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Abstract
In this study we applied the ‘floppy module’, originally developed for newborns with hypotonia, to older infants in order to
establish the range of findings in both low-risk infants and in those with hypotonia due to different etiologies. Data were col-
lected from 413 assessments obtained in 159 low-risk infants assessed at different ages between the age of 3 and 24 months.
The distribution of findings in the low-risk infants was similar to the data previously obtained in low-risk newborns, with all
assessments having optimal findings (column 3) on all items. The only item with a small number of findings outside column
3 was tendon reflexes. The module was also applied to a cohort of 57 infants with hypotonia older than 3 months in order to
identify individual items that may be useful in differential diagnosis. Items assessing antigravity movements were the most
sensitive to identify neuromuscular disorders. Dysmorphic features and other organ involvement were most suggestive of
genetic disorder, while seizures were a reliable indicator of CNS involvement.

Conclusion: Our findings suggest that the neonatal floppy module can be reliably administered also in infants from the age
of 3 months. The pilot application of the module in infants with hypotonia from the age of 3 months also suggested that the
module could be used to help the clinician in the differential diagnosis of infants with hypotonia.

What is Known:

e Hypotonia is a relatively common finding in the neonatal period and can be due to multiple causes.

e As hypotonia can be observed also after the neonatal period and clinicians often face the challenge of differential diagnosis, the question has
arisen whether the ‘floppy module’ validated in newborns could also be used in infants.

What is New:

o Most of the infants with hypotonia, between the age of 3 to 24 months, have a diagnosis of neuromuscular disorders.

® Most of the infants with CNS involvement and with genetic diagnosis, who may have shown hypotonia in the neonatal period, by 6 to 12
months have normal or increased tone.
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HINE Hammersmith infant neurological
examination

HNNE Hammersmith neonatal neurological
examination

NMD Neuro-muscolar disorders

SMA Spinal muscolar atrophy

SMARDI  Spinal muscular atrophy with respiratory
distress type 1

Introduction

Hypotonia is a relatively common finding in the neonatal
period and can be due to multiple causes, including not only
peripheral involvement of muscle, nerve, or motoneurons but
also syndromic and metabolic diseases [1-5]. In a number of
cases, it can also be found in newborns with central nervous
system involvement, including some who will later develop
spasticity [6-8]. Several studies have emphasized that a thor-
ough clinical examination is essential for differential diagnosis
and can aid in distinguishing features of central versus periph-
eral nervous system involvement [1-5].

In a previous study, we proposed a new module specifically
designed to be used in the neonatal period in newborns with
hypotonia, reporting its application to a cohort of 143 low-risk
newborns and in 24 floppy newborns with different conditions
(neuromuscular disorder, genetic conditions, hypoxic ischemic
encephalopathy, CNS malformations and metabolic disease)
[9]. The module was developed to be easily used in a clinical
setting as an add-on module to the main Hammersmith neona-
tal neurological examination (HNNE), providing extra items to
identify signs suggestive of neuromuscular conditions [9]. The
neonatal module has been increasingly used in neonatal units
and has also been applied to newborns with spinal muscular
atrophy identified by neonatal screening [10, 11].

As hypotonia can be observed also after the neonatal
period and clinicians often face the challenge of differen-
tial diagnosis, the question has arisen whether the ‘floppy
module’ validated in newborns could also be used after the
neonatal period.

The aim of this study was to apply the same module in
low-risk infants in order to establish the reproducibility of
the scoring system after the neonatal period. The module
was also administered to a cohort of infants presenting with
hypotonia at or after 3 months of age to assess whether the
included items could help identify potential differences
among patients with varying diagnoses.

Materials and methods
The present study was part of a larger follow-up research

project carried out at our unit aimed to validate neonatal and
infant neurological examinations. The study protocol was
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approved by the ethics committee of our institution (Fon-
dazione Policlinico Gemelli) (ID 0036454/22), and informed
written consent was obtained from the parents in all cases.

Floppy module

The main section of the module includes 11 items. Nine of
the 11 assess antigravity movements and contractures (in
both upper and lower limbs), tendon reflexes, facial muscles,
respiratory pattern, and sucking and swallowing. This sec-
tion also includes two items on possible antenatal findings
(fetal movements and amniotic fluid).

