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ABSTRACT 
 

Objective: To review the current status of research on the role of lower limb strength in postural 

control in people with intellectual disabilities, specifically Down syndrome. 

Data Sources: All articles were published from 2000 to 2021 and retrieved through the 

electronic databases PubMed and SportDISCUS using keywords “lower limb strength,” 

“postural control,” “balance,” “Down syndrome,” “intellectual disability,” and/or “disability.” 

Study Selection: Studies selected for review were peer reviewed and included and used lower 

limb strength as the independent variable and balance as the dependent variable. Of the initial 

142 articles retrieved, 11 met the criteria for this study. 

Data Extraction: Pre- and post-intervention studies and treatment and control studies were used. 

Their means and standard deviations were extracted to compute effect sizes using a Cohen’s D 

effect size calculator. 

Data Synthesis: Of 11 articles, four were found to have a positive effect (> 0.8). Four other 

articles were found to have a negative effect (< -0.8). The remaining three articles were found to 

have little to no effect (-0.8 - 0.8). 

Conclusions: This systematic review and meta-analysis demonstrated some significant effects of 

strength or strength training on balance. The measures with a positive effect were strength 

measures that included the entire lower limb working as a unit. 

 
  



 

The effect of muscular strength on balance in individuals with intellectual disabilities and 

Down syndrome 

Down syndrome (also known as Trisomy 21) is one of the most common genetic causes 

of intellectual disability worldwide (National Down Syndrome Society, 2008). The World Health 

Organization (WHO) estimates the worldwide incidence to be 1 out of every 600 – 1000 live 

births (NDSS, 2008). In the United States there are nearly 5400 children born with Down 

syndrome each year. Most instances (94%) of Down syndrome are caused by a trisomy of the 

21st chromosome. This genetic overexpression contributes to the unique Down syndrome 

phenotype. The Down syndrome phenotype includes distinct facial features, short stature and 

intellectual impairments (Hayes & Batshaw, 1993). In addition to intellectual impairments, 

individuals with Down syndrome also experience motor delays. These motor delays result from 

various neurological, musculoskeletal, and sensorimotor impairments (Angelopoulou, Tsimaras, 

Christoulas, Kokaridas, & Mandroukas, 1999; Carmeli, Ayalon, Barchad, Sheklow, & Reznick, 

2002; Cioni, Cocilovo, Di Pasquale, Araujo, Siqueira, and Bianco, 1994; Connolly & Michael, 

1986; Connolly, Morgan, & Russell, 1984; Cowie, 1970; Duger, Bumin, Uyanik, Aki, & 

Kayihan, 1999; Hayes & Batshaw, 1993; Jobling & Mon- Williams, 2000; Selikowitz, 1997). 

More specifically individuals with Down syndrome have ligamentous laxity, decreased strength, 

hypotonia, & excessive hip abduction, and external rotation. This combination helps explain why 

many individuals with Down syndrome have poor postural control (Boswell, 1991; Tsimaras & 

Fotiadou, 2004). 

Postural control, also known as balance, is operationally defined as one’s ability to keep 

themselves upright and stable in both static and dynamic situations (Winter, 1995). In order to 

maintain postural control, it is necessary to control and manipulate one’s center of pressure 



 

within either a static or dynamic base of support. The three ways that balance is accomplished is 

by achieving, maintaining, and restoring the center of gravity within the base of support 

(Pollock, Duward, Rowe, Paul, 2000). Achieving balance occurs when transitioning from one 

base of support to another, such as moving from a seated position to a standing position. The 

ability to maintain balance allows an individual to be able to have postural control even under 

changing conditions, such as an unexpected gust of wind or walking on uneven ground like 

gravel. Restoring balance keeps an individual within their base of support, even when 

unexpected conditions cause their center of gravity to creep close to the edge of their base of 

support, nearly ending in a loss of postural control. Regardless of the situation, postural control is 

an essential component required for many activities of daily living.  

Activities of Daily Living are often a focus of both occupational and physical therapists. 

Generically, activities of daily living are the functional day-to-day skills essential to living 

independently. By definition limitations in activities of daily living contribute to disability status. 

These functional skills include bathing, dressing, eating, and walking. A key rate limiter to many 

of these tasks is balance. Balance is a way of measuring functional performance, which in turn, 

determines one’s community integration (Kwong et al., 2017). Good balance augments self-

efficacy to carry out daily activities and participating in social life. An individual is less likely to 

actively engage in the community around them is they are reliant on other people or assistant 

devices to carry out the everyday activities that people with good balance do with ease. Even 

activities such as vacuuming, reaching a high shelf, or walking down the hallway become 

daunting to those with poor balance.  

