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A B S T R A C T   

Background: Muscle tone is an indispensable element in motor development. Its assessment forms an integral part 
of the infant neurological examination. Knowledge on the prevalence of atypical tone in infancy is lacking. 
Aim: To assess the prevalence of atypical muscle tone in infancy and of the most common atypical muscle tone 
patterns, and associations between atypical tone and perinatal risk and neurodevelopmental status. 
Study design: Cross-sectional study. 
Subjects: 1100 infants (585 boys; gestational age 39.4 weeks (27.3–42.4)), 6 weeks–12 months corrected age, 
representative of the Dutch population. 
Outcome measures: Muscle tone and neurodevelopmental status were assessed with the Standardized Infant 
NeuroDevelopmental Assessment (SINDA). Perinatal information was obtained by questionnaire and medical 
records. Univariable and multivariable statistics were applied. 
Results: Ninety-two infants (8%) had atypical muscle tone in 3–4 body parts (impaired pattern), while atypical 
muscle tone in 1–2 body parts was observed in 50%. Isolated leg hypotonia and isolated arm hypertonia were 
most common. Isolated arm hypertonia and the impaired pattern were most clearly but only moderately asso-
ciated with perinatal risk. These patterns were also most clearly associated with lower neurological scores. Only 
the impaired pattern was associated with lower developmental scores. 
Conclusion: Atypical muscle tone in one or two body parts is common in infancy and has in general little clinical 
significance. This finding corresponds to the well-known high prevalence of a typical but non-optimal neuro-
logical condition. Eight percent of infants show atypical muscle tone in 3–4 body parts. This clinically relevant 
pattern is associated with perinatal risk and less favourable neurodevelopmental status.   

1. Introduction 

Motor development in infancy is a complex process in which many 
elements are involved. Muscle tone is one of them. Most muscles are 
always more or less active, i.e., in some degree of contraction. Muscle 
tone is therefore defined as the continuous and passive partial contrac-
tion of the muscles, or as the resistance of a muscle to passive stretch 
during resting state [1]. Muscle tone plays a pivotal role in postural 

control and performance of movements [2]. It is continuously affected 
by a feedback loop between the brain and the peripheral nervous system 
[3]. Any disturbance in this feedback cycle may result in atypical muscle 
tone: hypotonia, hypertonia or changing muscle tone. 

Hypotonia is too low muscle tone, implying an abnormally low 
resistance during passive movements. Hypotonia frequently occurs in 
infants below the age of 6 months and is of little clinical significance in 
the absence of other neurological signs [4,5]. Hypotonia is considered 
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atypical when associated with motor developmental delay [3], is very 
pronounced (‘floppy infant’) [6], or if it occurs in combination with 
other neurological signs, such as abnormal reflexes or lack of muscle 
strength [7,8]. Known risk factors for hypotonia are preterm birth [9], 
prenatal drug exposure [10], and acute infectious diseases [11]. 
Neurological disorders that often present with hypotonia are for 
instance congenital myotonic dystrophy, myasthenia gravis, and cere-
bral palsy (CP) [6,7]. 

Hypertonia is defined as an abnormally high resistance during pas-
sive movements [12]. Hypertonia starting from birth is relatively rare 
and is often associated with serious neurological pathology [4,13], such 
as a brain lesion or a metabolic disorder [13]. Infants who later are 
diagnosed with spastic CP often do not present with hypertonia in early 
life [8,13,14]. 

