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Do Body Mass Index, Q Angle, and Pes Planus Affect Walking Age in 
Children with Down Syndrome and Their Typically Developing Peers?
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ORIGINAL ARTICLE

ABSTRACT

Objective: To investigate the effects of body mass index (BMI), quadriceps angle (Q0)   and pes 
planus on walking age in children with Down syndrome (DS) and typically developing peers.
Methods: Bodyweight, height and Q0 were measured and footprints were obtained in 50 children 
with DS and 50 typically developing children (control), ages between 2-6 years. BMI and Staheli 
index (SI) were calculated. 
Results: The mean walking age was 26±8 months in the DS group and 12±2 months in the control 
group (p<0.0001). While BMI was 85 percent in all age groups in girls in the DS group, it increased 
with age in boys this group. SI was 1.17±0.28 in the DS group and 0.93±0.04 in the control group 
(p<0.001). Although there was no significant relationship between walking age and BMI, Q0, 
pes planus, the difference in walking age between the two groups decreased statistically as Q0 
increased (p<0.001).
Conclusion: In the DS group, regular monitoring of BMI, keeping it within healthy limits, and adding 
exercises related to Q0 and pes planus to physical therapy programs will reduce the delay in 
walking age.
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ÖZ

Amaç: Down sendromlu (DS) olan çocuklar ve tipik gelişime sahip yaşıtlarında vücut kitle indeksi 
(VKİ), kuadriseps açısı (Q0) ve pes planusun yürüme yaşı üzerine etkilerini araştırmak.
Yöntem: Yaşları 2-6 arasında 50 DS’lu çocuk (DS grubu) ve 50 tipik gelişim gösteren çocukda (kontrol 
grubu) vücut ağırlığı, boy uzunluğu ve Q açısı ölçüldü ve ayak izleri elde edildi. VKİ ve Staheli indeksi 
(SI) hesaplandı.
Bulgular: DS grubunda ortalama yürüme yaşı 26±8 ay, kontrol grubunda 12±2 ay idi (p<0.0001). 
VKİ, DS grubundaki kız çocuklarında tüm yaş gruplarında %85 iken, bu gruptaki erkek çocuklarda 
yaşla birlikte artış gösterdi. SI, DS grubunda 1.17±0.28 ve kontrol grubunda 0.93±0.04 idi (p<0.001). 
Yürüme yaşı ile VKİ, Q0, pes planus arasında anlamlı bir ilişki olmamasına rağmen, Q0 arttıkça iki 
grup arasındaki yürüme yaşı farkı istatistiksel olarak anlamlı azaldı (p<0,001).
Sonuç: DS grubunda VKİ’nin düzenli izlenmesi, sağlıklı sınırlarda tutulması ve fizik tedavi programlarına 
Q0 ve pes planus ile ilgili egzersizlerin eklenmesi yürüme yaşındaki gecikmeyi azaltacaktır.

Anahtar Kelimeler: Down sendromu, Pes planus, Q açısı, Vücut kitle indeksi, Yürüme yaşı

Introduction

Down syndrome (DS) is a genetic anomaly that 
results from the extra presence of all or part of the 
21st chromosome, with common features as well as 
remarkable differences according to each individual 
(1). It is characterized by structural, mental and 
organismal changes that cause mental retardation 
and delay in motor performance. Often these 
changes are accompanied by a range of medical 
problems, including cardiac and respiratory problems 
(2, 3). Although the incidence varies by ethnicity and 
geographic region, DS occurs in about 1 in 800 births 
worldwide (4).

From early childhood to adulthood, individuals with 
DS continue to show deficits in the motor areas 
of postural control and movement skills. These 
deficiencies may have a causal link with delays in 

reaching motor development milestones (independent 
walking, climbing stairs) in children (2, 5, 6). Although the 
neuropathological basis of motor dysfunction in DS is 
unknown, cerebellar dysfunction, delayed myelination, 
proprioceptive and vestibular deficits have been 
suggested as possible causes (2). 