Balance is a common issue in a variety of clinical populations. Individuals of all ages 

with Down syndrome experience impairments in balance. In addition to various neurological, 



 

musculoskeletal, and sensorimotor impairments, individuals with Down syndrome demonstrate 

slower postural response and inefficiencies in maintaining quiet stance (Webber, Virji-Babul, 

Edwards, Lesperance, 2004; Stancliffe & Anderson, 2017; Galli, et al, 2011; Biec et al, 2014). 

This is shown in Figure 1. 

Figure 1. 

BTrackS detects disruptions in balance via center of pressure (CoP) data & generates a fall risk assessment  & postural sway 
analysis.  

This figure demonstrates the difference in postural sway that is experienced by an individual 

with Down syndrome when participating in quiet stance compared to a typically developing 

individual of the same age group.  

Individuals with intellectual disabilities, including those with Down syndrome experience 

a high incidence of falls (Hsieh, Heller, Miller, 2001; Wagemans & Cluitmans, 2006). Many of 

these falls often result in individuals requiring medical attention. Falls are associated with 

adverse outcomes such as fractures, hospitalizations, and even death (Zanotto et al., 2019). All of 

these side effects of falls are avoidable if postural control is never lost. The fear of a possible fall 

can present challenges for parents, teachers, and clinicians working with people with Down 

syndrome. In addition, it can cause decrease an individual with Down syndrome’s self-efficacy 



 

to carry out activities of daily living, causing them to be dependent on other and devices for basic 

tasks. 

Previous research has investigated balance training and balance interventions for 

individuals with Down syndrome. Balance training programs and interventions are highly 

structured and aim to reduced or minimize known balance constraints. These interventions have 

included creative dancing, movement exploration, jumping, treadmill walking, and ball exercises 

(Boswell, 1991; Carmeli et al., 2003; Carmeli, Kessel et al., 2002; Tsimaras & Fotiadou, 2004; 

Wang & Chang, 1997; Wang & Ju, 2002). Other research has tried to identify and target aspects 

of balance designed to improve balance in individuals with Down syndrome (Boswell, 1991; 

Carmeli, Ayalon et al., 2002; Carmeli et al., 2003; Carmeli, Kessel et al., 2002; Le Blanc et al., 

1977; Wang & Ju, 2002). One factor to examine is muscular strength in individuals with Down 

syndrome.  

In typically developing individuals, increasing lower limb strength is widely recognized 

as being correlated with better balance in typically developing individuals (Citaker et al., 2013) 

(Beauchamp et al., 2012) (Hong et al., 2012). Strengthening the lower limbs is often used as the 

first intervention to augment balance in a typical patient within the physical therapy setting. The 

presence of efficient coordination of intersegmental muscle forces is a predictor of the transition 

to independent walking in typically developing infants (Begnoche et al., 2015). Children with 

Down syndrome are known to experience hypotonia and reduced strength in their lower limbs, 

especially in their hip abductors and knee extensors, when compared to typically developing 

children (Gupta et al., 2010).  Hypotonia or strength deficits will lead to poor standing balance, 

which is associated with an increased risk of falling (Carmeli, Bar-Chad, Lotan, Merrick, & 

Coleman, 2003; Carmeli, Kessel, Coleman, & Ayalon, 2002). The role of strength is important 



 

for balance due to the muscles ability to become stiff. This stiffness enhances overall 

neuromuscular function by increasing proprioception. Complicating this issue is most studies 

focus on muscle weakness making it difficult to determine the relationships between strength and 

balance. Overall there is inconsistent information related to the relationship between strength and 

balance.  

As a result, a key focus of this study is to determine if a decrease in lower limb strength is 

the main affectable contributor to the decrease in balance seen in people with Down syndrome. 

This will be determined by examining whether increasing lower limb strength of someone with 

Down syndrome will positively affect their balance. 

Qualitative studies, quantitative studies, meta-analyses, reviews, and articles addressing 

balance for individuals with intellectual disabilities and Down syndrome were categorized into 1 

of the 5 phases described by Sallis (citation). Rules for coding included the following: (1) if an 

article fit into multiple phases, it was coded into the highest phase; (2) articles using 

interventions measuring balance were coded as phase 1; and (3) articles using interventions 

looking at improving balance were coded as phase 4. A summary of the framework is 

summarized in Table 1. 

 

Table 1 Behavioral epidemiology framework phases 

Phase Type of Research 

Phase 1  
 

Establishes links between balance and strength. These studies provide evidence for 

associations between balance and strength as well as a basis for describing dose-response 

relationships. 



 

Phase 2 Focuses on measures of strength &/or balance. Reliability and validity studies are included 

in phase. 

Phase 3 Examines factors affecting balance including moderators, mediators, and direct correlates. 

Studies include those that describe correlates of balance and those testing theories that 

describe the relationship between determinants and balance. 