Muscle tone assessment is an integral part of the infant neurological 
examination. It is well-known that many infants show one or two signs 
of atypical neurological function and that generally only a combination 
of multiple signs of atypical neurological function is associated with 
increased risk of neurodevelopmental disorders [15]. Yet, specific data 
on atypical muscle tone in infancy are lacking. The IMP-SINDA project 
offers an excellent opportunity to fill this knowledge gap. In the IMP- 
SINDA project we collected norm data for the Infant Motor Profile 
(IMP) [16] and the Standardized Infant NeuroDevelopmental Assess-
ment (SINDA) [17]. SINDA is a recently developed reliable and valid 
neurodevelopmental assessment that has been designed for infants aged 
6 weeks to 12 months [17,18]. Therefore, we focussed on the infants in 
this age range. SINDA’s neurological scale includes the assessment of 
muscle tone [17]. We addressed the following questions: (1) What is the 
prevalence of atypical muscle tone in infancy; (2) What are the most 
common patterns of atypical muscle tone distribution across the body in 
the general infant population; (3) Are particular atypical muscle tone 
patterns associated with a) the infant’s age; b) perinatal risk; and c) 
lower scores in other neurological domains and on the developmental 
scale? We hypothesized that in the general population (a) the prevalence 
of atypical muscle tone is not associated with the infant’s age, as infants 
may grow into and out of neurological impairment, (b) atypical muscle 
tone is associated with perinatal risk, and (c) with lower scores on 
SINDA’s neurological domains and developmental scale. 

2. Material and methods 

2.1. Participants 

The participants were the 1100 infants of the IMP-SINDA project 
aged 6 weeks to 12.5 months. Inclusion criteria for the IMP-SINDA 
project were: (corrected) age between 6 weeks and 18.5 months (cor-
rected age (CA) in infants born before 37 weeks of gestation), living in 
one of the three northern provinces of the Netherlands and having 
caregivers with sufficient comprehension of the Dutch or English lan-
guage to give informed consent. Infants were excluded in case they were 
too ill to be assessed (due to e.g. severe congenital heart disease with 
insufficient oxygen saturation). Infants were recruited at well-baby 
clinics and by advertisements. The IMP-SINDA project included 100 
infants per age month [19,20]. The infant’s age in a specific age month 
category ranged from 2 weeks prior to CA in months to 2 weeks after that 
age; for example, 3 months CA ranged from 2 months and 15 days to 3 
months and 14 days. All ages mentioned in the text are corrected ages. 

2.2. Procedures 

Assessments took place between January 2017 and March 2019 at 
the Institute of Developmental Neurology, University Medical Centre 
Groningen, at well-baby clinics, or at the infants’ homes, depending on 
caregivers’ preferences. Each infant was assessed once. All infants had a 
SINDA performed by a trained member of the IMP-SINDA project team. 
Assessments were video-taped and supervised by an expert (MHA or 

KRH). The assessors were not aware of the clinical history of the infants. 
The Medical Ethical Committee of the University Medical Centre Gro-
ningen (UMCG) approved the study design (approval number: METc 
2016/294). All caregivers provided written informed consent. 

2.3. Assessments 

All caregivers filled out a questionnaire on socio-economic back-
ground and perinatal events. In case of perinatal complications, medical 
records were consulted. On the basis of the perinatal information a 
composite perinatal risk score (range 0–23; labelled perinatal risk score) 
was computed, with higher scores indicating higher perinatal risk (for 
details see legends of Table 1). 

The SINDA is a neurodevelopmental assessment for infants aged 6 
weeks to 12 months. It consists of a neurological, developmental, and 
socio-emotional scale. SINDA can be performed in virtually any envi-
ronment, provided that there is not too much distraction. The three 
scales can be assessed in isolation and in combination [17,18]. In the 
present study only the neurological and developmental scales of the 
SINDA were used to characterize the infant’s current neuro-
developmental status. The neurological scale contains 28 items which 
constitute five domains: (A) spontaneous movements (eight items), (B) 
cranial nerve function (seven items), (C) motor reactions to postural 
stimulation (five items), (D) muscle tone (four items; labelled muscle 
tone domain), and (E) reflexes (four items). Each item is scored as pass 
(typical = 1) or fail (atypical = 0). A total neurological score and five 
domain scores can be calculated by adding the items scored as passed. 
Maximum total score is 28 and a score of ≤21 indicates an increased risk 
of developmental disorders [17,18]. A prerequisite for the performance 
of a neurodevelopmental test is that the infant is in an adequate 
behavioural state, i.e., awake and not crying. 

