corrected age; GMA, general movements assessments; F+,
fidgety movements present; F—, fidgety movements absent; HINE, Hammersmith Infant Neurological Examination; V, Cramer’s V coefficient; MRI, magnetic resonance
imaging; n, number; P, Pvalue; PMA, postmenstrual age at scan; r, Pearson correlation coefficient; SD, standard deviation; *t-test; P < .05%: percentage; r, Pearson

abnormal PLIC (within the group with some scan abnormal-
ity) (Table 3).

HINE Scores and GMA

Of the 29 infants with normal FMs (F+), the mean HINE score
was 71.58 + 3.66, and in the 6 infants with absent FMs, the
mean HINE score was 51.83 + 13.77. HINE scores were statisti-
cally different between infants with normal and abnormal FMs
(P = .017). Five of 6 infants with F- had HINE scores <64, while
only 1 infant with F+ movements had a HINE score <64. Thus,
83.3% of HINE scores <64 occurred in infants with F— and only
3.4% of HINE scores <64 occurred in infants with F+, a statisti-
cally significant finding (V = 0.799, P < .001) (Table 3).

HINE Scores and BSID-I1ll Data

We compared the HINE scores and BSID-IIl scores. A significant
positive correlation was found between the HINE global scores
and BSID-Ill cognitive composite scores (P < .001, r = 0.771),
language composite scores (P < .001, r = 0.553), and motor
composite scores (P < .001, r = 0.715) (Table 3). Five of 10
infants with HINE scores <64 and with MRl damage had BSID-
Ill motor scores <70 (Tables 4 and 5).
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The prognostic value of the HINE in 8- to 12-month CA infants
with a high risk of CP compared to their MRI findings, GMs,
BSID-IIl, and HINE scores is shown in Tables 3-5.

DISCUSSION

In this study, the HINE scale was translated into Turkish. We
found that the first, scorable part of the scale was reliable with
high inter-rater ICC coefficient, consistent with previous stud-
ies.””® There was a strong correlation between the 2 scorings
done by the first rater, at a 2-week interval, and the second
scoring from a video, and the scoring made by the second
rater confirming that the sub-scores of the scale can be scored
objectively in 3 separate evaluations' using video and by 2 dif-
ferent evaluators working in this specialty. When the same rater
re-scored the examination from the video at an interval of 4-6
months, there was no significant difference from the original
scoring. These data show that it is easy to apply one-to-one
or via video. A clinically insignificant difference was found in
the mean scores between raters in the tone assessment, which
might have been caused by the second-rater scoring from the
video recordings. This was in concurrence with the previous
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Table 4. Detailed Comparlson of HINE Optimality Score at 8-12 Months CA with Term-Age MRI Findings, GMs Fidgety Movements, and

12-month BSID-III Scores

Optimal Score

MRI Findings (n = 19) (73 or above)

Suboptimal Score

Suboptimal Score
(52-63.9)

Suboptimal Score

(64-72.9) (<52)

Normal (n =9)

Abnormal (n =10)

PLIC myelin seen oo

PLIC myelin not seen .

Fidgety movements (n = 35)

F+ (n = 29)

F— (n=6) .

BSID-Ill scores
(n=19)

Cognition

Score > 70

Score <70

Language

Score > 70

Score <70

Motor

Score > 70

Score <70

PLIC, posterior limb of the internal capsule; F+, fidgety movements present; F—, fidgety movements absent; BSID-Ill, Bayley Scales of Infant and Toddler Development,
Third Edition; HINE, Hammersmith Infant Neurological Examination; MRI, Magnetic Resonance Imaging; CA, corrected age; GMs, general movements; n, number.

studies, where infants were evaluated for inter-observer agree-
ment by 2 raters and they found that the interobserver correla-
tion coefficient was close to 1.7

