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ABSTRACT 

________________________________________________________________________ 
 

Purpose: To evaluate the impact of self-regulated 

pneumatic resistance exercise on variables related 

to balance, gait and lower extremity muscle 

function in community dwelling older adults.  

Materials and methods: Thirty-six older adults, 

aged ≥65 years completed the testing procedure as 

either the 10 week control (n=18) or intervention 

(n=18) group. Outcome measures included 

spatiotemporal gait variables, double leg standing 

balance assessment (with eyes open and closed), 

and the five times sit-to-stand measurement. 

Results were analysed using ANCOVA tests, with 

baseline values included as a covariate.  

Results: No change to balance or gait was 

identified in either group. Participants within the  

intervention group significantly decreased time 

taken to complete the five times sit-to-stand test 

(p=0.006, 𝜂𝑝
2 =.218), while no change was 

reported within the control group.  

Conclusion: Positive findings of increased lower 

extremity muscle function indicate that self-

regulated pneumatic resistance may represent an 

appropriate exercise intervention for use in older 

adults, although the lack of improvement to 

balance and gait parameters suggest that further 

research is required to develop delivery 

modalities for optimum effectiveness in this 

population.  

Key words: active ageing; pneumatic resistance; 

physical function.  
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INTRODUCTION 

 
The ageing process is associated with a 

range of physiological, psychological and 

biomechanical changes all of which contribute to 

the development of frailty.  This condition is 

recognised as a state of increased vulnerability 

due to age related functional decline [1], 

compromising ability to resist minor stressors and 

maintain physiological homeostasis [2]. Balance, 

gait and lower extremity muscle function are all 

known to decline with the development of frailty 

[2-4], with associated consequences to the ability 

to maintain an active and independent lifestyle.  

Although some physiological decline in these 

parameters is considered a natural consequence of 

ageing [5], participation in physical activity has 

been shown to positively impact on the extent of 

physiological decline [6] and has been reported as 

the only strategy known to consistently prevent or 

delay the development of frailty [7]. Given the 

current population shift toward an ageing society, 

“active-ageing” based interventions are required 

to prevent the development of frailty and 

associated individual, societal and economic 

impacts. Research is ongoing as to the most 

effective physical training modalities for use 

within this population, however resistance based 

training has been suggested as a core component 

of older adult exercise programs [5] and is thought 

to represent the optimum means of inducing 

beneficial adaptation to muscle mass, strength and 

function [7-9].  