The available evidence indicates that overweight and 
obesity in individuals with DS begin in late infancy and 
remain evident over the years. It has also been reported 
that the degree of overweight and obesity in children 
and adolescents with DS varies according to the clinical 
characteristics specific to that individual (7-9). 

In the literature, it has been stated that normally 
developing children sit without support at 7 months 
and begin walking independently at 12 months, 
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whereas children with DS sit at 15 months and walk 
at 30 months (10). It is also stated that joint laxity and 
hypotonia, which are common in DS children, increase 
the risks of some musculoskeletal disorders and are 
associated with delay in walking (11). Pes planus, 
which is considered one of these disorders, is observed 
at a higher rate (60-88%) in children with DS than in 
children with normal development. There are studies 
investigating the effect of pes planus on gait pattern 
in children with DS (2, 11, 12). 

Quadriceps (Q) angle is a measurement index used 
to evaluate the functions of the knee joint and 
patellofemoral joint and the etiology of patellofemoral 
pain (13-16). Q angle is defined as the angle between 
two axes drawn in the frontal plane, from anterior 
superior iliac spine to the mid-point of patella, and 
from the mid-point of patella to tibial tuberosity (17). 
It is considered normal that the Q angle value is 
between 8°-15° in healthy adult males and between 
12°-19° in females. The rate of deviation of this angle 
from normal increases the risk of skeletal-muscle 
problems in the lower extremities of the people 
(15,18). Recently, studies investigating the relationship 
between Q angle and patella femoral instability, 
genu varum-valgum and cerebral palsy especially in 
children and adolescents have attracted attention 
(19, 20). However, a study on the measurement and 
evaluation of the Q angle in children with DS could 
not be found.

The aim of this study is to investigate the effects of 
some parameters (body mass index [BMI], pes planus 
and Q angle), each of which has been the subject of 
different studies, on the age of walking in children with 
DS and typically developing peers.

Materials and Methods

The study was carried out in accordance with the 
principles of the Declaration of Helsinki, with the 
approval of the Research Ethics Committee (approvel 
number, 2018/1582) and necessary permissions from 
the relevant institutions. A total of one hundred children 
aged 2-6 years, 50 with DS (who applied to four special 
education centers) and 50 with normal development 
(kindergarten children), were taken as the study 
sample. There was no developmental anomaly in 
the lower extremities of the children included in both 
groups. The parents of the children were informed 
and their written consent was obtained. Age and 
independent walking age were learned from parents. 
Measurements, data recordings and evaluations were 
made by the same physiotherapist. Measurements 
were repeated at least twice and the averages were 
recorded.

Initally, the children’s height (cm) and weight (kg) 
were measured in light clothes and without shoes. 
Then, in the supine position, the Q angle was measured 
using a standard goniometer. Anterior superior iliac 
spine, midpoint of the patella and tibial tuberosity 
were marked for this measurement.  The Q angle was 

determined and recorded in degrees by aligning the 
midpoint of the goniometer to the midpoint of the 
patella, one arm to the anterior superior iliac spine 
point, and the other arm to the tibial tuberosity point 
(20). 

Pes planus was evaluated in the standing position. 
For this evaluation, a footprint was first obtained using 
a foot imprinter. The foot imprinter consists of a rigid 
platform and a plastic-coated mat on both sides. 
The front surface of the mat on which the foot will be 
stepped on is supported by rubber from the bottom. 
The back surface, impregnated with stamp ink, is 
the side facing the platform where the footprinted 
paper will be placed. For obtaining the footprint, a 
sheet of paper was placed on the rigid platform and 
the ink-impregnated surface was covered over the 
paper. With the aid of a physiotherapist, the child was 
stepped the foot to be studied on the rubber layer, 
with contralateral foot out of the platform. The process 
was also repeated for the other foot. During the 
procedure, the researcher controlled the foot position 
on the platform to prevent the foot from slipping (21). 