Muscle tone in SINDA is assessed with four items; one item for each 
of the following body parts: neck and trunk, arms (shoulders, elbows, 
wrists), legs (hips and knees), and ankles. Muscle tone is assessed by 
evaluating the resistance during passive movements. In the youngest 
infants, i.e., infants who can be easily assessed in supine, the evaluation 
of muscle tone of the limbs also includes arm and leg traction. Like the 
other SINDA items, each tone item is scored as typical (moderate and 
symmetric resistance against passive movements) or atypical. Atypical 
tone implied a muscle tone other than normal tone, i.e., one of the 
following: hypotonia, hypertonia, changing tone (the presence of sud-
den changes in muscle tone), or the presence of asymmetry. In case of 
asymmetry, tone of the worst side was assigned in the analyses. We 
opted for the term ‘atypical’ according to the Oxford English Dictionary: 
not typical; not conformable to the ordinary type. It means that the sign or 
behaviour is absent in the majority of infants, without directly referring 
to impairment status. The maximum muscle tone domain score is 4, 
denoting typical muscle tone in all body parts. 

The developmental scale has 15 standardized items for each month 
of age, covering the domains of cognition, communication, and fine and 
gross motor development. Items are scored as pass (1) or fail (0). The 
maximum score is 15. A score ≤ 7 is atypical and associated with an 
increased risk of learning disabilities [18]. SINDA’s reliability is good. In 
addition, it has been demonstrated that SINDA has a good ability to 
predict atypical neurodevelopmental outcome at 24 months or older (i. 
e. CP, intellectual disability) in a non-academic out-patient clinic setting 
[17,18]. Performing and scoring of SINDA takes relatively little time: the 
neurological scale takes about 10 min and the developmental scale 
depending on infant’s age between 5 and 15 min. SINDA assessment 
forms are available online (see supporting material of [17] for neuro-
logical scale and [18] for developmental scale). 

2.4. Statistical analysis 

Based on the reported prevalence of atypical muscle tone in older 
children of 5–8% [25], sample size calculation revealed that for the 
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current study a sample size of 114 infants would be large enough to 
investigate the prevalence of atypical tone in infancy (CI 95%, level of 
accuracy 5%). 

Descriptive statistics were used to report prevalence numbers of 
atypical muscle tone. Non-parametric statistics were used since vari-
ables had a non-normal distribution. Relations between atypical muscle 
tone patterns and age were assessed with Spearman’s rho correlation 
coefficient (ρ). Associations between atypical muscle tone and the 
perinatal risk score were assessed with the Mann-Whitney test. In order 
to determine which single perinatal risk factors contributed most to the 
prevalence of a particular muscle tone pattern, univariable and multi-
variable regression analyses were performed. Results are presented as 
odds ratios (ORs) and their 95% confidence intervals (CI). Mann- 
Whitney tests were used to evaluate associations between atypical 
muscle tone patterns and SINDA neurological and developmental scores. 
Throughout the analyses, p-values <0.05 were considered statistically 
significant (two-tailed) and CIs were set at 95%. We performed statis-
tical analysis using Statistical Package for the Social Sciences (SPSS), 
version 23 (SPSS IC., Chicago, IL). 

3. Results 

Table 1 shows the background characteristics of the 1100 infants of 
the study group. Mean birth weight was 3431 g (SD 585) and mean 
gestational age was 39.4 weeks (range 27.3–42.4 weeks). The study 
group was representative of the general Dutch population in terms of 
prevalence of preterm birth and socio-economic background, including 
maternal education and ethnicity. The study group had a median SINDA 
neurological score of 25 (range 11–28); 76 infants (7%) had an at-risk 
neurological score (score ≤ 21). The mean SINDA developmental scale 
score was 10 (SD 2.3), with 165 infants (15%) having an at-risk score of 
≤7. 