Pneumatically controlled resistance 

exercise is gaining popularity as an exercise 

intervention for individuals that may experience 

difficulty with more traditional resistance training 

due to physical impairments caused by age, 

disability or general deconditioning, and there are 

elements of its design that render it particularly 

suitable for this purpose. This form of exercise 

requires the use of specialised equipment, the 

defining feature of which is the use of a pneumatic 

cylinder to provide resistance instead of weight 

stacks, wires and other moving parts used in more 

traditional gym equipment. The pneumatic 

cylinder is preloaded with compressed air, which 

compresses further as pressure is applied, thereby 

increasing the resistance provided [10]. The 

opposing movement subsequently requires the 

individual to control the speed of expanding gas, 

ensuring that both the agonist and antagonist 

muscles are loaded during each cyclic movement, 

facilitating a balanced work-out of major muscle 

groups and functional movements [11]. The 

extent of air compression is dependent on the 

force produced and the rate of movement, which 

ultimately provides resistance that is relative to 

the ability and effort of the individual performing 

the exercise. This self-regulating design feature 

creates an individualised workout, and is 

particularly relevant when considered within the 

context of older adult populations, where the large 

variation in health and fitness parameters can 

render individualised training within a group 

setting difficult. In addition, traditional resistance 

equipment generally provide a constant load that 

limits the ability of the user to continue to work 

past a critical joint configuration or “sticking 

point”, subsequently reducing the overall load and 

force produced throughout the movement. In 

contrast, the ability of the pneumatic cylinder to 

adjust the load and subsequent force production 

within the exercise repetition allows the muscle to 

be loaded throughout the full range of motion, 

theoretically increasing the overall load 

throughout the movement [12]. This may be 

particularly relevant for an older adult population, 

many of whom have more limited range of motion 

[13-14] rendering it additionally important that 

the exercise intervention facilitates loading 

throughout the full available range. The risk of 

injury is always a concern when considering the 

suitability of a resistance based intervention for an 

older adult population [15]. The pneumatic design 

of this equipment is thought to reduce variability 

in the muscle force required to complete the 

movement [10] and this, along with the self-

regulated nature of the exercise intervention may 

potentially reduce injury risk, while subsequently 

increasing the individual’s confidence in their 

ability to undertake the exercise.  

Although the use of self-regulated 

pneumatic resistance equipment for older adults 

appears theoretically justified, limited research is 

available to empirically assess the impact of such 

an intervention on specific variables related to 

physical function in older adults. Research 

regarding the influence of explosive resistance 

training using pneumatic equipment in older 

adults has shown positive results [16-17], 

however community based “active-ageing” 

programs using this equipment do not typically 

employ high-intensity power based protocols, but 

follow a more self-regulated design. The aim of 

this study, therefore, was to evaluate the impact of 

a self-regulated pneumatic resistance intervention 

on variables related to gait, balance and lower 

extremity muscle function in healthy community 

dwelling older adults. 
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MATERIALS AND METHODS 
 

Research Design Overview 

A repeated measures controlled design 

was employed whereby participants were invited 

to take part in a 10 week intervention and 

allocated to either the control or pneumatic 

resistance based exercise group. Outcome 

measures included spatiotemporal gait parameters 

collected using an automated analysis walkway; 

double leg standing balance assessment (with 

eyes open and closed) assessed by centre of 

pressure (COP) displacement measured from a 

force platform; and lower extremity muscle 

function as assessed by the five times sit-to-stand 

measurement. 

 

Participants 

Community dwelling older adults, both 

male and female were recruited to take part in this 

project and allocated to either the control or 

intervention group. A waiting list of community 

dwelling individuals expressing interest in 

attending the pneumatic resistance training 

classes was used to recruit the intervention group, 

while a purposive sampling approach was taken to 

subsequently recruit a matched control group. 

Inclusion criteria for this study were ≥ 65 years of 

age and community dwelling status. Exclusion 

criteria included any medical condition or injury 

that contra-indicated exercise participation, and 

current or recent participation in a structured 

exercise or training program. Body mass and 

height were measured pre and post intervention 

using standard techniques. Ethical approval for 

the study was granted by the Robert Gordon 

University School of Health Sciences Research 

Review Group and participants provided written 

informed consent prior to taking part in the study.  

 

Intervention 

The circuit based training session 

consisted of nine stations of pneumatically 

controlled resistance based equipment, with each 

station designed to target a specific movement and 

muscle group (Easyline Range, Technogym Ltd, 

UK). Details of each piece of equipment, the 

movement required and muscle groups targeted 

are presented in Table 1.  

Three pressure ranges were available and 

the mid-level setting was used as the default 

setting, with individual participants increasing or 

decreasing the compression as required. At each 

station participants undertook two sets of 60 

seconds of continuous effort on each machine, 

with 30 seconds of rest allocated between each set, 

before getting up and moving to the next station. 

This was continued until each participant had 

completed a full circuit of nine exercises. 

Participants were not provided specific 

instructions on intensity, but were encouraged to 

fully engage in each set. Each session was 

preceded by a warm-up session that lasted 

approximately 10 minutes comprising seated 

mobilisation and pulse raising movements and 

concluded with a cool-down using similar 

movements. Each session lasted approximately 

one hour in total. Four regular time slots were 

made available per week, with a capacity of nine 

participants per session. Participants were requ-

ested to attend a minimum of one class per week, 

but had the option to attend more than that if they 

so wished, simulating the manner in which these 

sessions are made available within the community 

in which this study was based.  