The 11 items can be scored reporting the findings in each
item on one of the three columns in the form. These were
based on the distribution of findings in a cohort of low-risk
infants: the first column includes findings considered sub-
optimal, i.e. those who were found in less than 5% of the
low-risk newborns, the second column is for intermediate
findings (found in more than 5% but less than 15%), and the
third column includes the findings that are considered opti-
mal. The add-on module can be easily administered within
3 min.

The module also includes a separate section to focus on
other aspects, captured by the main neurological examina-
tion, that could contribute to identify specific signs for dif-
ferential diagnosis.

Application of the neonatal module to older low-risk
infants

The scoring system of the form was based on the distribu-
tion of findings originally obtained in low-risk newborns; in
order to confirm that a similar distribution was also appli-
cable to infants beyond the neonatal period, we applied the
module to a cohort of low-risk term-born infants used as
controls in a parallel study, with no antenatal or perinatal
risk factors, a normal neurological examination and a typical
neurodevelopmental outcome at 24 months. As infants born
prematurely tend to have some degree of hypotonia in the
neonatal period that may persist beyond the neonatal period,
we also applied the tool to a separate cohort of low-risk
preterm infants, therefore excluding those with abnormal
findings at the cranial ultrasound scans, such as grade II-IV
hemorrhages or moderate/severe white matter lesions.

Clinical and demographic information was routinely
collected.

Pilot application to floppy infants after the neonatal
period

The ‘floppy module’ was subsequently applied to a cohort of
infants who had signs of generalized hypotonia on the main
neurological exam (HINE), irrespective of their diagnosis,
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followed in our outpatient clinics following infants and chil-
dren with neuromuscular disorders, cerebral palsy (CP), and
genetic disorders.

Statistical analysis

Demographic and clinical features were summarized using
frequencies and percentages for categorical variables and
means with standard deviations for continuous variables.
The diagnostic performance of the module for detecting
neuromuscular disorders was evaluated through the calcu-
lation of sensitivity and specificity metrics. Sensitivity was
defined as the proportion of true positive cases (patients with
confirmed neuromuscular disorders correctly identified by
the module) among all patients with actual neuromuscular
disorders, representing the module’s ability to correctly
identify disease presence. Specificity was calculated as the
proportion of true negative cases (patients without neuro-
muscular disorders correctly classified as negative by the
module) among all patients without the condition, indicating
the module’s capacity to correctly exclude disease absence.

Results
Application to low-risk infants: term born infants

Data were collected from 192 longitudinal assessments,
obtained by a total of 48 low-risk infants (F=20; M =28)
with no comorbidities reported, assessed at different time
points (3, 6, 9 and 12 months). Gestational age ranged from
37 to 41 weeks (mean 38.20 & 1.28). Birth weight for GA, n
(%): 47 (98.92%) AGA, 1 (2.08%) SGA. All low-risk term
infants had findings in column 3 in all items, except for the
item assessing tendon reflexes, with three assessments (2%)
showing decreased reflexes (column 2).

Application to low-risk infants: prematurely born
infants

Data were collected from 221 assessments, obtained by a
total of 111 low-risk preterm infants (F=63; M=75). Of
the total cohort, 38 have been clinically evaluated once, 43
were evaluated longitudinally twice, 23 were seen longitudi-
nally three times, and seven were seen at four different time
points. The demographic characteristics of the sample are
reported in Table 1.

All prematurely born infants had findings in column 3 in
all items, irrespective of the gestational age at birth, with
the exception of the item assessing tendon reflexes. In 32
assessments (15%), reflexes were reported as mildly brisk
and easily elicitable. Table 1 shows details of the character-
istics of the population.

