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Abstract 

Background  The aim of the study was to identify the variables of the internal compensatory mechanisms that differ-
entiate the body build and posture of people with Down syndrome (DS) from the intellectual disability (ID) popula-
tion. It was assumed that gaining knowledge in the abovementioned aspect will allow for a better understanding 
of the limitation of the kinesthetic abilities of people with ID and DS and simultaneously enable to optimize the pro-
cess of planning and interventions to improve physical activity in this population with the adequate use of theirs 
strengths in the biomechanical and morphofunctional systems.

Methods  The methodology of this systematic review was developed according to the PRISMA guidelines. A search 
of PubMed, EBSCO, Scopus databases was conducted to identify all studies on DS/ID and the body build and posture 
from 2003 to 2023.

Results  395 articles were assessed to determine eligibility, while 22 studies met the inclusion criteria and were 
subjected to detailed analysis and assessment of their methodological quality. The differentiation of the body build 
and posture in DS population can be induced by both internal and external compensatory mechanisms. It is difficult 
to confirm the direct effect of the intrinsic variables that impact the body build and posture in the ID population, 
excluding people with DS.

Conclusions  Compared to other ID, the intrinsic differences in the body build and posture in DS individuals were 
induced by gender, age, and level of ID. The tendency for diversity between DS and other ID populations in body 
build and posture may be determined by the presence of the third copy of chromosome 21 in DS group. Internal 
compensatory processes may be induced mainly by abnormalities in the structure of the cervical vertebrae and feet. 
IQ should not be used as the only variable that identifies the population of people with ID.

Keywords  Body composition, Flat foot, Spine, Overweight, Developmental disabilities, Cervical spine, Adolescent, 
Obesity

Background
The harmonious and holistic morpho-functional devel-
opment of the human body is strictly related to the 
ontogenetic evolution of the body posture that is, among 
others, determined by the anteroposterior spinal curva-
tures and the position of the pelvis [1]. Even though both 
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of the aforementioned skeletal structures are believed to 
be the core variables of proper body posture [2], their 
position may be significantly influenced by the other seg-
ments of the human body, especially the lower limbs. As 
indicated in several studies [3, 4], among different mus-
culoskeletal disturbances, biomechanical changes in the 
lower body’s structures i.e., knee joints and feet seem to 
significantly impact the development of further biome-
chanical disturbances in the upper segments of the body, 
including the pelvis and spinal cord, as part of body’s 
compensatory mechanisms [5, 6].

Compensatory mechanisms are known as intrinsic 
and independent processes that can be induced by both 
internal (musculoskeletal system) and external (physi-
cal activity) variables that can induce both internal and 
external compensatory processes in the biomechanical 
structures of the human body [7]. Available scientific lit-
erature indicates that the compensatory processess can 
occur both in healthy population and in people with dis-
abilities [7]. However the compensatory disturbances are 
believed to be much more pronounced in people with 
disabilities compared to healthy individuals [8]. Further-
more, compensatory mechanisms are a cause-and-effect 
process that, in addition to the preliminary location, may 
induce further postural disturbances in the adjacent and/
or opposite anatomical segments of the musculoskeletal 
system, thus intensifying musculoskeletal complaints and 
reducing the quality of life [6–8].

 Even though in the last few years researchers have 
become more focused on the issues of the body’s com-
pensatory processes and their acute and long-term effects 
on everyday life [5], there is still a lack of studies address-
ing this issue in people with ID. This may be related to 
the incidence of diverse and concomitant developmental 
disorders that are frequently observed in this population. 
ID is believed to affect 1-3% of the global population, 
which is approximately 200,000,000 people worldwide 
(https://​www.​speci​aloly​mpics.​org). Moreover, this con-
dition is characterized by neurodevelopmental disorders 
that include deficits in cognitive functions, adaptive func-
tion (conceptual, social, and practical domains) and dis-
orders of the developmental period [9]. Consequently, 
people with ID exhibit more problems with sensory inte-
gration, poorer locomotor abilities, lower precision dur-
ing everyday tasks [10], and disturbed coordination and 
balance skills [11]. Consequently, they frequently have 
more sedentary lifestyles and show a high incidence of 
obesity frequently [10, 12]. In addition, the abovemen-
tioned variables are related to the incidence of the disor-
ders and deficits in the range of motion and body posture 
and may increase both musculoskeletal complaints and 
the biomechanical loads in the spinal curvatures, causing 
structural postural disturbances [13, 14].