 

Balance assessment 

Two standing balance tasks were 

selected to assess participant’s ability to maintain 

postural control. These balance tests included 

double limb standing with eyes open and closed. 

Participants were instructed to position hands on 

their hips and remain as stationary as possible for 

the duration of the test. COP data were collected 

using a single force platform (Accupower, AMTI, 

Massachusetts, USA) over a period of 20 s. The 

outcome measure used to assess balance was the 

total COP path length. Given that each trial was of 

fixed duration, these COP path lengths are 

equivalent to the average COP velocity. A total of 

three trials were performed for each balance task, 

with the average of the two closest COP path 

lengths selected for further analysis. Force 

platform data were sampled at 200 Hz and based 

on a frequency content analysis filtered using a 

digital fourth-order low-pass Butterworth filter 

with a cut-off frequency of 20 Hz.  

 

Gait assessment 

Temporal and spatial gait variables were 

assessed using a 6 m long walkway, incorporating 

18,432 pressure sensors (GaitRite®, CIR Systems 

Inc.). As the participant ambulated across the 

walkway, the system captured the geometry and 

the relative arrangement of each footfall as a 

function of time. Variables assessed included 

distance, ambulation time, velocity, mean normal 

velocity, cadence and a functional ambulatory  

profile (FAP) score, which combined a number of 

the spatial and temporal variables to provide a 

single, valid and reliable numerical representation 

of gait [18]. Participants walked across the 
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walkway three times, with the average of the two 

closest recordings selected for further analysis.   

 

Shoes were worn, but walking aids were not 

permitted. 

 

Table 1. Pneumatic resistance equipment  

 

Machine Movement Muscle Group 

Shoulder press – lat pull 

down 

Upper body push and pull movement 

in the frontal plane. 

Deltoid, trapezius, latissimus 

dorsi 

Chest press – Seated row Upper body push and pull movement 

in the sagittal plane. 

Pectorals, lattisimus dorsi, 

rhomboids 

Hip adductor – hip abductor Lower body adduction and 

abduction 

Tensor fascia latae, gluteus, 

adductors 

Leg extension – leg curl Flexion and extension at the knee. Quadriceps, hamstrings 

Pec dec – rear delt fly Upper body abduction and 

adduction. 

Pectorals, rhomboids, deltoid 

Arm curl – arm extension Flexion and extension at the elbow 

in the sagittal plane. 

Biceps, triceps 

Squat Bending to extension movements 

from a standing position.  

Quadriceps, gluteus, hamstrings 

Leg press Bending to extension movements 

from a seated position.  

Quadriceps, gluteus, hamstrings, 

gastrocnemius, soleus.  

Abdominal curl – back 

extension 

Flexion and extension in the sagittal 

plane. 

Abdominal rectus, erector 

spinae.  

Information sourced from the “Technogym Wellness Collection Professional Edition Catalogue”.  

 

Sit to stand test 

A chair (43 cm in height) with a solid 

back and no armrests was placed against a wall for 

stability. Participants sat down with arms crossed 

over the chest. They were then instructed to stand 

up and sit down five times keeping their arms 

crossed.  They were timed throughout this 

procedure and the watch was stopped on 

completion of their fifth repetition. The five times 

sit to stand test is a commonly used physical 

performance assessment used in clinical geriatric 

studies and has been shown to demonstrate strong  

relative and absolute reliability in older adults 

[19].  

 

Data analysis 

Intra-trial reliability of gait and balance 

assessments were quantified using two-way, 

random-effects, single measure intraclass 

correlation coefficients (ICC(2,1)). For all variables, 

analysis of covariance (ANCOVA) was applied to 

examine the effects of the intervention versus the 

control. Group was selected as the independent 

variable, posttest performance was selected as the 

dependent variable, and pretest performance was 

selected as the covariate.  For each of the variables  

analysed a linear relationship between pre- and 

post-intervention values were obtained. 

Assumption of homogeneity of regression slopes  

 

was tested and met for each of the variables 

analysed (p>0.05). Finally, transformations were 

not required as within-group residuals appeared 

normally distributed based on results from 

Shapiro-Wilk tests (p>0.05). Effect sizes were 

calculated for all variables using partial eta 

squared (𝜂𝑝
2). 