Table 1 Characteristics of the low-risk preterm cohort in the whole
cohort (GA = gestational age, AGA =appropriate for gestational age,
SGA =small for gestational age)

Low risk preterm cohort (n =111)

Gender n (%) Male 48 (43%)
Female 63 (57%)
Gestational age n (%) Extremely preterm (<28 28 (25%)
wk)
Very preterm (28-31 wk) 75 (68%)
Moderate preterm (32-33 5 (5%)
wk)
Late preterm (32-36 wk) 3 (3%)
Birth weight for GAn (%) AGA 82 (77%)
SGA 24 (23%)
5" APGAR for GA Mean Extremely preterm (<28 7,84 (1,16)
(SD) wk)
Very preterm (28-31 wk) 8,34 (1,21)
Moderate preterm (32-33 8,25 (0,95)

wk)
Late preterm (32-36 wk) 9 (0)

Pilot application in hypotonic infants

Hypotonia at the age of 3 months or later was found in 57
patients, 43 with a diagnosis of NMD, seven of genetic syn-
dromes (Down syndrome and Prader-Willi syndrome) and
seven had cerebral palsy (CP).

The neuromuscular cohort included 43 patients who
were assessed at several times, for a total of 150 assess-
ments within the second year of life. These included infants
affected by SMA I (72%), congenital myopathies (14%),
SMARDI1 (7%), and myotonic dystrophy (5%). In all the
assessments, there was persistence of hypotonia, irrespec-
tive of the age.

The CP group included seven patients. The assessments
showing persistent hypotonia were all performed < 12
months; in the follow-up assessments, the tone was gradu-
ally increasing in all CP patients.

The syndromic cohort included seven patients for a total
of 19 assessments.

Table 2 gives the frequency distribution of findings on the
floppy infant module in the clinical subgroups, according to
the final diagnosis.

Infants with neuromuscular disorders frequently dem-
onstrated multiple abnormal findings, particularly in items
evaluating weakness, contractures, and antenatal history.
Among those with abnormal findings who underwent
repeated evaluations, results were consistently concordant
across different ages.

The diagnostic performance metrics demonstrate sub-
stantial variability across clinical features and diagnos-
tic categories. For NMD, sensitivity values ranged from
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Table 2 Frequency distribution
of findings on the floppy

Neuromuscular Cerebral palsy Genetic

infant module in the clinical 150 assess- 7 assessments/7 patients 19 assess-
subgroups, according to the mef‘“/ 43 mepts/ 7
final diagnosis patients patients
Antigravity movements (lower limbs) Normal 32 (21%) 7 (100%) 19 (100%)
Abnormal 118 (79%) 0 (0%) 0 (0%)
Antigravity movements (upper limbs) Normal — 84 (56%) 7 (100%) 19 (100%)
Abnormal 69 (44%) 0 (0%) 0 (0%)
Tendon reflexes Normal 0 (0%) 7 (100%) 13 (68%)
Abnormal 150 (100%) 0 (0%) 6 (32%)
Contractures lower limbs Normal 98 (65%) 7 (100%) 19 (100%)
Abnormal 52 (34%) 0 (0%) 0(0%)
Contractures upper limbs Normal 122 (81%) 7 (100%) 19 (100%)
Abnormal 28 (19%) 0 (0%) 0 (0%)
Facial muscles Normal 87 (58%) 7 (100%) 7 (37%)
Abnormal 63 (32%) 0 (0%) 12 (63%)
Respiratory pattern Normal 11 (7%) 7 (100%) 18 (95%)
Abnormal 139 (93%) 0 (0%) 1(5%)
Sucking Normal 66 (44%) 4 (57%) 15 (79%)
Abnormal 84 (56%) 0 (0%) 4 (21%)
Swallowing Normal 71 (47%) 6 (86%) 17 (90%)
Abnormal 79 (53%) 1 (14%) 2 (10%)
Reduced fetal movements Normal 118 (79%) 7 (100%) 19 (100%)
Abnormal 32 21%) 0(0%) 0 (0%)
Amniotic fluid Normal 132 (88%) 7 (100%) 19 (100%)
Abnormal 18 (12%) 0(0%) 0 (0%)
Seizures Normal 150 (100%) 2 (29%) 19 (100%)
Abnormal 0 (0%) 5(71%) 0 (0%)
Dysmorphism Normal 150 (100%) 7 (100%) 0 (0%)
Abnormal 0 (0%) 0 (0%) 19 (100%)
Other organ involvement Normal 150 (100%) 7 (100%) 0 (0%)
Abnormal 0 (0%) 0 (0%) 19 (100%)

0.0 to 1.0, with respiratory pattern achieving the highest
combined performance (sensitivity 0.92, specificity 0.96).
Five features exhibited perfect specificity (1.0): antigravi-
tary movements, contractures, reduced fetal movements,
amniotic fluid abnormalities, and dysmorphism, while
their corresponding sensitivities varied dramatically from
0.0 to 0.81. Tendon reflexes demonstrated perfect sensi-
tivity (1.0) paired with moderate specificity (0.76). Three
features (seizures, dysmorphism, other organ involvement)
showed zero sensitivity for NMD detection.