Later, BMI and Staheli index (SI) were calculated. Using 
growth curves created for children (22), corresponding 
percentiles were determined for body weight, height, 
and BMI data. Body mass index (BMI) was calculated 
by dividing body weight by the square of the body 
height (kg/cm2). In the footprint, the length of the 
narrowest part of the midfoot (A) and the length of 
the widest part of the heel (B) were measured in mm. 
Staheli index was obtained by dividing the A value by 
the B value (SI:A/B). If the SI>1, it was considered pes 
planus (21,23). 

Analysis of Data

The obtained data for this study were evaluated by 
SPSS 21.0 (Statistical Package for Social Sciences).
The subjects’ age, weight, lenght, BMI, Q angle and SI 
were as the mean and standart deviation. Statistically 
analysis were using the Mixed model according to 
sex and age.  Twelve-month groups were formed 
between the ages of 2 and 6 years to detect age-
related changes (24-35 months, 36-47 months, 48-
59 months, 60-72 months). Means and differences 
between means were determined by t test and Chi-
Square test. The relationship between the parameters 
was investigated with the Pearson Coorrelation test. In 
all tests, p<0.05 was considered statistically significant. 

Results

The study included 50 children with DS (26 boys, 24 girls) 
and 50 typically developing children (control) (24 boys, 
26 girls) aged 2-6 years. Thirty-six (72%) children with 
DS were able to walk independently, and the mean 
walking age was 26±8 months (boys 28±1 months; girls 
25±1 months). All of the children in control group could 
walk independently and the mean walking age was 
12±2 months (boys 13±2 months; girls 12±1 months). It 
was determined that the walking age of children with 
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DS was statistically significantly (p<0.0001) delayed 
compared to the children in the control group. In 
addition, it was observed that this delay was statistically 
significant (p<0.05) more in boys with DS than in girls. 
While the mean height of children with DS was shorter 
than the children in control group in all age groups, it 
was observed that mean body weight was lower at 
24-35 months, similar at 36-59 months, and higher at 
60-72 months (Table 1). The distribution and percentile 
values of BMI by age group and gender are shown 
in Table 2. BMI in girls with DS was found to be at the 
upper limit of normal weight (85%) in all age groups. 
In boys with DS, an increase in BMI was observed with 
age. Although BMI was generally higher in girls with DS, 
the difference was not statistically significant (p>0.05). 
There was no significant relationship between BMI and 
walking age (p>0.05; r, -0.036).

In all age groups, independent of DS, Q angle values 
were higher in girls, but the difference was not 
statistically significant (p>0.05). Even though there was 
no difference between the right and left side Q angle 
values, there was a strong correlation between the two 
sides’ angles (p<0.0001; r, 0.98)(Table 3). In addition, 
no significant relationship was found between Q angle 
and walking age (p>0.05; r, -0.32). However, as the 
Q angle value increased, the difference in walking 
age between the two groups decreased statistically 
(p<0.001) (Figure 1).

Figure 1� The effect of the Q angle  (0) on the difference between 
the walking onset age of children with Down syndrome (DS) and 
children in the control group

Figure 2� Comparison of Staheli index by age and Down syndyome 
(DS)

The SI calculated from the footprints of the children 
was found to be statistically significantly higher in 
the right foot (DS group, 1.17±0.28; control group, 
0.94±0.04) and left foot (DS group, 1.11±0.27;  control 

group, 0.93±0.06) of the children with DS, regardless of 
age and gender (p<0.001). According to age groups, 
SI>1 was observed in both groups at 24-47 months, 
while SI values were higher in children with DS and 
SI>1 continued until the 72nd month in children with 
DS. There was no difference between the SI values of 
the right and left sides, as well as a strong relationship 
was detected between the two sides (p<0.0001; r, 
0.72) (Table 4)(Figure 2). SI>1 before the age of 4 was 
considered physiological. However, SI>1 persisting until 
6 years of age in children with DS was accepted as 
pes planus. No statistically significant correlation was 
observed between the SI preferred to evaluate the 
presence and degree of pes planus and the walking 
age (p>0.05; r, 0.11). 