 

RESULTS 
 

Descriptive and anthropometric characteristics 

 

Forty participants volunteered to take 

part in the study and were allocated to either the 

control (n = 20) or intervention group (n = 20). 

Thirty-six participants (control n = 18: 13F, 5M; 

intervention n = 18: 10F, 8M) returned for post 

testing having successfully fulfilled all 

requirements of their allocated group, 

representing an attrition rate of 10%. Participants 

within the intervention group took part in 13 ± 3 

sessions. Participant descriptive and anthro-

pometric characteristics are presented in Table 2.  

No significant differences for any 

parameter were identified at baseline and no 

significant difference in post-intervention body 

mass was obtained after adjustment for pre-

intervention values (F (1,34)=.683, p=.414, 

𝜂𝑝
2=.020).   
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Table 2. Descriptive and anthropometric characteristics  

 

  

Control Group 

 

Intervention Group 

Age (yrs) 75.6 ± 5.7 72.4 ± 5.3 

Height (m) 162.9 ± 8.9 163.6 ± 8.6 

 Pre Post Pre Post 

Body Mass (kg) 70.4 ± 24.6 70.1 ± 24.4 74.1 ± 26.9 74.0 ± 27.0 

 

Data presented as mean ± standard deviation 

 

Outcome measures  

Intra-class correlation coefficients for all 

balance and gait parameters are presented in Table 

3.  

All parameters showed strong reliability, 

with all ICC's (2,1) > 0.90 (range 0.94 – 0.99). 

Unadjusted and adjusted post intervention 

outcome measures are presented in Table 4 with 

no significant group differences identified for any 

post-intervention values related to balance or gait.  

In contrast, a significant difference between 

groups was identified for post-intervention five 

times sit to stand results (F(1,34)=8.431, p=0.006, 

𝜂𝑝
2=.218), with the intervention group reducing  

 

 

 

 

their time to complete the test by 5.8 ± 10.4 sec 

(Pre: 16.2 ± 13.4 VS Post: 10.3 ± 3.0) The large 

standard deviation reported within the mean 

change scores was due to two participants who 

substantially improved their scores post 

intervention, by 30.6 and 39.4 sec, and results 

were also analysed excluding these data points, 

resulting in a mean change of 2.2 ± 1.1 sec  (Pre: 

11.7 ± 2.9 VS Post: 9.5 ± 1.8 sec). Analysis of 

results excluding these outlying data points did 

not meaningfully influence the outcome of the 

statistical results.  

 

 

 

Table 3.  Intra-class correlation coefficients for variables related to balance and gait 

 

  

Pre-Intervention ICC (95%CI) 

 

Post-Intervention ICC (95%CI) 

 

Balance   

COP path length, eyes open 0.94 (0.89, 0.97) 0.94 (0.88, 0.97) 

COP path length, eyes closed 0.98 (0.96, 0.99) 0.95 (0.91, 0.98) 

Gait Analysis   

Distance 0.93 (0.87, 0.96) 0.94 (0.89, 0.97) 

Ambulation time 0.98 (0.97, 0.99) 0.98 (0.97, 0.99) 

Velocity 0.97 (0.95, 0.99) 0.99 (0.98, 1.0) 

Mean normal velocity 0.99 (0.98, 1.0) 0.98 (0.97, 0.99) 

Cadence 0.98 (0.97, 0.99) 0.98 (0.97, 0.99) 

FAP score 0.95 (0.90, 0.97) 0.97 (0.93, 0.99) 
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Table 4. Pre and unadjusted and adjusted scores for post-intervention variables with pre-intervention scores 

used as a covariate 

 