3.1. Prevalence of atypical muscle tone and muscle tone patterns 

A total of 464 infants (42%) had typical muscle tone in all body parts 
(‘optimal pattern’; muscle tone domain score 4). Atypical muscle tone in 
one body part was present in 360 infants (33%), atypical tone in two 
body parts in 184 (17%). Atypical muscle tone in three or four body 
parts was present in 92 infants (8.4%, ‘impaired pattern’). Fifteen of the 
latter infants (1.4% of the total group) had atypical muscle tone in all 
body parts (muscle tone domain score 0): nine showed hypotonia in all 
body parts, two infants had changing muscle tone in all body parts, and 
four infants had combinations of hypotonia, hypertonia and changing 
muscle tone. The clinical data of these 15 infants are shown in Table 2. 

Asymmetry in muscle tone had a low prevalence: nine infants (0.8%) 
showed asymmetry in muscle tone in the arms, eight (0.7%) in the legs, 
and 34 (3.1%) in the ankles. Two infants had a consistent asymmetry in 
two body parts (arms and legs; legs and ankles). These two infants had 
generalized muscle tone impairment; they are included in Table 2. 

The five most prevalent atypical patterns are depicted in Fig. 1. 
These patterns cover 284 out of 636 (45%) of the infants with atypical 
tone: (1) isolated hypotonia in the legs, i.e., hypotonic legs combined 

Table 1 
Socio-economic and perinatal characteristics of the study group.  

Sex (boy/girl), n (%) 585 (53%)/515 (47%) 

Maternal educational levela 

I/II/III/IV, n (%)  23 (2%)/100 (9%)/492 (45%)/ 
483 (44%) 

Paternal educational levela 

I/II/III/IV, n (%)  
39 (4%)/93 (9%)/495 (45%)/ 
432 (39%) 

Maternal occupational levelb 

I/II/III/IV, n (%)  217 (20%)/253 (23%)/261 
(24%)/359 (33%) 

Paternal occupational levelb 

I/II/III/IV, n (%)  
129 (12%)/408 (37%)/215 
(20%)/301 (27%) 

Maternal age   

- in years, mean (SD)  
- <20/20–34/≥35, n (%)  

30.2 (4.6) 
12 (1%)/898 (82%)/188 (17%) 

Paternal age   

- in years, mean (SD)  
- <20/20–39/≥40, n (%)  

32.9 (5.9) 
5 (1%)/937 (85%)/128 (12%) 

Maternal ethnicity: native Dutch/non-native 
Dutchc, n (%) 

992 (90%)/108 (10%) 

Paternal ethnicity: native Dutch/non-native 
Dutchc, n (%) 

964 (88%)/114 (11%) 

Pre-pregnancy maternal BMI   

- in kg/m2, median (min–max)  
- <25/25–29/≥30, n (%)  

24 (16–48) 
648 (59%)/297 (27%)/152 
(14%) 

Assisted reproductiond, n (%) 79 (5%) 
Maternal smoking, n (%) 111 (10%) 
Prenatal substance exposure (alcohol and/or 

drugs), n (%) 
11 (1%) 

Maternal medication, n (%) 110 (10%) 
Maternal diabetes during pregnancy, n (%) 79 (7%) 
Maternal hypertension during pregnancy, n 

(%) 132 (12%) 

Maternal thyroid disease during pregnancy, n 
(%) 

26 (2%) 

Instrumental deliverye, n (%) 288 (26%) 
Gestational age   

- in weeks, mean (SD)  
- preterm (<37 wks)/term, n (%)  

o very preterm (28–32 wks)  

39.4 (1.8) 
75 (7%)/1024 (93%) 
7 (0.6%) 

Birth weight   

- in grams, mean (SD)  
- SGA (<p10)/AGA (p10–90)/LGA (≥p90), n 

(%)  

3431 (585) 
123 (11%)/840 (76%)/134 
(12%) 