Table 1� Comparison of Bodyweight, Height and Percentile (%) Valu-
es According to Age in Children with DS and Control Group

Age

(Month)

Weight (kg) Height (cm)

DS Control DS Control 
24

-3
5

10
.2

±2
.2

*

3%

12
.5

±1
.9

25
%

80
.8

±6
.1

*

3%

91
±5

.2

50
%

36
-4

7

14
.8

±2
.5

25
%

14
.2

±2
.9

25
%

93
.7

±4
.7

*

10
%

96
.4

±5
.4

25
%

48
-5

9

16
.3

±2
.4

25
%

16
.2

±2
.5

25
%

98
.5

±3
.1

*

3%

10
2.

6±
6.

6

25
%

60
-7

2

22
.5

±4
.1

*

75
%

19
.3

±1

50
%

10
7±

3.
1*

10
%

10
9±

1.
5

25
%

*,  p<0.05

Table 2� Distribution of BMI (kg/m2) of Children with DS and Control 
Group by Age and Gender (mean±standard deviation) 

Age

(Month) Gender

DS
Control

n BMI PV n BMI PV

24-35

Boy 4 14.82±2.07 15% 6 15.95±2.67 50%

Girl 7 17.30±2.75 85% 5 18.90±2.80 95%

36-47

Boy 8 16.73±1.93 75% 6 16.78±0.98 75%

Girl 4 17.55±1.68 85% 8 15.93±2.74 50%

48-59

Boy 4 16.95±0.51 75% 5 15.21±1.46 25%

Girl 3 17.11±2.24 85% 5 15.46±1.18 50%

60-72

Boy 10 20.38±1.40 95% 
+ 7 15.88±0.96 50%

Girl 10 17.89±2.34 85% 8 15.69±1.42 50%

n: number of cases, PV: percentile value
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Table 3� Comparison of Q Angle (0) Values by Age, Gender and Side 
(mean±standard deviation; n, number of cases)

Age

(Month) G
en

de
r

Qo 

  n

DS

n

Control

Right Left Right Left

24-35

Boy 4 13.05±1.17 13.13±1.09a,b 6 12.98±1.46 12.90±1.37a,b

Girl 7 14.86±0.87 14.96±0.77a,b 5 14.66±1.11 14.66±1.11a,b

36-47

Boy 8 12.43±0.86 12.40±0.67a,b 6 12.60±0.37 12.77±0.26a,b

Girl 4 13.93±0.83 13.93±0.83a,b 8 14.31±1.24 14.40±1.24a,b

48-59

Boy 4 13.18±0.78 13.25±0.74a,b 5 13.06±1.14 13.06±1.14a,b

Girl 3 14.93±1.10 15.10±1.51a,b 5 14.42±0.54 14.32±0.66a,b

60-72

Boy 10 12.54±0.78 12.59±0.80a,b 7 13.01±0.63 13.16±0.54a,b

Girl 10 14.48±0.95 14.48±0.95a,b 8 14.83±0.82 14.76±0.98a,b

a: p<0.0001, b: r=0.90-0.98

Table 4� Comparison of Staheli Index by age, gender and side 
(mean±standard deviation; n, number of cases)

Age 
(Month)

