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Abstract

Introduction: Down syndrome individuals have different gait 
patterns, which include specific characteristics such as foot 
rotation asymmetry.

Objective: The aim of this study was to analyze the relationship 
between this asymmetry and the hands-and-knees crawling 
pattern before gait acquisition in Down syndrome children, as 
well as the possible association of this gait to gender, ethnicity, 
comorbidities, physiotherapy, and occupational therapy 
interventions.

Methods: In this cross-sectional study, 361 children with or 
without foot rotation asymmetry were selected. An online 
questionnaire was administered to the parents or guardians of 
those children.

Results: Hands-and-knees crawling decreased the prevalence 
of foot rotation asymmetry in Down syndrome children. The 
longer it took for walking onset, the higher the prevalence of 
this asymmetry. Indeed, for each month of delay, there was a 
7% increase in prevalence. There was a significant relationship 
between orthopedic alterations in knees or flat feet and foot 
rotation asymmetry. There was no significance related to 
gender, ethnicity, other comorbidities, physiotherapy, or 
occupational therapy interventions.

Conclusion: The findings in this study revealed that foot 
rotation asymmetry might be related to the acquisition of motor 
skills, hands-and-knees crawling and the walking onset. 

Keywords: Down syndrome, gait, locomotion, motor skills, 
posture.
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In Brazil, Down syndrome (DS), also known 
as trisomy 21 (T21), is one of the major causes of birth 
deficiencies, with a prevalence of 1 in 600-800 births1. 
The presence of an extra copy of chromosome 21 is 
associated with easily identifiable physical and anatomical 
characteristics, which are accompanied by cardiac, 
orthopedic, visual, hearing, and neurological alterations 
that trigger a delay in motor development2-4.

Many researchers aim to find motor development 
parameters that manifest later in DS compared with 
ordinary children. These alterations occur due to dendritic 
growth deficiencies and abnormal myelination of cortical 
and subcortical structures of the brain, changes that lead 
to overall generalized synaptic dysfunction5. Thus, motor 
development differences occur by the fourth month of 
age. These differences amplify as motor demands become 
more complex, especially when muscle coactivation 
against gravity is required; this action is also hampered by 
muscular hypotonia and ligament laxity4,6,7.

A study that included the Test of Infant Motor 
Performance (TIMP) and Bayley Scales of Infant and 
Toddler Development (Bayley-III) showed that DS 
children present difficulty in early postural control and 
activities that require speed, postural control and balance8. 
Palisano et al.9. used the Gross Motor Function Measure 
(GMFM) to study the motor development of children 
between 1 and 6 years old. They concluded that it takes 
the DS population longer to learn the movements: the 
probability of reciprocal hands-and-knees crawling at 18 
months old is 34%, and at 24 months old, it is over 50%.

Tudella et al.7 compared the motor development 
rate in 3-to-12-month-old DS infants using the Alberta 
Infant Motor Scale (AIMS). They concluded that the DS 
motor development sequence is the same with regards 
to typical infants. Still, it takes the DS group more time 
to acquire skills, especially anti-gravitational skills such 
as prone, sitting, and standing positions. Another study 
comparing typical and DS infants revealed the difficulty 
of the DS group regarding the prone (including crawling, 
acquired by only 33%), sitting, and standing positions due 
to the fact these positions require greater postural control 
6.

These studies describe motor development 

 INTRODUCTION
landmarks in the DS population; however, they do not 
relate some motor acquisitions, such as crawling and foot 
rotation asymmetry, to factors including gender, ethnicity, 
specific comorbidities, and treatment length. Therefore, 
in the current study, a questionnaire was developed and 
administered to parents and/or guardians of DS children 
in order to relate foot rotation asymmetry and crawling 
to the hypothesis that crawling would bring about fewer 
risks to the development of this asymmetry. This study 
also analyzed whether foot rotation asymmetry is related 
to gender, ethnicity, cardiac, orthopedic, visual, and/or 
hearing impairments and specific comorbidities associated 
with birth. Besides, it included other motor acquisitions 
and physiotherapy and occupational therapy interventions.

 METHODS
Study design

This cross-sectional study was performed 
according to the recommendations of the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statement guidelines.