Meconium-stained amniotic fluid, n (%) 153 (14%) 
Twin, n (%) 38 (4%) 
Non-optimal startf, n (%) 94 (9%) 
Admission to neonatal ward, n (%) 241 (22%) 
Hyperbilirubinemia requiring phototherapy, 

n (%) 
39 (4%) 

Perinatal risk score, median (min–max) 2 (0− 11) 

Bold denotes the risk factors and their criteria included in the perinatal risk score 
(range 0–23, a higher score denotes a higher risk), presented at the bottom of the 
table. 
Missing data: maternal educational level n = 2; paternal educational level n =
41; maternal occupational level n = 10; paternal occupational level n = 47; 
paternal ethnicity n = 22; maternal age n = 2; paternal age n = 30; maternal BMI 
n = 3; maternal smoking, prenatal substance exposure, maternal medication, 
diabetes, hypertension, thyroid disease, instrumental delivery, gestational age, 
admission neonatal ward, hyperbilirubinemia requiring phototherapy n = 1; 
birth weight (SGA/AGA/LGA) n = 3; meconium-stained amniotic fluid n = 3; 
non-optimal start n = 2. Note: in case of missing information of a risk factor, a 
score 0 (no risk) was assigned in the computation of the perinatal risk score. 

a I = no or only primary education/II = primary or secondary vocational 
education and training/III = secondary vocational training, senior general sec-
ondary education and university preparatory education/IV = vocational college 
and university. 

b Based on the International Standard Classification of Occupations, ISCO. I =
ISCO1 and unemployed/II = ISCO2/III = ISCO3/IV = ISCO 4. 

c Native Dutch: location of birth is the Netherlands. Non-native Dutch: loca-
tion of birth is other than the Netherlands. Non-native Dutch is considered a risk 
factor since non-native Dutch women experience culture and language barriers 
in their access to the Dutch obstetric system, reflected in an increased perinatal 
mortality of infants born in non-native Dutch families compared to native Dutch 
families [33,34]. 

d One of the following: hormonal treatment n = 23, intrauterine insemination 
n = 19, IVF/ICSI n = 30, other n = 7. 

e Caesarean section n = 193, vacuum or forcipal delivery n = 95. 
f The presence of delayed onset of crying, respiratory difficulties requiring 

monitoring on the neonatal ward and/or respiratory intervention, short-lasting 
floppiness or cyanosis. 
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with typical tone in the rest of the body (n = 91, 8%); (2) isolated hy-
pertonia in the arms (n = 78, 7%); (3) isolated hypertonia in the ankles 
(n = 57, 5%); (4) hypotonic legs and hypotonic ankles combined with 
typical tone in neck, trunk and arms (n = 33, 3%); (5) isolated changing 
muscle tone in the legs (n = 25, 2%). 

3.2. Associations between muscle tone and age 

The prevalence of the two most common patterns with hypotonia in 
the lower extremities was age-dependent: the presence of isolated hy-
potonia in the legs, and hypotonia in both legs and ankles increased with 
age (ρ = 0.648; p = 0.031 and ρ = 0.896; p < 0.001, respectively). The 
prevalence of both patterns especially rose after the age of 5 months: the 

Table 2 
Clinical characteristics of infants with atypical muscle tone in four body parts or asymmetrical muscle tone in two body parts.  

Infant 
no. 

Gender Muscle 
tone 
patterna 

Corrected 
age 
(months) 

GA 
(weeks) 

Birth 
weight 
(grams) 

SGA/ 
AGA/ 
LGA 

Twin Maternal history Perinatal and neonatal 
events 

Medical diagnosis 

Infants with atypical muscle tone in four body parts (n = 15)  
1 F  2222  2  39.9  3098 AGA n n HB, no PhT Sickle cell anaemia  

2 F  2222  2  38.7  3660 AGA n 
Depression for which 
antidepressant 
drugs; IUI 

NICU admission due to 
respiratory distress; HB, no 
PhT 

General developmental 
delay and dysmorphic 
features (no established 
genetic diagnosis)  