Phase 4 Involves interventions that target balance. These interventions change balance and/or target 

specific determinants of balance in an effort to improve participants’ balance. Research 

from phases 1, 2, and 3 provides the basis for the development and assessment of 

interventions in phase 4. 

Phase 5 Includes articles that focus on the dissemination of phase 4 research into practice. 

 

There is a noted gap between research and practice. This is further noted in the research. 

There is an abundance of research on balance and balance deficits in this populations. If 

practitioners wish to improve balance it is necessary to have a deep understanding of the factors 

contributing to balance. One factor commonly cited in improving balance is muscular strength. 

The purpose of the current study is to review the current status of balance research related to 

muscular strength in individuals with intellectual disabilities and Down syndrome. A behavioral 

epidemiological framework was used to categorize the research into 5 unique phases.  

METHOD 

Study Design 

This study follows the guidelines of the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) as outlined by Moher & colleagues (Moher et al., 2009). 

A systematic search and review were conducted using PubMed, EBSCOHOST, SportDiscus, and 

Google Scholar.  



 

Search Strategy 

A comprehensive database search of PubMed, EBSCOHOST, SportDiscus, and Google 

Scholar was conducted from (date to date). Search limitations included peer-reviewed research 

articles published between 2000 and 2021. Keywords and search terms included (disability OR 

intellectual disability) AND (postural control OR balance) AND (lower limb strength). 

Inclusion Criteria  

Studies were included if they met the following criteria: [1.) statistical examination of 

lower limb strength as the independent variable, 2.) statistical examination of balance as the 

dependent variable, and 3.) the examination was done comparing and physically or intellectually 

disabled population to a typically developing population] Duplicate titles were removed after 

initial searches. Phase 1 included screening of abstracts as completed by one reviewer (MCG). 

Phase 2 included additional screening of each of the selected articles from phase 1 by examining 

the entire article, completed independently by three reviewers (MCG, MB, and PE).  



 

 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/ 



 

Data Extraction 

Data on the study sample, intervention, descriptive statistics, and outcomes measures 

were extracted and recorded using a standardized form. Pre- and post-intervention means and 

standard deviations were extracted to compute effect sizes. Treatment and control means and 

standard deviations were also extracted to compute effect sizes. Data was input so positive effect 

sizes would indicate improvement or a positive effect. Participant demographics were also 

extracted and recorded.  

Type of study 

Types of interventions 

Data from 3 studies were clinical vs. control studies (Beauchamp et al., 2012) (Begnoche 

et al., 2016) (Citaker et al., 2013) (Guerra et al., 2014) (Nikaido et al., 2019) (Ramari et al., 

2018). 3 studies utilized pre- and post-designs (Aider et al., 2018) (Kwong et al., 2018) 

(McLoughlin et al., 2014). Common measures of strength included measuring the maximal 

isometric force (McLoughlin et al., 2014), measuring isometric strength on a multi-joint 

evaluation system (Zanotto et al., 2019), measuring isokinetic muscle strength by an isokinetic 

dynameter (Beauchamp et al., 2012) (Ramari et al., 2018), using a handheld dynamometer 

(Citaker et al., 2013) (Kwong et al., 2018), Maximum Isometric Voluntary Contraction (MIVC) 

(Guerra et al., 2014), sit-to-stand test (Aider et al., 2018), and by using a medical isokinetic 

system (Carmeli et al., 2005). Balance was measured using a variety of methods including an 

eight camera ViconMX3 system (McLoughlin et al., 2014), a stabilimeter platform (Zanotto et 

al., 2019), a gross motor function measure (Begnoche et al., 2016), following the displacement of 

the center of pressure on a force platform (Ramari et al.,2018), using the Balance Evaluation 



 

Systems Test (BESTest) (Beauchamp et al., 2012), and the BERG Balance Scale (Aider et al., 

2018) (Guerra et al., 2014) (Kwong et al., 2018) (Nikaido al., 2019).  

Types of participants 

The participants in all of the studies were either typically developing, have multiple 

sclerosis, are a child with cerebral palsy (ages 2-6), are in end stage renal disease with a kidney 

transplant, have COPD, have idiopathic normal pressure hydrocephalus, or have experienced a 

stroke. 

Data abstraction 

 For the data analysis of the research articles, a Cohen’s D Effect Size Calculator was 

used. This method created a unitless comparison of the articles, even though many of them used 

different measures of strength. The effect size calculator requires the mean and standard 

deviations of two groups to create a statistic. Positive numbers indicate a positive effect, while 

negative numbers indicate a negative effect. Values between -0.4 to 0 and from 0 to 0.4 are 

considered to have no effect. Values from -0.8 to -0.4 and from 0.4 to 0.8 are considered to have 

a small effect. Values less than -0.8 or greater than 0.8 are considered to have a significant effect. 