Scenario
Data were collected as part of a large DS cross-

sectional study. It was conducted in Brazil over 2016 and 
2017 (218 days total) and was approved by the Institution’s 
Ethics Committee under file number 1.684.429. 

Regarding legal requirements, the study was 
discussed and approved by the Center for Studies and 
Clinical Research of São Paulo (CEPEC-SP), owner of the 
website www.sindromededown.com.br, which hosted the 
data collection questionnaire.

On the CEPEC website, a short presentation 
informed parents and/or guardians of the DS children 
about the aim of the study and how they could voluntarily 
participate. In order to ensure anonymity, the names of 
the participants were not requested, which allowed for 
a closer approach to sensitive topics10 and enabled them 
to express themselves more freely in terms of feelings, 
experiences, and actions when dealing with their children. 
The Free and Informed Consent Form was on the website, 
and when starting to fill out the questionnaire, participants 
automatically authorized the analysis and publication of 

Authors summary 

Why was this study done?
Down syndrome (DS) involves specific characteristics in motor development that require an intervention early. The gait becomes an 
important developmental milestone. Indeed, DS individuals have different gait patterns, such as foot rotation asymmetry. This study 
investigated the possible relationship between hands-and-knees crawling and this gait pattern, as well as the association of foot 
rotation asymmetry and others comorbidities and specific intervention. 

What did the researchers do and find?
We elaborated an online questionnaire for parents and guardians of Down syndrome children with questions related to gender, 
ethnicity, neonatal complications, cardiac/orthopedic/visual/hearing/neurological alterations, physiotherapy and occupational therapy 
interventions, motor patterns, and motor acquisitions. From the analysis of this study, it is possible to perceive the relationship between 
foot rotation asymmetry and the previous acquisition of hands-and-knees crawling in Down syndrome. There was an association 
between walking onset and this asymmetry. Orthopedic alterations in knees or flat feet demonstrated a relationship with foot rotation 
asymmetry. 

What do these findings mean?	
The therapists should prioritize these acquisitions to prevent future gait alterations. Parents/guardians, in turn, should also stimulate 
the child to go through all motor skill development stages.
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crawling, standing position with and without assistance), 
walking onset (three independent steps12) and independent 
gait. The above variables, particularly hands-and-knees 
crawling were related to the dependent variable foot 
rotation asymmetry.

Statistical methods
Standard descriptive statistics were performed. The 

chi-squared test was applied to analyze the association 
between the studied characteristics and the presence 
of asymmetric foot rotation in DS children. Poisson 
regression with robust variance was used to estimate the 
magnitude of this association.

With regards to quantitative variables, data 
normality was assessed with Shapiro-Wilk’s test. Since the 
data were not normally distributed (p < 0.05), median and 
95% confidence intervals (CI) were used for descriptive 
analysis. Interquartile range regression was used to 
analyze median differences with their respective 95% CI 
(significance level of 5%). Stata Student Lab Sciences 
11.0 software (StataCorp LCC) was used for analysis.

 RESULTS
Participants

A total of 521 questionnaires were filled out by 
parents and/or guardians of DS children. Within this total, 
160 questionnaires were excluded because the respondents 
did not provide any information concerning foot rotation 
asymmetry; this exclusion left 361 participants for 
analysis. From the 361 studied participants, foot rotation 
asymmetry was reported in 22.7% (n = 82) of the cases 
(figure 1).

Data description
According to the characteristics shown in table 

1, most of the children were male (52.9%; n = 191) and 
white (86%; n = 310). Cardiac and visual alterations (58% 
and 43%, respectively) were the most evident issues. 
With regards to reported treatments, the physiotherapy 
intervention rate (96%) was higher than in the occupational 
therapy intervention (80%). There were no statistically 
significant differences between sociodemographic 
characteristics, comorbidities, or treatments with the 
prevalence of foot rotation asymmetry in the studied 
population (table 1).

There were statistically significant associations 
between knee dysfunctions (p=0.002) and flat feet 
(p=0.019) with regards to foot rotation asymmetry (table 
2). The presence of foot rotation asymmetry increased the 
appearance of knee alterations by 2% (p=0.002 indicates 
statistical significance). Flat feet, on the other hand, 
increased the prevalence of foot rotation asymmetry by 
approximately 1.5% (p=0.01 shows significance between 
variables (table 2).