For genetic conditions, performance metrics exhibited
a bimodal distribution. Dysmorphism and other organ
involvement achieved perfect performance across both
sensitivity and specificity (1.0), while facial muscles
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demonstrated moderate values (sensitivity 0.63, specificity
0.59). The remaining features displayed sensitivity values
ranging from 0.0 to 0.31, with specificity values spanning
0.04 to 0.96. Notably, six features registered zero sensitiv-
ity for genetic condition detection.

CP detection showed predominantly low sensitivity values,
with ten of twelve features demonstrating zero sensitivity.
Seizures provided the highest sensitivity (0.71) with perfect
specificity (1.0), while sucking achieved moderate sensitiv-
ity (0.42) with specificity of 0.47. Specificity values for CP
detection ranged from 0.07 to 1.0, with four features achieving
values above 0.80.

Table 3 shows the sensitivity and specificity of the indi-
vidual findings.
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Table 3 Sensitivity and specificity of the individual findings

Neuromuscolar Cerebral palsy Genetic

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
Antigravitary upper/lower movements 0.81 1 0 0.22 0 0.27
Tendon reflexes 1 0.76 0.31 0.04 0 0.07
Contractures upper/lower limbs 0.37 1 0 0.64 0 0.69
Facial muscles 0.42 0.53 0.63 0.59 0 0.55
Respiratory pattern 0.92 0.96 0.05 0.11 0 0.17
Sucking 0.56 0.73 0.21 0.44 0.42 0.47
Swallowing 0.52 0.88 0.10 0.49 0.14 0.52
Reduced fetal movements 0.21 1 0 0.79 0 0.81
Amniotic fluid 0.12 1 0 0.88 0 0.89
Seizures 0 0.19 0 0.96 0.71 1
Dysmorfism 0 0.26 1 1 0 0.88
Other organ involvement 0 0.26 1 1 0 0.88

Discussion

The HNNE and the infant version (HINE), to be used after
the neonatal period, were developed as structured scorable
examinations that include several aspects of neurological
function (tone, behavior, movements etc.). The combined
sequential use of HNNE and HINE allows one to follow the
evolution of neurological signs and has mostly been used
worldwide in the follow-up of both low-risk preterm and
full-term infants with brain lesions [12]. As hypotonia is
common in the neonatal period, the ‘floppy module’ was
developed to complement the HNNE with additional items.
The new items provide information on aspects of neurologi-
cal signs that are more relevant to newborns with neuromus-
cular disorders or other diagnoses such as genetic disorders
[9]. The question has arisen of whether the ‘floppy module’,
originally developed and validated for the neonatal period
only, could also be used in conjunction with the Hammer-
smith infant neurological examination (HINE) [13, 14], for
the differential diagnosis after the neonatal period.

Our study shows that the floppy module, initially devel-
oped for neonates, can be reliably applied also to older
infants. Its application to a cohort of low-risk infants born
at term age assessed at the age of 3 months or after showed
that, similarly to what was observed in low-risk newborns
[9], all the items had always findings in the 3rd column (opti-
mal), irrespective of the age at assessment. Only 2% scored
in the 2nd column (suboptimal) in one item, with none scor-
ing in the first column in any item. The only item in which
there were findings in the 2nd column was ‘reflexes’ as in a
small proportion of infants these could be ‘felt” but not seen
as observed in the validation.

As there is evidence that infants born prematurely have a
different pattern of findings in the items assessing tone and
other neurological aspects compared to term-born infants

[15, 16], we also investigated possible differences in the
items included in the floppy module. The scores obtained in
the infants born prematurely, however, did not show obvious
differences with those obtained in term infants. This held
true in the whole cohort, irrespective of their gestational
age at birth or post-natal age at assessment. The only differ-
ence was related to the item assessing reflexes, as none of
the prematurely born infants had weak reflexes and 15% had
minimally brisk reflexes as often observed in prematurely
born infants [17-19].