Staheli Index

DS Control

G
en

d
er

n

Ri
gh

t

Le
ft

G
en

d
er

n

Ri
gh

t

Le
ft

24-35

Bo
y 4

1.
30

±0
.1

7*

1.
29

±0
.1

0*
 a

,b

Bo
y 6

1.
05

±0
.1

7

1.
03

±0
.0

6 a
,b

G
irl 7

1.
36

±0
.1

7*

1.
38

±0
.2

0*
 

a,
b

G
irl 5

1.
05

±0
.2

2

1.
03

±0
.2

4 

a,
b

36-47

Bo
y 8

1.
28

±0
.3

1*

1.
29

±0
.1

6 

a,
b

Bo
y 6

1.
19

±0
.1

1

1.
17

±0
.1

5 

a,
b

G
irl 4

1.
30

±0
.2

5*

1.
33

±0
.2

7*
 

a,
b

G
irl 8

1.
11

±0
.3

9

1.
01

±0
.2

5 

a,
b

48-59

Bo
y 4

1.
18

±0
.3

1*

1.
19

±0
.2

3*
 

a,
b

Bo
y 5

0.
98

±0
.1

3

1.
04

±0
.0

9 

a,
b

G
irl 3

1.
27

±0
.2

4*

1.
24

±0
.1

7*
 

a,
b

G
irl 5

0.
93

±0
.2

9

0.
90

±0
.2

5 

a,
b

60-72

Bo
y

10

1.
08

±0
.2

8*

1.
05

±0
.2

9*
 

a,
b

Bo
y 7

0.
82

±0
.2

2

0.
77

±0
.2

3 

a,
b

G
irl 10

1.
14

±0
.3

1*

1.
01

±0
.2

6*
 

a,
b

G
irl 8

0.
86

±0
.2

1

0.
89

±0
.1

7 a
,b

DS: Down Syndrome, *: p<0.001, a: p<0.0001, b: r=0.72

Discussion

Growth, heart, thyroid, vision and hearing screenings 
required for monitoring the health status of children 
with DS are clearly defined in medical guidelines. 
Regarding the evaluation and management of the 
musculoskeletal system in these children, there are 
inconsistent and variable recommendations due 
to the lack of data, and the focus is usually cervical 
spine problems (11). The neuropsychological profile 
defined for children with DS is closely related to motor 
development. Studies supporting this knowledge 
have also shown that motor development is strongly 
associated with both cognitive and language 
development (24,25). One of the indicators of motor 
development is the ability to walk independently. In 
this study, the possible effects of BMI, Q angle and 
the presence of pes planus on the reported delay in 
walking age in children with DS were investigated.

It has been reported that the walking age in children 
with DS is later than those of normally developing 
children (average 26-30 months), and the male 
gender affects the delay in walking age more 
(10,11,25,26). Similar to the literature, in our study, it was 
determined that the age of walking was statistically 
delayed (p<0.0001) in children with DS (DS group, 
26±8 months; control group, 12±2 months). This delay 
was more statistically significant (p<0.0001) in boys 
(boys 28±1 months; girls 25±1 months). No relationship 
was observed between gender and walking age in 
children the control group.

Body weight, height and BMI are basic elements in 
assessing growth, which is an excellent indicator of 
health status. Using the data of these parameters, 
the researchers have obtained growth curves that 
are very helpful in the routine monitoring of growth 
in children. Growth curves were created not only for 
healthy children but also for children with DS (7,22,27-
29). Short height is the characteristic feature of DS, 
showing distinct individual differences depending on 
comorbidities and hereditary factors (7,28,29). Body 
weight begins to increase in late infancy in DS children 
and evolves into overweight and obesity over time 
(8,9). Body weight, height and BMI values obtained 
in this study were compared with percentile values 
defined for healthy children (22). It was found that 
height in DS children was lower in the percentile (3-
10%) than healthy children in all age groups, and body 
weight increased with age (3%-25%-75%, respectively). 
The increase in body weight with increasing age and 
the persistence of short height in children with DS 
caused increased BMI. The mean BMI was found to be 
75-85 percentile in children with DS and 50 percentile 
in children the control group. Short height in children 
with DS was independent of age and gender. There 
was no significant relationship between BMI and 
walking age.

The Q angle, first described by Brattström (30), can 
be measured in the supine position (traditional) and 
standing, as well as calculated on images (plain 
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radiographs, magnetic resonance images, computed 
tomography)(13). The results of the studies in which the 
Q angle was measured in healthy individuals, students, 
athletes and patients with gonarthrosis are accessed 
from databases (14-18, 31,32). However, a study in 
which the Q angle, which is known to be associated 
with patellofemoral pain and instability, was measured 
in children with DS has not been found in the literature. 
In this study, besides other parameters, the effect of 
Q angle on the age of walking in DS children was 
investigated. Since it is not possible for all children to 
stand up and it would be unethical for them to receive 
radiation for the study, our Q angle measurements 
were made with the traditional method in the supine 
position.