Among the studied motor development skills, 
crawling was acquired by 80.33% of the respondents (only 
19.67% of the children did not acquire crawling skills). 
Hands-and-knees crawling, before or after the acquisition 
of walking, was not significantly different. However, 
the relationship between the first steps and foot rotation 
asymmetry was significant (p < 0.001) (table 3).

results.
The online questionnaire was titled “Pesquisa sobre 

o Desenvolvimento Motor em Crianças com Síndrome 
de Down” (“Research on Motor Development of Down 
Syndrome Children”). It was in Portuguese, added to 
the content of the website www.sindromededown.com.
br, and promoted on Facebook using the web link www.
survio.com/survey/d/B9P8H5G1U1X9Z1F5N. A member 
of the research team supervised the website until all the 
data were collected. Those individuals who answered 
the questions on the presence or absence of foot rotation 
asymmetry in the online questionnaire were screened and 
included in the study. 

Instrument
Due to the lack of tools to evaluate the studied 

topic, such as an instrument specifically elaborated for DS 
individuals, a semi-structured questionnaire was designed 
by the authors of this study. Some research team members 
specialized in DS discussed the main topics that should 
be included, and many pre-tests were designed before the 
final approval.

Information including date, start time, and length 
of time for questionnaire completion was required. 
There were open- and closed-ended questions to which 
parents and/or guardians had to choose an alternative 
related to gender, apgar score, neonatal complications, 
ethnicity, cardiac/orthopedic/visual/hearing/neurological 
alterations, physiotherapy and occupational therapy 
interventions, motor patterns (on all fours and standing 
positions), and motor acquisitions (crawling, walking and 
foot rotation asymmetry). However, whenever necessary, 
questions related to age and/or other specific information 
were asked. With regards to questions specifically related 
to crawling, a figure showing a “child on all fours” 
position7 was included to avoid misinterpretations of 
hands-and-knees crawling.

The online access enabled parents and/or guardians 
to provide information more comprehensively and 
efficiently in a very economical way. Additionally, those 
individuals who were previously neglected in this kind 
of study, due to the long distances they had to travel to 
participate, could also be included11.

Participants
The intentional sample consisted of parents and/or 

guardians of DS children. The confirmation of a clinical 
diagnosis for DS was not required since their phenotypic 
alterations were quite clear. The children included were 
those who could crawl, and when they could walk, those 
with or without asymmetric foot rotation were identified.

Variables
The independent variables were those related to the 

motor development of the DS children. In order to obtain 
these variables, the following information was considered: 
gender, ethnicity, apgar score, neonatal complications, 
cardiac/respiratory/neurological/visual/hearing/
orthopedic alterations, hospitalization, physiotherapy 
and occupational therapy interventions, ages at which 
specific motor development stages were attained (e.g., 
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Table 1: Univariate analysis of sociodemographic characteristics, comorbidities, and treatments associated 
with foot rotation asymmetry in DS children.

Characteristics Total sample n = 
361 (100%)

Foot rotation 
asymmetry n = 82 

(22.7%)

p* PR (95% CI) p**

Gender 
Female 170 (47.1) 45 (26.47)

0.108
ref. ref.

Male 191 (52.9) 37 (19.37) 0.73 (0.49; 1.07) 0.11
Ethnicity
White 310 (86.0) 65 (20.97)

0.148
ref. ref.

Black 6 (1.6) 2 (33.33) 1.59 (0.50; 5.04) 0.43
Mixed 45 (12.4) 15 (33.33) 1.59 (1.0; 2.53) 0.05
Pre-/postnatal 
alterations
No 332 (92) 76 (22.89)

0.786
ref. ref.

Yes 29 (8) 6 (20.69) 0.90 (0.43; 1.89) 0.78
Neonatal 
complications
No 276 (76.45) 63 (22.83)

0.927
ref. ref.

Yes 85 (23.55) 19 (22.35) 0.97 (0.62; 1.53) 0.92
Hospitalization
No 199 (55.12) 45 (22.61)

0.959
ref. ref.

Yes 162 (44.88) 37 (22.84) 1.01 (0.68; 1.48) 0.05
Neonatal ICU 
admission
No 248 (68.70) 58 (23.39)

0.651
ref. ref.