Results 



 

 The studies that were found to have a significant positive effect (>0.8) lie in the top 

green. These studies and measures are dynamic torque measured by using a medical isokinetic 

system (Carmeli et al., 2005), functional strength measured with a gross motor function measure 

(Begnoche et al., 2016), and squat repetitions through a sit-to-stand test (Aider et al., 2018). The 

studies that were found to have a significant negative effect (<-0.8) lie in the bottom green. 

These studies and measures include knee extension strength and ankle dorsiflexion strength 

measured by the maximal isometric force (McLoughlin et al., 2014), knee flexion strength 

measured by using a handheld dynamometer (Citaker et al., 2013), knee flexion peak torque by 

measuring using an isokinetic dynameter (Beauchamp et al., 2012). All other statistics were 

found to have little to no effect. 

Discussion 

The primary aim of this systematic review and meta-analysis was to review the current 

status of lower limb strength research related to balance in individuals with intellectual 



 

disabilities and Down syndrome. The secondary aims of the present review were to identify 

components and explore potential aspects of strength related to balance. Through the process of 

data analysis, a common theme can be established between the data with a positive effect and the 

data with a negative effect. The measures that lie within the positive effect range are the 

measures that included many muscles within the lower limb, such as dynamic torque, squat, and 

functional strength. The measures that lie within the negative effect range are measures that 

isolate a specific muscle or muscle group of the lower limb, such as the knee extensors, knee 

flexors, and the ankle dorsiflexors.  

A possible explanation for the phenomenon of the negative effect caused by isolating 

specific muscles may be explain by the specific muscles that were targeted in the isolated muscle 

group interventions. Ringsberg et al. (1999) found that knee extension strength is not related to 

improved static and dynamic balance. Similar findings by Verfaillie et al. (1997) showed little 

support for knee or ankle training on improving either static or dynamic balance in typically 

developing individuals. This may mean that isolating other muscle groups could have a positive 

effect on balance.  

The benefit of exercise interventions that involve the entire lower limb may have the 

greatest positive effect because of how these exercises improve joint movement in the entire 

lower extremities (Osugi et al., 2014).  The activities that created a positive effect (squat, torque, 

and functional strength) involve the three main lower limb joints, the joints of the hip, knee, and 

ankle (Kritz et al., 2009; Schoenfeld, 2010). This is a contrast to the isolated muscle groups that 

only involved one of the joints. Using all three joints together to create a movement increases the 

strength of the entire lower limb and teaches the limb to work as a unit. Decreased strength of the 

muscles that stabilize and move these major joints have been found to be associated with a 



 

reduced ability to stabilize the lower extremity (Schoenfeld, 2010; Nguyen et al., 2011). Because 

of all of these findings, clinicians should focus on using exercise interventions that involve 

multiple joints within the lower limb in order to have the greatest positive effect on balance. 

Conclusion 

This systematic review and meta-analysis demonstrated some significant effects of 

strength or strength training on balance. The measures with a positive effect were strength 

measures that included the entire lower limb working as a unit. The use of the theoretical 

framework may help inform the development and evaluation of appropriate targeted 

interventions to improve balance outcomes in individuals with intellectual disabilities and Down 

syndrome. Continued research is necessary to gain a better and more complete understanding of 

the factors associated with balance. More specifically understanding these factors so training 

programs and interventions can be developed for individuals with balance deficits.  

Limitations 

 The study did have a few limitations to be notes. The first of which is the limited 

selection of resources. Only two databases were used for the article search process. It is quite 

possible that other articles on this topic exist that are not included in those two databases. 

Additionally, the two databases only allowed for the search to be of contemporary research. The 

databases are both self-limited to research that was completed after the year 2000. Any research 

on the topic that was conducted before 2000 was not eligible to be included in the two databases 

used for article extraction. The last limitation was the constrictions of the Cohen’s D Effect Size 

Calculator. While the effect size calculator allowed for useful data extraction of articles that 

compared two groups or had a pre/post test design, it did not allow and effect to be calculated 



 

based on one group or on three or more groups. There had to be two means and two standard 

deviations for the effect size calculator to be able to give a statistical value of the effect of the 

intervention. 

Future Research 

 Future research on the role of lower limb strength in postural control would be beneficial 

to individuals with Down syndrome if different lower limb interventions were tested for their 

effectiveness on individuals with Down syndrome. The current body of research does not include 

articles on how individuals with Down syndrome are specifically affected by different 

interventions; instead, clinicians must make predictions on how individuals with Down 

syndrome would respond to different interventions based on the response of individuals with 

other disabilities with overlapping symptoms. Conducting research with individuals with Down 

syndrome would eliminate some of the assumptions that have to be made by clinicians when 

reading research on individuals with similar disabilities. Another direction that future research 

could take it to look at other factors that impact balance. This could include core strength or 

vestibular function. 
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