Individuals with Down syndrome (DS) have become a 
specific part of the population of people with ID as they 
possess unique neurocognitive and neurobehavioral pro-
files that emerge in specific developmental periods and 
are distinct compared to other ID [15]. Moreover, indi-
viduals with DS are characterized by physical and motor 
proximodistal development that deviates from the typical 
cephalocaudal developmental model and is related to the 
process of the evolution of the locomotor system from 
the center of the body to its periphery [16], significantly 
affecting both the growth of the musculoskeletal system 
and body fat distribution. In addition, proximodistal 
development may influence motor skills and, as in people 
with ID, may cause several deficits in the biomechanical 
system that impact the quality of everyday life.

Individuals with ID and DS have already been the sub-
ject of previous qualitative analyses. To the best of the 
authors’ knowledge, no study has simultaneously exam-
ined and compared those two populations in the aspects 
of the intrinsic compensatory mechanisms and develop-
mental differences in body build and posture. Given the 
abovementioned findings and the gap in the available 
scientific literature, it seems justified to perform addi-
tional research to evaluate the abovementioned issues. 
Therefore, the aim of this systematic review (qualitative 
analysis) was to identify the variables of the internal com-
pensatory mechanisms that differentiate the body build 
and posture of people with DS from the population of 
people with ID. It was assumed that gaining knowledge 
in the abovementioned aspect will allow for a better 
understanding of the limitation of the kinesthetic abili-
ties of people with ID and DS and simultaneously enable 
to optimize the process of planning and interventions 
to improve physical activity in this population with the 
adequate use of theirs strengths in the biomechanical and 
morphofunctional systems.

Methods
Study design
The methodology of this systematic review was devel-
oped according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [17].

Inclusion and exclusion criteria
In this systematic review, inclusion criteria for the study 
were: (a) cross-sectional study, case-control study, and 
cohort study; (b) males and females with DS or at least 
mild ID (ID individuals); (c) no mixed disabilities in the 
study group; (d) average age of study participants > 10 
years, (e) no health condition except DS or at least mild 
ID (ID individuals).

https://www.specialolympics.org
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The exclusion criteria were: (a) article type different 
than cross-sectional, case-control; and cohort study (b) 
physical, hearing or visual impairments; (c) study group 
including both DS and ID individuals; (d) poor methodo-
logical design; (e) average age <10 years or > 50 years; (f ) 
DS or ID individuals not being the main aim of the study 
(validation of methods of assessment/indicators); (g) no 
full text available; (h) manuscript written in a language 
other than English.

Literature search
A search of electronic databases (PubMed, EBSCO, Sco-
pus) was conducted by two authors (EG, AZ) to iden-
tify all studies on DS/ID and the body build and posture 
from 2003 to 2023. The following methods were used: 
(a) data mining, and (b) data discovery and classifica-
tion. As a prerequisite, all studies were performed in 
ID populations including males and females (mean age 
of the study group > 10 years). Search terms were com-
bined by Boolean logic (AND/OR) in PubMed, EBSCO, 
and SCOPUS databases. The search was undertaken 
using the following 7 prioritized keyword combinations 

in English: ‘Down syndrome’, ‘intellectual disability’, ‘spi-
nal curvatures’, ‘body posture’, ‘body composition’, ‘foot’, 
and ‘anthropometry’. Furthermore, two authors (EG, AZ) 
with expertise in the development of body build, posture, 
composition, and ID, including DS, reviewed the refer-
ence lists of the included studies and screened Google 
Scholar to find additional studies. The corresponding 
authors of the selected publications were also contacted 
directly if the crucial data were not available in the origi-
nal articles.