In some studies, it has been reported that the Q angle 
is higher in female than in male, and higher on the 
right side than on the left side in the young and adult 
population (14,17,18,31). Q angle over 150or male and 
over 200for female is considered pathological. Rauh 
et al. (18), on the other hand, found that runners with 
a Q angle of more than 20° were 1.7 times more likely 
to be injured, and if the difference between the right 
and left Q angles were greater than 4°, the risk of injury 
was 1.8 times higher. While Mandigo and Livingston 
(32) said that Q angle was affected by dominance, 
Jaiyesimi and Jedede (14) found that higher right Q 
angle was independent of leg dominance. Cankaya 
et al. (16) reported that in healthy children aged 2–8, 
the Q angle decreases with age (mean 140 to 120), 
and the angular value is not dependent on factors 
such as gender, pes planus, and measurement 
position. In this study, independent of DS, Q angle 
values were higher in girls in all age groups, but the 
difference was not statistically significant (p>0.05). 
There was also no significant difference between 
the right and left Q angles. Contrary to the results of 
Cankaya et al. (16), no significant decrease in Q angle 
was observed with increasing age in children with DS 
and control group. There was no statistically significant 
relationship between Q angle and DS, pes planus 
and walking age (p>0.05). Whereas, as the Q angle 
value increased, the difference between the walking 
age of children with DS and control group decreased 
(p<0.05).

Pes planus (flat feet), defined by the loss of the medial 
longitudinal arch where the foot touches or nearly 
touches the ground, is common among young children 
and is usually asymptomatic. This congenital condition 
typically improves with age as the foot muscles 
become stronger or may persist in older children and 
adults (33-36). The medial longitudinal arches of boys 
mature 1 year later than girls (36). The relationship 
between overweight and obesity in children and flat 
feet is known (36,37). Children with asymptomatic 
flat-footed are followed with the recommendation 
to maintain a healthy weight, treatment up to 
surgical intervention may be required for resistant 
symptomatic pediatric pes planus (painful and/or stiff) 
(33). Pes planus can be identified by footprints, heel-

to-arch ratio, subjective evaluation, and radiographic 
measurements (12,21,23,38). Despite all these known 
facts, there is no generally accepted classification 
system or definition of pediatric flatfoot (38).

In a study of kindergarten children aged 3 to 6 years, 
it is mentioned that there is an average of 44% pes 
planus in all children, and the prevalence decreases 
from 54 to 24 from 3 to 6 years of age (36). It has been 
reported that the prevalence of pes planus in DS is 
60-88%, even almost universal (91%) (11,12,39). In the 
accessible literature, there is no study investigating the 
relationship between the presence of pes planus and 
walking age in children with DS.  In our study, in which 
the aforementioned relationship was investigated, 
a low-cost, radiation-free and simple measurement 
method was preferred for the detection of pes planus. 
Footprints could not be taken in 2% of the children with 
DS who participated in the study because they could 
not stand. The SI was >1 in 74% of children with DS and 
60% of children the control group. While SI decreased 
after 4 years of age in children the control group, values 
above 1 continued in children with DS. There was no 
significant difference in SI values according to gender 
(p>0.05). In this study, in which only the presence of pes 
planus was evaluated without distinguishing its degree 
and etiology, no significant relationship was found 
between pes planus and walking age in children with 
DS. There was no significant relationship between pes 
planus and BMI in children with DS and the control 
group (p>0.05).

Conclusion

Parents of children with DS are concerned about how 
delayed their child’s walking age will be. According to 
the results of this study, the following recommendations 
can be made to parents and physiotherapists of 
children with DS who do not have serious additional 
health problems to reduce the delay in walking age 
and to prevent the ignored physiological pes planus 
from becoming rigid:

- To regulate the nutrition programs of children with 
DS, who are expected to be shorter than the general 
population, and to keep the BMI within healthy limits 
by controlling their weight gain.

- Regular exercise of the quadriceps muscle in an 
assisted and controlled manner, in addition to other 
physical therapy procedures.

- To carefully evaluate the presence of pes planus in all 
children with DS, to provide the right shoe selection and 
to give detailed information about the importance of 
foot health.
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