In terms of construct validity, the HINE cut-off value’s pre-
dictive ability for CP compared to MRI and FMs agreed with
the literature.®®® GMA, HINE, and MRI assessments have
been tested in high-risk infants demonstrating high sensitiv-
ity and specificity for detecting CP as early as 3 months CA
for FMs, 5 months for the HINE, and term-age for the MRI.
International Clinical Guidelines for the early identification
of CP recommend the use of neuroimaging, Prechtls’ GMA,
and HINE.**?° |n our study, HINE scores were significantly
lower in patients with MRI evidence of damage, compat-
ible with the literature, and even more so, when the HINE
scores were compared between infants with and without
PLIC. It is well accepted that the absence of myelin in the
PLIC at term age is a strong predictor of CP, better than an
abnormal scan. As a result, the HINE was able to distinguish
those with a higher risk of CP and vice versa compared to
the MRI findings. Inevitably, not one test is perfect in predict-
ing CP, and a combination of MRI findings, HINE score, and
GMs are more accurate.?”? Morgan et al® emphasized that
9-16% of infants with CP showed no detectable changes on
MRI scanning. Those with hypotonic or ataxic forms are over-
represented in this group. Therefore, a normal MRI cannot
absolutely exclude the clinical diagnosis of CP.2-2°* Our results
were consistent with the good correlation between high-
risk term age MRI findings and HINE results. Combination
of neurological examination and brain imaging improved
the prediction for abnormal outcome. The absence of FMs
was associated with a high risk of CP as predicted from the
HINE score in our study.®*% Infants with F+ had significantly

higher HINE scores than those with F— (6, 21) but again the
correlation was not perfect. But when comparing HINE scores
(<64 or >64) between infants with normal or abnormal PLIC
in this study, it was not predictive whether infants could walk
independently between 9 and 18 months as Frisone et al’s
study.” This suggested that infants without PLIC should be
followed up by increasing the sample size.

A standardized neurological examination combined with brain
MRI/cUS was shown to improve the predictive value of brain
MRI/cUS alone in terms of neurosensory outcomes in preterm
infants.”” Our predicted outcomes were not identical for MRl and
FMs and we also detected developmental risk via HINE scores in
infants with normal MRI findings/normal FMs, and vice versa.

Interestingly our results showed a strong linear relationship
between the cognitive, language, and motor composite scores
of the BSID-IIl and HINE, which supports recent data showing
that early motor-cognitive assessments can be used for early
prediction of CP.?228 Similarly, it was reported that the HINE could
provide prognostic information on neurodevelopmental out-
come in a population of infants born preterm with/without CP.%

One of the limitations of the study was that when document-
ing HINE scores during the examination, we observed that
the time taken caused some distraction/irritation in infants.
Next, the reliability and validity testing of the HINE was only
performed in 8- to 12-month-old CA infants and we did not
include a control group. These issues will be addressed in a
subsequent study evaluating 3- to 12-month-old high-risk
infants and healthy peer aged. This preliminary study was
hampered by the small sample size. Also, the physiotherapist
undertaking the BSID-IIl was not blind to findings from the
other evaluations.

157



Turk Arch Pediatr 2022; 57(2): 151-159

Turkish Validity and Reliability of the Hammersmith Infant Neurological Examination (HINE)

‘swpJBo|y ‘B ‘shop ‘p ‘960 pnijsuswysod ‘YN LdabW aHYM WM ‘@Bp |puoliplsab Joy ||bws ‘YOS ‘ewolpuAs ssausip Alojoaidsal ‘SQy ‘Plop|pWoNNS|
ap|nouguaAiad o1ysAd “Ad ‘PaUp JpNdLIUBALISd ‘YA ‘seubiquiaw jo aunjdna ainjpwald WOYd ‘B|nsdod |puisjul 8y} Jo quui| Joliaysod ‘D|1d ‘uondnigp |piusdp|d ‘Yd ‘UOD|IUSA [PIIUBYdSW ‘AW ‘BulBowi soupuosal
JleUBDW ‘YW ‘D|PW ‘W ‘@BDpYIIoWaY JDINDLIJUSADILUL ‘HA| ‘UOLIDPIDIRI YIMOIB aulIajnbIiul ‘YO UOIDUIWDXT [0160]|0INaN JUDJU| YHWSISWWDH ‘NH ‘Sjuawarow [piauab ‘syyo 9bo |puolpisab ‘yo {Juasqp sjusauwaow

AyoBpy ‘—4 ‘yussaid sjuswanow ApebBpy ‘+4 ‘sjpway ‘4 JybBram yiiq mo| Ajswauyxs ‘Mg ‘s9403s ajisodwo) uolips paiy; ‘juswdolaasg J9|pPpPo) PUD jupju| Jo sa|0dg AsjApg ‘|||1-q|ISg ‘Pisp|dsAp Aupuowindoysuoiq ‘adg