Methodological quality of the included studies (risk 
of bias)
The Joanna Briggs Institute (JBI) Critical Appraisal 
Checklist [18] for analytical cross-sectional study was 
used to evaluate the methodological quality of the 
included studies. The checklist is believed to be the new-
est and the most preferred tool for assessing the method-
ological quality (risk of bias) of analytical cross-sectional 
studies [18] and consists of 8 items (see Table 1) scored 
as ‘Yes’, ‘No’, ‘Unsure’, or ‘Not applicable’. A ‘Yes’ was 
assigned to the evaluated manuscript if the criterion was 

Table 1  The assessment of the methodological quality of the included studies (risk of bias) using the JBI method for analytical cross-
sectional study

Q1- Were the criteria for inclusion in the sample clearly defined?; Q2- Were the study subjects and the setting described in detail?;Q3- Was the exposure measured in 
a valid and reliable way?; Q4- Were objective, standard criteria used for measurement of the condition?;Q5- Were confounding factors identified?;Q6- Were strategies 
to deal with confounding factors stated?;Q7- Were the outcomes measured in a valid and reliable way?;Q8- Was appropriate statistical analysis used?; Y yes, N no, 
U unsure, NA not applicable

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Sum

Ali et al. [19] N Y Y Y Y Y Y Y 7/8

Stewart et al. [20] N Y Y Y Y Y Y Y 7/8

Lin et al. [21] U Y Y Y U U Y Y 5/8

González-Agüero et al. [22] U Y Y Y Y Y Y Y 7/8

Jankowicz-Szymańska et al. [23] N Y Y Y Y Y Y Y 7/8

Izquierdo-Gomez et al. [24] Y Y Y Y Y Y Y Y 8/8

Pau et al. [25] Y Y Y Y Y Y Y Y 8/8

Real de Asua et al. [26] Y Y Y Y Y Y Y Y 8/8

Real de Asua et al. [27] Y Y Y Y Y Y Y Y 8/8

Romano et al. [28] U Y Y Y Y Y Y Y 7/8

Mansour et al. [29] Y Y Y Y Y Y Y Y 8/8

Calvo-Lobo et al. [30] Y Y Y Y Y Y Y Y 8/8

Pitchford et al. [31] U Y Y Y Y Y Y Y 7/8

Wolan-Nieroda et al. [32] N Y Y Y Y Y Y Y 7/8

Bibrowicz et al. [14] N Y Y Y Y U U Y 5/8

Magge et al. [33] Y Y Y Y Y Y Y Y 8/8

Suarez-Villadat et al. [33] Y Y Y Y Y Y Y Y 8/8

Sung et al. [34] Y Y Y Y Y Y Y Y 8/8

Herrera-Quintana et al. [35] Y Y Y Y Y Y Y Y 8/8

Ungurean et al. [36] N Y Y Y Y Y Y Y 7/8

Querido et al. [37] Y Y Y Y Y Y Y Y 8/8

Ungurean et al. [38] N Y Y Y Y Y Y Y 7/8
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fulfilled, which simultaneously received a score of one. A 
‘No’, ‘Unsure’, or ‘Not applicable’ was assigned to the eval-
uated manuscript if the criterion was not fulfilled, which 
simultaneously yielded a zero score. Each article was read 
and ranked by two independent investigators (EG, AZ). 
Moreover, an independent co-author (DC) was desig-
nated to resolve all discrepancies that could occur among 
investigators during the assessment. The methodological 
quality (risk of bias) was indicated by the total score (out 
of a possible 8 points), with the higher values represent-
ing better quality of the included publications.

Results
Study selection and characteristics
Figure 1 presents the flow of the systematic review. Three 
hundred ninety-five full-text articles were assessed to 
determine eligibility, while 22 studies met the inclu-
sion criteria and were subjected to detailed analysis and 
assessment of their methodological quality (see Table 1).

Twenty-two reports that were assessed for their meth-
odological quality were considered to score 8/8 points 
of eligibility to be included in the systematic review. 
Eleven publications were considered to score 8/8 points 

of eligibility, 9 scored 7/8 points of eligibility and 2 were 
assessed to score 5/8 points of eligibility. The initial 
agreement of the two independent investigators (EG, 
AZ) was 90%. All discrepancies among the investigators 
were resolved by expert evaluation by an independent co-
author (DC). Finally, 22 full-text articles were included in 
the systematic review (see Tables 2, 3).

Discussion
A careful examination of the current scientific studies on 
the body build and posture in the population of ID indi-
viduals, including DS has yielded partially inconsistent 
findings. However, this qualitative analysis found gender, 
age, and level of ID to be the most frequent factors that 
impact the intrinsic differences in body build and posture 
and the occurrence of their disturbances in DS individu-
als compared to other people with ID (see Table 2).