 Pre Unadjusted 

Post 

Adjusted Post P 

Value 
𝜼𝒑
𝟐 

 Mean  ± SD Mean ± SD Mean ± SE   

COP path length, eyes open      

Control (mm) 29.5 ± 3.8 28.1 ± 5.5 29.2 ± 1.4 
.059 .104 

Intervention (mm) 32.3 ± 6.5 34.3 ± 8.7 33.2 ± 1.4 

COP path length, eyes closed      

Control (mm) 47.6 ± 10.7 43.5 ± 14.1 43.8 ± 2.9 
.498 .014 

Intervention (mm) 48.7 ± 13.5 46.8 ± 13.5 46.5 ± 2.9 

Distance      

Control (cm) 353.5 ±24.7 361.5 ± 24.2 363.1 ± 6.0 
.414 .020 

Intervention (cm) 359.6 ± 18.4 357.7 ± 30.2 356.2 ± 5.8 

Ambulation time      

Control (sec) 2.86 ± .593 2.83 ± .476 2.89 ± .09 
.794 .002 

Intervention (sec) 2.99 ± .576 2.90 ± .719 2.89 ± .09 

Velocity      

Control (cm/sec) 128.4 ± 22.3 130.9 ± 18.2 128.6 ± 2.5 
.977 .000 

Intervention (cm/sec) 122.9 ± 18.4 126.3 ± 21.4 128.5 ± 2.5 

Mean normal velocity      

Control (leg length/sec) 1.49 ± .296 1.51 ± .233 1.46 ± .03 
.866 .001 

Intervention (leg length/sec) 1.40 ± .172 1.43 ± .225 1.47 ± .03 

Cadence      

Control (steps/min) 117.6 ± 11.4 118.1 ± 10.3 115.3 ± 1.6 
.645 .006 

Intervention (steps/min) 110.7 ± 9.3 111.6 ± 10.5 114.3 ± 1.5 

FAP score      

Control (%) 96.1 ± 4.2 96.5 ± 4.2 96.9 ± .64 
.369 .025 

Intervention (%) 96.8 ± 3.7 96.3 ± 4.1 96.0 ± .63 

Sit to Stand       

Control (sec) 10.9 ± 3.3 10.7 ± 2.5 10.9 ± .38  

0.006* 

 

.218 Intervention (sec) 11.7 ± 2.9 9.5 ± 1.8 9.3 ± .40 

M = Mean, SD = Standard Deviation, SE = Standard Error. * Significant difference in post-intervention 

values between groups after adjustment (p<0.05). Intervention group sit to stand results presented 

excluding the two outlying data points described in section 3.2. 

 

DISCUSSION 

 
The aim of this study was to evaluate the 

impact of a 10 week exercise intervention using 

pneumatically controlled resistance based 

equipment on variables related to balance, gait 

and lower extremity muscle function in a group of 

community dwelling older adults. Results 

revealed no group effect for any of the assessed 

balance and gait variables, but a statistically 

significant group effect for the five times sit to 

stand test was obtained, demonstrating enhanced 

lower extremity muscle function within the 

intervention group following participation in the 

intervention. The positive findings related to 

lower extremity muscle function, indicate that  

 

pneumatic resistance training may be considered 

a suitable and effective intervention for use in this 

group, particularly as performance on this test has 

been shown to be reflective of a number of 

parameters related to physical function [20].  

Further research and evolution of intervention 

delivery may be required, however, in order to 

elicit beneficial adaptations in the assessed 

parameters related to balance and gait in 

community dwelling older adults.   

The results reported on balance and gait 

within the current study appear to correspond to 

others when considered within the context of the 

specific design and outcome measures used 

within the current and previous studies [21-23]. In 

particular, factors related to frequency and 

specificity of training stimulus, along with 
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consideration of the baseline abilities of the 

participants may have contributed to the results 

attained. Participants completed 13 ± 3 sessions, 

which may have represented an insufficient 

training stimulus frequency, particularly as two to 

three resistance based sessions per week have 

previously been suggested as appropriate for this 

group [5, 24].  In addition, the specificity of the 

training stimulus must also be considered. The 

neuromuscular system adapts in accordance with 

the specific stimulus applied, and although gains 

in muscle mass, strength and function which may 

occur as a result of resistance training could 

contribute to balance and gait ability, a number of 

other factors are involved, including 

proprioception and co-ordination [25]. It is 

possible that any gains in muscle strength and 

function may not have been of a sufficient 

magnitude to enable transference and adaptation 

of general balance and gait performance. The 

incorporation of exercise stations that specifically 

challenge the proprioceptive ability of the 

participants using less stable movements within 

the existing circuit may be more effective in 

causing improvements in balance and gait.  