3 F  2222  2  34.6  2700 AGA n 7 miscarriages Placenta praevia; maternal 
blood loss; emergency CS 

n  

4 M  2222  7  36.7  3712 LGA n n HB, no PhT n  
5 F  2222  9  39.9  3300 AGA n n HB, no PhT n  
6 F  2222  8  41.4  4180 AGA n Hypertension HB, no PhT n  

7 M  2222  10  36.7  1900 SGA y 
Hypertension, pre- 
eclampsia 

Ward admission due to 
prematurity 

n  

8 F  2222  12  40.6  3910 AGA n n HB, no PhT n  
9 M  2222  11  38.9  4032 LGA n n HB, no PhT n  
10 M  2224  9  39.6  3630 AGA n n HB, no PhT n  
11 F  2343  5  40.3  3680 AGA n n Neonatal hypotonia trisomy 21  

12 F  2444  11  39.3  3500 AGA n Gestational diabetes 

Emergency CS after non- 
successful VE due to non- 
progressive labour; non- 
optimal start; 
pneumothorax 

n  

13 F  3444  7  37.4  3966 LGA n 

Gestational diabetes 
treated with 
metformin and 
insulin 

Neonatal hypoglycaemia n  

14 M  4444  3  31.0  1500 AGA y 
Depression treated 
with antidepressant 
drugs 

PROM; HB requiring PhT, 
NICU admission; neonatal 
infection; IVH grade 1 

n  

15 M  4444  5  40.9  3115 SGA n Gestational diabetes n n  

Infants with asymmetrical muscle tone in two body parts (n = 2)  
16 M  1331  5  38.3  3490 AGA n n HB, no PhT n  

17 M  1144  6  40.7  3900 AGA n n 
Forceps delivery; 
respiratory problems 
requiring CPAP 

n 

F: female. M: male. S/A/LGA: small/appropriate/large for gestational age. n: no/none. y: yes. IUI: intrauterine insemination. HB: hyperbilirubinemia. PhT: photo-
therapy. CS: caesarean section. VE: vacuum extraction. PROM: premature rupture of membranes. IVH: intraventricular haemorrhage. 

a 2222: overall hypotonic. 2224: hypotonic trunk, arms and legs, changing tone ankles. 2343: hypotonic trunk, hypertonic arms and ankles, changing tone legs. 
2444: hypotonic trunk; changing tone arms, legs and ankles. 3444: hypertonic trunk, changing tone arms, legs and ankles. 4444: overall changing tone. 1331: typical 
tone trunk, hypertonic arms and legs (right side), typical tone ankles. 1144: typical tone trunk and arms, changing tone legs and ankles (left side). 

optimal
pattern

n=464 (42%)

hypotonic
legs

n=91 (8%)

hypertonic
arms

n=78 (7%)

hypertonic
ankles
n=57 (5%)

hypotonic
 legs and ankles

n=33 (3%)

changing tone
 legs

n=25 (2%)

typical tone hypotonia hypertonia changing tone

Fig. 1. Most prevalent muscle tone patterns. 
Note that not all infants are included in the 
figure: only the prevalence numbers are re-
ported of the infants presenting either with 
an ‘optimal pattern’ or one of the 5 most 
prevalent muscle tone patterns. 
SINDA neurological scores in the various 
groups (median and interquartile range): 
optimal pattern: 27 (26–27); hypotonic legs: 
26 (25–27); hypertonic arms: 25 (24–26); 
hypertonic ankles: 25 (24–26); hypotonic 
legs and ankles: 24 (23–26); changing tone 
in legs: 25 (25–26).   
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prevalence of isolated hypotonia in the legs was 3% at 2–5 months and 
11% at 6–12 months, that of hypotonia in both legs and ankles 0% at 
2–5 months and 5% at 6–12 months. None of the other muscle tone 
patterns, including the optimal and the impaired pattern, were associ-
ated with age (range ρ = − 0.584–0.568; p = 0.059–0.719). Also, the 
muscle tone domain score was not associated with age (ρ = 0.037, p =
0.226). 