19 ol oL vL +4 LN I-HAI ‘Aanfur wm sisneg | oF $9403s Uobdy mo| pixAydsy SLT W/8€

or /L s vy -4 OoN Z-HAI ‘Anfur wm sueneg or PL < AW ‘uiqnuijiq ybiy pixAydsy vTe W/8¢€

6L ¥l g6 0L +4 BN IAd 401id)s0d 6€ VoS S6°L 4/9¢€
[oJ24p]Iq PL < AW YHiq odynw

L0L 98 ool 1L +4 SOA uljeAw YAd padnpay 8¢ WOJd ‘Mg13 ‘stiuoluwpoLioyd 850 4/5¢2

(4 ol g9 s -4 ON A L€ PL<AW ‘WO¥dd ‘Yiiq a1dunpy ‘say Al W/62

IAd +AlsuajuliadAy
6L 6L 06 vL -4 OoN [P214102gNs [Piao|ig 6€ P£ < AW ‘PixAydsy ‘Yuig sjdiynpy 9z W/¥€
Aomyypd Jojow

14 16 SS 9€ -4 ON VAd Ul uljpAw pasnpay 6€ PZ < AW ‘YHiq sidynw ‘aani 'vos 0S5 4/5¢€

Va4 29 GS 144 - ON €-HAI 6€ P £ < AW ‘YHiq s|dynw ‘¥on| ‘voOs 0€°'C 4/s€
‘SUOIS|NAUOD

14 LL Gs 19 -4 OoN €-HAI 6€ P£ < AW ‘sisdes sijuoluwolioyd 09C 4/8¢€
[oJ4240]1q — VA adg

g8 81l oL vL +4 SOA ur ulpAw pasnpay 6€ ‘PL < AW ‘suois|nauod ‘sisdes mg13 ‘vd 00°'L 4/82

91028 94028 94028 useg s)yo9M ul
Jojopw abonbup aAlubo) $3102§ FTEYAN) upog (6) 1ybrom

n-aisa n-aisa -aIsa | IP9e19 ANIH | SWD |  2I1d abowpq AW | 1P YWd | JISIY [pspuLIad /ys1Y |PypUa.d ‘sisoubpiqg ysig X35/V9

meEUﬂ 1AW Yim w._.:Uu.:_ ol mo mom._.m_._w._.oo._Ur_U

€0l Sll orl 9L +4 SOA oN L€ WO¥d +Md13+say ol 4/82

76 901 sol £9 +4 SOA oN oy oixAydsy 8Y'E 4/6€

76 g€l ozl 1L +4 SoA oN L€ say eVl 4/1€

8Ll zi Gel 1L +4 BN oN L€ add 9'l W/LE

i vzl ozl vL +4 SOA OoN 8¢ MET+ :WOYd +Say 60'l W/8T

G8 16 g6 £9 +4 SOA ON 8¢ ddd ol W/92

ol Gel orl S/ +4 N oN oy pIxAydsy g€ W/6€

vl ool ozl €L +4 SOA oN 6€ oixAydsy €€ W/8€

L6 9oL (o3} 74 +4 SOA ON h4 oixAydsy 8T 4/0v

21028 910§ 91028 uaag s)ya9M ul
Jojow abpnbup aAlIubo) saJloog VTEYAN up>g ys1Y [pypuLIdd /sty | (BY) 1ybiom
n-aisg n-aisg -aisa | IP9e19 ANIH | SWD |  2ITd Aypwiouqy [3W | 0 YWd |pypua.q ‘sisouboiqg ysng EEIVATD)

abpwbq [YW tNOYHM SHUDSU| 6 JO SOUSLISEIRIDYD

9By JUS|DAINDT-WIS 1O YN YHM SIUDJU 6L JO SIHSHISIODIOYD *G 3|qpL

158



Turk Arch Pediatr 2022; 57(2): 151-159

Adigiizel et al.

CONCLUSION

It is concluded that the Turkish translation of the HINE has high
inter-rater and intra-rater reliability. It is reliable and suitable for
repeated measurements in clinical studies by the same/differ-
ent raters. We found a high level of concordance and concurrent
validity between the global HINE scores obtained by the physio-
therapist assessment and MRI, GMA, and BSID-IIl assessments.
This study provides strong evidence that the HINE is a reliable and
valid measurement that can be used in the examination of infants
at high-risk of neurodevelopmental problems. It supports the effi-
cacy of the translation and confirms that the HINE works in the
Turkish population. Our findings should encourage physicians and
therapists to include the HINE in their follow-up practices in Turkey.
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