These results therefore suggest that, as reported for the
neonatal module, signs of contractures, weakness, or other
abnormal signs assessed by the module do not generally
occur in a low-risk cohort, irrespective of their gestational
age at birth. Their presence, especially if abnormal scores
are found in more than one item, should therefore always
raise concern.

The application of the module to infants who were found
to have generalized hypotonia on the HINE provided addi-
tional information that could be used for differential diag-
nosis. It is not surprising that, between the age of 3 and
24 months, most of the infants with hypotonia had a diagno-
sis of neuromuscular disorders. These numbers partly reflect
the fact that most of the infants with CNS involvement, who
may have shown hypotonia in the neonatal period, by 6 to
12 months have normal or increased tone. The same also
applies to some genetic diagnoses that are also associated
with gradual improvement of the neonatal hypotonia.

Even with these limitations, the application of the floppy
module helped to highlight which signs are more relevant
in the differential diagnosis. We confirmed that antigravity
movements, followed by contractures, were the most sensi-
tive signs to identify patients with NMD and these were
not age specific. The specificity of antigravity movements
to detect a neuromuscular disorder was 1 with also a high
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sensitivity, indicating that while absent antigravity move-
ments were always specifically associated with a NMD (true
positive rate of 100% among those with absent movements),
their presence cannot always exclude a NMD (meaning some
patients with NMD still retained antigravity movements,
resulting in false negatives). This was generally occurring
in infants with congenital myopathies and milder myotonic
dystrophies. The assessment of antigravity movements in the
floppy module is different from those assessing quantity and
quality in the main HINE examination. It is only the detec-
tion of absent/severely reduced antigravity movements that
indicate weakness and therefore neuromuscular disorders.
In contrast, reduced movements, such as poor repertoire or
other abnormal patterns, if associated with even isolated
antigravity movements, are more suggestive of other causes,
such as brain lesions.

Not surprisingly, the presence of dysmorphisms and other
organ involvement was most suggestive of genetic disorder
[20]. These features demonstrated perfect sensitivity and
specificity (1.0 each), meaning they correctly identified all
genetic disorder cases when present (no false negatives) and
were never found in non-genetic cases (no false positives).
Other signs, such as sucking and swallowing abnormali-
ties, were common across different diagnoses (showing low
specificity due to high false positive rates across multiple
conditions).

The presence of seizures was a reliable indicator of CNS
involvement as was mainly found in infants who developed
CP. Seizures showed high specificity for CP detection (1.0),
meaning no infants without CP exhibited seizures (zero false
positives), though the moderate sensitivity (0.71) indicates
that approximately 29% of CP cases did not present with
seizures (false negatives). The number of infants affected by
CP who showed hypotonia later in the first months of age
was relatively small as the great majority of the infants who
develop CP and have neonatal hypotonia generally show a
gradual increase in tone over the first months after birth.
This held true in our cohort as the assessments showing
hypotonia were all performed before the age of 12 months
and, in the same infants, the subsequent examinations
showed a gradual increase in tone [21]. Interestingly, all
these patients had mild to moderate white matter lesions and
ventricular dilatation and none had the more severe white
matter changes or basal ganglia lesions that are known to
be associated with an earlier onset of hypertonia [22, 23].

In conclusion, our new findings suggest that the neonatal
floppy module can be reliably administered also in infants
between 3 and 24 months, as the distribution of findings in
the low-risk older cohort was similar to the neonatal one,
irrespective of the age at assessment or of the gestational age
at birth. The pilot application of the module in infants with
hypotonia at the age of 3 months or later also suggested that
the module could be used to help the clinician to perform an
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accurate differential diagnosis in case of hypotonia. Imple-
mentation of this tool in clinical practice could also be useful
in assessing response to therapy, especially in floppy infants
with genetic syndromes such as spinal muscular atrophy for
which therapies are now available. More structured studies
using new genetic tools in larger cohorts could help to better
characterize the spectrum of clinical phenotypes and etiolo-
gies associated with hypotonia [24-26].
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