3.3. Associations between muscle tone and perinatal risk score 

The median perinatal risk score of the study group was 2 (range 
0–11; Table 1), reflecting the group’s low perinatal risk. Lower, i.e., 
worse muscle tone domain scores were weakly associated with a higher 
perinatal risk score (ρ = − 0.069; p = 0.023). The majority of the muscle 
tone patterns described above were not associated with the perinatal 
risk score (Mann-Whitney, p = 0.302–0.840). The only exception was 
the pattern consisting of isolated hypertonia in the arms: infants with 
this type of atypical muscle tone had a significantly higher perinatal risk 
score than infants with optimal muscle tone (median scores 3 vs. 2; 
Mann-Whitney, p = 0.013). Multivariable analysis revealed that the 
single factors that contributed most to this pattern were low maternal 
occupational level (OR 2.20 [1.26–3.84]) and admission to the neonatal 
ward (OR 1.80 [1.03–3.12]). Three of the atypical patterns were asso-
ciated with a single perinatal risk factor: hypotonic legs were associated 
with low maternal occupational level (OR 1.94 [1.14–3.29]), hypertonic 
ankles with maternal medication during pregnancy (OR 2.61 
[1.21–5.60]), and hypotonic legs and ankles with preterm birth (OR 
3.27 [1.16–9.23]). 

The impaired pattern (atypical muscle tone in three or four body 
parts, n = 92) was not associated with the perinatal risk score (Mann- 
Whitney, p = 0.186). However, multivariable analysis of the single 
perinatal risk factors indicated an association between the presence of 
the impaired pattern and preterm birth (OR 1.94 [1.23–3.05]) and 
having a birthweight that was either small or large for gestational age 
(birthweight <10th and >90th percentile, respectively; OR 2.52 
[1.34–4.75]). 

3.4. Relation between muscle tone and SINDA scores 

Infants with isolated hypertonia in the arms, those with isolated 
hypertonia in the ankles, and those with atypical muscle tone in three or 
four body parts (i.e. the impaired pattern) had lower scores on the 
domain of spontaneous movements than infants with optimal muscle 
tone (Mann-Whitney, p = 0.022, p = 0.027, p < 0.001, respectively). 
Infants with isolated hypertonia in the arms and those with the impaired 
pattern had lower scores on the domain of motor reaction to postural 
stimulation than infants with optimal tone (Mann-Whitney, p = 0.001 
and p < 0.001). Finally, infants with hypotonia in legs and ankles, and 
infants with the impaired pattern had lower scores on the domain of 
reflexes than infants with optimal tone (Mann-Whitney, p = 0.015 and p 
= 0.017, respectively). Infants with the impaired pattern (i.e., atypical 
muscle tone in 3–4 body parts) had significantly lower developmental 
scores than the rest of the study group (medians 9 vs 10; Mann-Whitney, 
p < 0.001). The five most prevalent atypical muscle tone patterns were 
not associated with the developmental score. 

4. Discussion 

This cross-sectional study demonstrated that about 8% of the infants 
of the general Dutch population have an impaired muscle tone pattern, 
that is, atypical muscle tone in three of four body parts. The prevalence 
of atypical muscle tone in one or two body parts was relatively high 
(50%). The most prevalent atypical patterns were isolated hypotonia in 
the legs (8%) and isolated hypertonia in the arms (7%). Asymmetries in 
muscle tone had a relatively low prevalence (4.5%) and were usually 
restricted to one body part. Asymmetries in two or more body parts 

occurred in only two infants (0.2%). Atypical muscle tone was only 
weakly associated with the infant’s age. Most atypical muscle tone 
patterns showed a minor association with perinatal risk, whereas iso-
lated hypertonia in the arms and atypical muscle tone in three or four 
body parts (the impaired pattern) were moderately associated with 
perinatal risk. Only the impaired pattern was associated with lower 
developmental scores. 