Yes 113 (31.30) 24 (21.24) 0.90 (0.59; 1.38) 0.65

Figure 1: A flowchart that shows the sample selection stages for this study
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Convulsions 
No 345 (95.57) 78 (22.61)

0.823
ref. ref.

Yes 16 (4.43) 4 (25.00) 1.10 (0.46; 2.64) 0.82
Postnatal respiratory 
and cardiac 
alterations
No 326 (90.30) 73 (22.39)

0.656
ref. ref.

Yes 35 (9.70) 9 (25.71) 1.14 (0.63; 2.09) 0.65
Cardiac alteration
No 151 (41.94) 37 (24.50)

0.507
ref. ref.

Yes 209 (58.06) 45 (21.53) 0.87 (0.59; 1.28) 0.5
Cardiac surgery
No 258 (71.47) 55 (21.32)

0.316
ref. ref.

Yes 103 (28.53) 27 (26.21) 1.22 (0.82; 1.83) 0.31
Physiotherapy
No 14 (3.88) 2 (14.29)

0.443
ref. ref.

Yes 347 (96.12) 80 (23.05) 1.61 (0.44; 5.91) 0.47
Occupational therapy
No 68 (19.60) 18 (26.47)

0.417
ref. ref.

Yes 279 (80.40) 61 (21.86) 0.82 (0.52; 1.30) 0.41
Median (95% CI) Median difference 

(95% CI)
p***

Apgar score
1st minute 79 (21.89) 8 (8; 8) 0 (-2.12; 2.12) 0.99
5th minute 79 (21.89) 9 (9; 9) 0 (-1.90; 1.90) 0.99
PR: prevalence ratio, CI: confidence interval. ICU, intensive care unit,  *Chi-squared,   **Poisson regression with robust variance, 
***Median Regression.

Characteristics Total sample n = 
361 (100%)

Foot rotation 
asymmetry n = 82 

(22.7%)
p*

PR (95% CI) p**

Continuation - Table 1: Univariate analysis of sociodemographic characteristics, comorbidities, and treat-
ments associated with foot rotation asymmetry in DS children

Table 2: Univariate analysis of the characteristic comorbidities associated with foot rotation asymmetry in DS 
children.

Characteristics Total sample n = 
361 (100%)

Foot rotation asymmetry 
n = 82 (22.7%)

p* PR (95% CI) p**

Orthopedic 
alterations
Scoliosis
No 333 (92.24) 73 (21.92)

0.215
ref. ref.

Yes 28 (7.76) 9 (32.14) 1.46 (0.82; 2.60) 0.19
Hip
No 349 (96.68) 78 (22.35)

0.372
ref. ref.

Yes 12 (3.32) 4 (33.33) 1.49 (0.65; 3.40) 0.34
Knees
No 349 (96.68) 70 (20.83)

0.002
ref. ref.

Yes 12 (3.32) 12 (48) 2.30 (1.45; 3.64) 0
Flat feet
No 146 (40.44) 24 (16.44) 0.019 ref. ref.
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Yes 215 (59.56) 58 (26.98) 1.64 (1.07; 2.51) 0.02
Crooked foot
No 319 (88.37) 72 (22.57)

0.857
ref. ref.

Yes 42 (11.63) 10 (23.81) 1.05 (0.59; 1.88) 0.85
Visual alteration
No 206 (57.06) 50 (24.27)

0.416
ref. ref.

Yes 155 (42.94) 32 (20.65) 0.85 (0.57; 1.25) 0.41
Hearing 
alteration
No 299 (87.43) 70 (23.41)

0.754
ref. ref.

Yes 43 (12.57) 11 (25.58) 1.09 (0.63; 1.89) 0.75
PR: prevalence ratio, CI: confidence interval,  *Chi-squared,  **Poisson regression with robust variance.

Characteristics Total sample n = 
361 (100%)

Foot rotation asymmetry 
n = 82 (22.7%)

p* PR (95% CI) p**

Continuation - Table 2: Univariate analysis of the characteristic comorbidities associated with foot rotation 
asymmetry in DS children.

Table 3: Univariate analysis of standard characteristics and motor acquisitions associated with foot rotation 
asymmetry in DS children.