The majority of the analyzed studies have found sev-
eral statistically significant relationships between sex-
ual dimorphism and the abnormalities of the qualities 
and indicators of body build and postural disorders in 
DS individuals [22, 23, 25]. This was also confirmed by 
the study of Herrera-Quintana et  al. [35], but a 2-year 

Fig. 1  PRISMA flow diagram detailing the study inclusion process [17]
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follow-up examination indicated a similar tendency 
for an increase in indicators of body build such as BMI 
and WHR and decrease in lean mass and bone mass in 
both genders [35]. On the contrary, the study conducted 
by Querido et  al. [37] reported a similar prevalence of 
changes in the body build and posture in both males and 
females with DS. The inconsistencies in the results of the 
abovementioned research can be explained mainly by dif-
ferences in the characteristics of participants presented 
in the qualitative analysis of this systematic review i.e., 
(1) internal compensatory mechanisms induced by the 
internal variables such as (a) level of ID, (b) gender, (c) 
age, (d) intrinsic characteristics of the morpho-functional 
development, (e) body mass, (f ) ligament laxity and joints 
mobility, and (2) external mechanisms induced by the fol-
lowing external variables i.e., (a) type of sport, (b) train-
ing load (years of training/ number of training sessions 
per week), and (c) footwear.

Numerous authors have suggested that the proximo-
distal development that is related to DS differs by gender 
(see Table 2). Some studies have indicated better param-
eters of body build (higher lean mass and bone mass) in 
DS females [22, 23, 35], while Pau et al. [25] have found 
more disturbances in body build and posture (feet) in DS 
females compared to DS males. Nevertheless, the major-
ity of the analyzed studies [24, 26, 31, 33] reported body 
qualities (BF, BH, BM, WC, visceral fat) and indicators 
(BMI, WHR, visceral fat rate) as variables that are related 
to the intrinsic characteristics of the morpho-functional 
development that is specific to DS individuals. How-
ever, Real de Asua et al. [27] found a similar prevalence 
of abdominal obesity in both DS individuals and healthy 
controls, while lower values of total BF were reported in 
the DS group, and González-Agüero et al. [22] reported 
on diversity in the location of the FM between males and 
females with DS. The uncertainty of the cited studies 
indicates the complexity of the body build variability that 
seems to depend both on gender and individual morpho-
functional development. Furthermore, there is a need to 
indicate the importance of internal compensatory mech-
anisms that affect fat mass distribution in DS individuals, 
which in turn was found to impact intrinsic body com-
position. This is consistent with our previous research on 
the lipid profile of ID patients [39].

This qualitative analysis suggested that body build and 
posture are impacted by both level of ID and age of DS 
individuals [19, 23, 33, 35]. Interestingly, the study by 
Jankowicz-Szymańska et  al. [23] reported a significant 
relationship between body build qualities (BM) and indi-
cators (BMI) and the level of ID. However, the above-
mentioned variables were found only in DS females. On 
the contrary, age was reported to impact body build and 
posture similarly in both genders [19, 33, 35], mainly 

by decreasing the density of the musculoskeletal struc-
tures [35]. Moreover, the incidence of the anatomical 
differences in the cervical spine between DS individu-
als and those from the ID population that occurred with 
age seem to significantly contribute to the degenerative 
changes in the cervical level of the spine, especially as 
cervical spondylosis [19]. This might be a result of the 
disadvantageous impact of the internal compensatory 
and adaptive changes in the upper segments of the spi-
nal curvatures (internal compensatory mechanism). This 
thesis was also confirmed by Romano et  al., [28], who 
reported a decrease in SAC and ASAS in DS adolescents 
that were related to the ligament thickness.

Calvo-Lobo et  al. [30] also indicated a relationship 
between joint laxity and foot deformities but the corre-
lation was confirmed only in healthy adults. However, 
hypermobility of the first nail was reported as a factor 
affecting the incidence of flatfoot in DS adults [30]. Simi-
lar findings were reported by Pau et  al. [25] who found 
a dominant tendency for flatfoot in male and female DS 
adolescents, simultaneously indicatingno relationship 
between foot deformities and overweight. These findings 
are also consistent with the study by Mansour et al. [29], 
who reported a high prevalence of foot deformities in DS 
adolescents, which occurred especially as hallux valgus 
and increased space between the 1st and 2nd toes, sug-
gesting the relationship with morpho-functional develop-
ment of DS patients.