The high prevalence of 1–2 signs of atypical muscle tone corresponds 
well to other reports that children with a typical neurological condition 
often show some signs of non-optimality. This is true for children at any 
age [21–24]. 

The prevalence of about 8% of atypical muscle tone in three or four 
body parts is in line with the prevalence of muscle tone abnormalities of 
10% reported in older children, including children with evident 
neuropathology and children with minor neurological dysfunction 
[4,25]. Atypical muscle tone was generally not associated with infant 
age. The exception to this rule was the higher prevalence of hypotonia of 
the lower extremities in the second half of the first year compared to that 
in the first half year. The second half of the first year of life is the period 
of ‘physiologic astasia and abasia’ - denoting the phase shown by most 
infants in which they do not bear weight on their legs and therefore 
cannot stand or walk, respectively. [26], i.e., the phase during which the 
infants do not bear weight on their legs when put in standing position. It 
signals the neural reorganization in anticipation of the major motor 
milestones of standing and walking independently [27]. It is conceivable 
that this reorganization results in hypotonia in the legs in part of the 
infants. 

Two of the six atypical muscle tone patterns that we identified are of 
particular interest: isolated hypertonia in the arms and atypical tone in 
three or four parts of the body, i.e., the impaired pattern. Isolated hy-
pertonia in the arms was among the patterns of isolated atypical tone the 
one that was most clearly associated with perinatal risk - low maternal 
occupational level and admission to the neonatal ward - and with 
accompanying neurological signs. It is known that the finding of atypical 
tone is especially relevant when it is accompanied by other neurological 
signs [7,8,13]. It is conceivable that the association between perinatal 
risk and hypertonic arms in combination with additional neurological 
signs is due to dysfunction in the motor cortex representing the arms 
[13,28]. This part of the brain is a so-called watershed area, which is 
relatively easily prone to injury [29]. 

The pattern that is clinically most relevant is the impaired pattern, i. 
e., atypical tone in three or four parts of the body. This group also 
comprised the infants with an asymmetrical muscle tone in more than 
one body part. Atypical tone in three or four parts of the body was 
associated with preterm birth and a birthweight not appropriate for 
gestational age. Generally, these risk factors signal an unfavourable 
prenatal and perinatal condition that is associated with increased 
vulnerability of the nervous system [30]. Also, others observed that 
infants born preterm or with a low birthweight are at risk of muscle tone 
regulation problems [31]. The clinical significance of the impaired tone 
pattern is underlined by its association with lower neurological and 
developmental SINDA scores. Lower SINDA scores are associated with a 
higher risk of developmental disorders [17,18]. 

A strength of the current study is the large study group of 1100 in-
fants representative of the Dutch population. To our knowledge, this is 
the first study describing atypical muscle tone patterns in infancy and 
therewith exploring which muscle tone patterns may be clinically rele-
vant. Another strength is the use of a standardized assessment to eval-
uate muscle tone: the SINDA [17,18]. A limitation of the study is its 
cross-sectional character - which was inherent to its primary aim of 
reporting prevalence numbers - and lack of follow-up data. It is known 
that muscle tone abnormalities in infancy may be transient and have no 
clinical significance, while other tone deviancies may emerge with age 
[32]. This means that long term follow-up is warranted. The follow-up of 
our participants at the age of 4–5 years is currently planned. 

In conclusion, during the first year a high proportion of infants 

E.J.M. Straathof et al.                                                                                                                                                                                                                         



Early Human Development 152 (2021) 105276

6

presents with atypical muscle tone in one or more body parts. In general, 
the atypical tone has little clinical significance. However, the pattern of 
isolated hypertonia in the arms was associated with perinatal risk. Its 
long-term significance deserves further study. Eight percent of infants 
presented with atypical muscle tone in three or four body parts. This 
pattern is clinically relevant: it is associated with an increased risk of 
developmental disorders. For these infants, further medical diagnostics 
are recommended. 
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[26] H.F. André-Thomas, S. Saint-Anne Dargassies, Etudes neurologiques sur le 
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