Characteristics Total sample n = 361 
(100%)

Foot rotation 
asymmetry n = 82 

(22.7%)

p* PR (95% CI) p**

Crawling
No 71 (19.67) 18 (25.35)

0.55
ref. ref.

Yes 290 (80.33) 64 (22.07) 0.87 (0.55; 1.37) 0.55
Crawling
Before walking 264 (91.03) 60 (22.73)

0.38
ref. ref.

After walking 26 (8.97) 4 (15.38) 0.67 (0.26; 1.71) 0.41
Hands-and-
knees crawling 
No 47 (13.02) 13 (27.66)

0.38
ref. ref.

Yes 314 (86.98) 69 (21.97) 0.79 (0.47; 1.32) 0.37
Median (95% CI)  Median difference 

(95% CI)
p***

Crawling 63 (17.45) 11 -1 (-3.38; 1.38) 0.41
Standing with 
support

66 (18.28) 12 1 (-1.30; 3.30) 0.4

Standing without 
support

64 (17.72) 16.5 2 (-0.45; 4.45) 0.11

First steps 79 (21.88) 24 5 (2.72; 7.27) <0.001
Walking without 
support

75 (20.77) 24  3 (0.65; 5.34) 0.01

PR: prevalence ratio, CI: confidence interval, *Chi-squared, **Poisson regression with robust variance, ***Median Regression.

Table 4 presents multivariate analysis results 
regarding motor development factors. There was a 
significant association between hands-and-knees crawling 
and foot rotation asymmetry (p < 0.001).

Main results
Multivariate analysis revealed that hands-and-

knees crawling reduced the appearance of foot rotation 

asymmetry in DS children by 10% (95% CI: 4-24%). On 
the other hand, the longer it took the child (in months) 
to take the first steps, the higher was the prevalence of 
asymmetric foot rotation (table 3).
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Table 4: Multivariate analysis of motor development factors associated with foot rotation asymmetry in DS 
children.

Characteristics PR (95% CI) p**
Hands-and-knees crawling 0.10 (0.04; 0.24) <0.001
Crawling 0.93 (0.83; 1.03) 0.172
First steps 1.08 (1.03; 1.12) 0.001
R: prevalence ratio, CI: confidence interval, **Poisson regression with robust variance.

 DISCUSSION
Interpretation

Foot rotation asymmetry in Down syndrome has 
been studied and shown as one of the different walking 
patterns in these individuals13,14. However, studies on 
the relationship between foot rotation asymmetry and 
the specific acquisition of hands-and-knees crawling 
cannot be found in the literature. The importance of 
this investigation is paramount in this population since 
recent studies with ordinary children have revealed that 
hands-and-knees crawling is associated with not only the 
increase in muscular strength but also the coactivation of 
leg muscles, which boosts the developmental progression 
from crawling to erect walking15. 

One of the proposals of this study was to associate 
foot rotation asymmetry with crawling. The results 
here found reveal that the prevalence of foot rotation 
asymmetry decreased due to the acquisition of hands-
and-knees crawling, which confirms the hypothesis that 
crawling reduces the risk for the development of foot 
rotation asymmetry.

Angulo-Barroso et al.13 reached the conclusion that 
in DS the decrease in cases of foot rotation asymmetry 
was not related to treatments on treadmills at high or 
low intensities; however, another investigation confirms 
that the base width decreases according to age in this 
population, but this base is still wider when compared 
with control group14. 

The current study also analyzed if foot rotation 
asymmetry is associated with other motor acquisitions, 
and significance in relation to first steps could be observed. 
The results showed that the longer it takes a child to take 
the first steps (in months), the higher the prevalence of a 
wider base of support. For each month of delay to take the 
first steps, this prevalence increases by 7%. Lloyd et al.16 
showed that intense physical activity for the legs is related 
to the first steps. Interestingly, another study revealed 
that in this population, the intensity levels of leg activity 
were irrelevant for the first steps at the beginning of the 
interventions but significant at the end17.