Even though internal compensatory mechanisms 
induced by the abovementioned factors seem to be the 
crucial determinants of the special characteristics and 
disturbances of the body build and posture in DS indi-
viduals, the impact of external variables should also be 
indicated. As reported in the study by Calvo-Lobo et al. 
[30] inadequate footwear, which was found in the major-
ity of DS adults, could be related to the deepening of the 
foot deformities. Nevertheless, external variables were 
also reported to contribute to the body build of DS indi-
viduals. The study by Querido et  al. [37] showed that 
swimming training had a beneficial effect on the somatic 
parameters of body build by contributing to an increase 
in LM and a decrease in BF (%) and BMI.

Based on a detailed review of the current scientific 
reports (Table 3) it is difficult to confirm the direct effect 
of the intrinsic variables that impact the body build and 
posture in the ID population, excluding people with DS. 
For instance, some studies [32, 36, 38] have reported a 
relationship between the level of ID and body build and 
posture. On the contrary, other reports have not iden-
tified the crucial factor that may be related to the inci-
dence of disturbances in the body build and posture in 
the ID population [14, 20, 34]. The inconsistent results of 
the presented reports can be explained, similar to those 
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on DS individuals, by differences in the characteristics 
of participants, including intrinsic variables that might 
induce internal compensatory mechanisms i.e., (a) level 
of ID, (b) gender, (c) lower limbs dysfunctions, (d) body 
mass, and (e) BMI.

The study by Ungueran et  al. [36] reported a signifi-
cant relationship between the level of ID and excessive 
BM and the prevalence of overweight in male and female 
adolescents with ID. However, no relationship was found 
for gender. Similar findings were obtained by Stewart 
et al. [20], who indicated a high prevalence of overweight 
and obesity in ID adolescents. Nevertheless in another 
study by Ungueran et  al. [38], both of the abovemen-
tioned relationships were noted, which may suggest that 
the level of ID may be the predominant variable related 
to the body build in the ID population. Similar findings 
were concluded by Sung et al. [34], who suggested ID as a 
factor in delayed and disturbed body build. However, Lin 
et  al. [21] indicated both underweight (based on BMI) 
and lower limb dysfunctions as the factors affecting the 
incidence of spinal curvature disturbances in the ID pop-
ulation. This might be attributable to the internal com-
pensatory mechanism leading to different body build and 
posture in people with DS compared to the population of 
people with ID.

Limitations and strengths
While this qualitative analysis contributes to the current 
body of literature, there are some limitations that need 
to be addressed. The main limitation of the current study 
is the small number of studies that have investigated the 
ID population, which did not allow for general interfer-
ence. Moreover, the evaluation of the body build and 
composition in DS and ID populations was performed 
using different methodologies, which makes generaliza-
tion impossible. Nevertheless, it should be acknowledged 
that the research with participation of intellectually disa-
bled participants is highly difficult and the number of DS 
and ID individuals that can be included in the studies is 
limited.

The main strength of the present study is the system-
atic review of the latest reports from the last two dec-
ades that have examined the body build and posture in 
DS and ID populations. Furthermore, the majority of the 
included studies were evaluated to be perfectly eligible 

for this analysis. The authors believe that the novelty of 
the presented research problem and undertaking the 
hitherto unexplored aspects in scientific research will 
enable a better understanding of the limitation of the 
kinesthetic abilities of people with ID and DS. It might 
also help improve and optimize the education and reha-
bilitation programs in the populations of people with DS 
and other ID using direct stimulation based on physical 
activity focused on their biomechanical and morpho-
functional strengths.

Conclusions

1.	 The presented systematic review found that com-
pared to other ID, the intrinsic differences in the 
body build and posture in DS individuals were 
induced mainly by gender, age, and the level of ID.

2.	 The conducted qualitative analysis indicates a ten-
dency for diversity between DS individuals and other 
ID populations in body build and posture that are 
determined by the presence of the third copy of chro-
mosome 21 in the former group.

3.	 Internal compensatory processes may be induced 
mainly by abnormalities in the structure of the cervi-
cal vertebrae and feet.

4.	 IQ should not be used as the only variable that iden-
tifies the population of people with ID.
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