This study did not show any association of 
foot rotation asymmetry with gender, ethnicity, other 
comorbidities, physiotherapy, or occupational therapy 
interventions. Rihtman et al.18 did not observe any 
association between gender and motor integration; 
however, some other previous studies on DS reported 
that girls have better motor development, and boys who 
were underweight and/or presented cardiac alterations 
had a slower development19. Malak et al.20 carried out a 
study with DS children in which the researchers confirmed 
that the upstanding and gait skills were delayed even 

when physiotherapy was performed. Other studies on the 
first months of DS children, however, revealed the vital 
importance of interventional treatments in the multiple 
areas of motor development21,22. 

The results found in the current study showed 
significance between the comorbidity, knee alterations 
and foot rotation asymmetry. They confirm the findings of 
previous studies that report that patellar instability affects 
the motor function of SD individuals, compromising their 
gait and reducing the power generation and absorption in 
these joints. However, this kind of alteration is seldom 
found in the literature14,23. 

Additionally, the current study also observed an 
association between flat feet and foot rotation asymmetry 
in DS, which was confirmed in researches where flat 
feet caused a greater outer foot rotation resulting in the 
worsening of the function. On the other hand, other 
studies did not report the relationship between flat feet 
with specific limitations to activities or overweight in 
this population24-26. Flat feet were present in 58% of the 
sample. Through clinical observation, Perotti et al.27 also 
found flat feet cases in 46% of SD children in their work. 
Some other studies found flat feet cases in 88% and 76% 
among the participants24-26.

From a clinical point of view, foot rotation 
asymmetry in DS was often observed in children who 
had not gone through the crawling phase, which aroused 
the interest to investigate if the data found were related 
to this fact. The results confirmed this observation, and 
surprisingly showed the relationship with the first steps 
and not with the treatment applied after the onset of the 
gait pattern expected in DS. Therefore, there should be 
more studies that focus on the skills acquired before the 
onset of gait.

The use of a movement capture system specific 
for the acquisition of crawling and not for the acquisition 
of gait alone16,17,28, a topic that has recently been studied 
among typical children15, would provide a broader view 
of which muscles are recruited at this stage as well as the 
strength of these muscles in DS children. 

The findings reflect the need to prioritize all motor 
skill development stages, especially hands-and-knees 
crawling and first steps to prevent future gait alterations, 
including foot rotation asymmetry. The results suggest 
that therapists should then direct special attention to these 
acquisitions in order to prevent future gait alterations. At 
the same time, parents/guardians should stimulate their 
children to experience all the stages of motor development.

Methodological considerations
This online retrospective data collection reached 

a large number of people with DS. On the other hand, 
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despite the importance, the researcher could not be present 
at the moment all the answers were provided for obvious 
reasons. Therefore, occasional doubts concerning the 
understanding of some questions, or even recall biases of 
the respondents when answering the questionnaire, may 
have led them to omit some information10,11. The ages of 
the participants were not collected due to the interest in 
the retrospective stages of motor development.
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Resumo

Introdução: As pessoas com síndrome de Down (SD) apresentam diferentes padrões de marcha, 
incluindo algumas características específicas como a marcha de base alargada.

Objetivo: O objetivo deste estudo foi analisar a relação entre a marcha de base alargada e a aquisição 
motora engatinhar em quatro apoios adquiridas antes da marcha em crianças com SD, bem como a 
provável associação desta marcha com gênero, etnia, comorbidades e tratamentos de fisioterapia e 
terapia ocupacional.

Método: Neste estudo transversal, foram selecionados 361 indivíduos que apresentaram ou não 
marcha de base alargada. Um questionário on-line foi administrado para pais / responsáveis destas 
crianças.

Resultados: O engatinhar em quatro apoios diminuiu a prevalência da marcha de base alargada em 
crianças com SD. Quanto maior o tempo em meses para os primeiros-passos, maior a prevalência 
de base alargada, sendo que, a cada mês de atraso, a prevalência aumenta em 7%. Foi observada 
significância entre as alterações ortopédicas em joelhos e pés planos e a marcha de base alargada. 
Não foi encontrada significância relacionada a gênero, etnia, outras comorbidades, fisioterapia ou 
terapia ocupacional.

Conclusão: Os achados deste estudo mostraram que o aparecimento da base alargada pode estar 
relacionado às aquisições motoras, engatinhar em quatro apoios, e aos primeiros passos.

Palavras-chave: Síndrome de Down, marcha, locomoção, destreza motora, postura.