The results of the current study must also 

be considered within the context of the population 

under investigation. Many of the studies that have 

previously reported a positive effect of resistance 

training on balance and gait have been conducted 

on frail older adults [21,26,27].  

The participants within the current study 

were healthy, community dwelling older adults 

and consideration of the baseline data in 

accordance with normative values [28] suggests 

that their baseline capabilities were similar to or 

exceeded those previously reported for this age 

group. The degree of neuromuscular adaptation in 

response to training will be dependent on baseline 

capabilities and further improvements in 

individuals who report high scores at baseline is 

difficult. In addition, more challenging and 

dynamic tests may be more sensitive to 

neuromuscular changes that occur as a result of 

training. It is possible therefore that greater 

improvement may have been noted for more 

challenging dynamic tests, in which the initial 

ability of the participants is lower, or within a 

group of physiologically frail older adults, 

although further research is required to test this 

hypothesis.   

Some of the exercises which featured in 

this particular intervention could be considered to 

more specifically mimic the movement patterns 

required to complete the sit to stand test, which 

may explain the statistically significant 

improvement reported for this parameter 

(F(1,34)=8.431, p=.006, 𝜂𝑝
2=.218). For example, 

three of the nine stations  (e.g. the squat machine) 

specifically  mimicked the movement patterns 

required to perform this test, through targeting the 

quadriceps, hamstrings and gluteal muscles. In 

addition, throughout the circuit the participants 

were required to climb on and off each piece of 

equipment as they completed the nine station 

circuit, again mirroring the movement pattern 

required to complete the sit to stand test. 

Consideration of baseline characteristics revealed 

that mean baseline results from both groups were 

within reference ranges for their age category 

(10.8 ± 3.3 vs 11.7 ± 2.9 s for control and 

intervention group respectively) [29]; however, 

on completion of the exercise program, the mean 

time taken by the intervention group to complete 

the test (9.5 ± 1.8 s) were within the reference 

ranges reported as normative for a group a decade 

younger (60 – 69). The large change identified in 

two of the participants (>30 seconds) is 

noteworthy, as the original results from these 

participants indicated that they took substantially 

longer than the rest of the group at baseline, but 

were comparable post intervention. Such large 

changes within a short time period are unlikely to 

be solely due to physical adaptation, and it is 

suggested that confidence in movement ability 

may have had a role to play in this finding.  

Further research in a group of physically 

frail older adults is required in order to test this 

hypothesis. Performance of the sit-to-stand 

movement has been associated with a range of 

parameters, including lower extremity strength, 

balance and lower limb proprioception [20] and to 

be predictive of falls risk in community dwelling 

older adults [30].  

This finding may have substantial 

implications for the participants within this group 

as the physical attributes required to complete this 

movement are key elements related to 

maintenance of an active and independent 

lifestyle, which has numerous associated benefits 

to physical, psychological and social well-being 

and quality of life [8,9,31]. 

A key factor in determining the success 

of any intervention is the subjective response of 

the individuals involved, and their motivation to 

take part in the intervention. The adherence rates 

to this intervention were positive with 90% 

adherence and anecdotal evidence from the 

instructor that delivered the intervention 

suggesting a positive response, as evidenced by 

enthusiastic participation and development of a 

social atmosphere and group cohesion. 
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Incorporation of a motivational element within a 

group exercise program can be difficult given the 

range of diverse factors involved [32], however 

self-efficacy and social support have been 

reported as key motivators for exercise 

participation and adherence in older adults [33-

34].  

The self-regulated nature of the 

pneumatic equipment may enhance the 

participant’s belief in their ability to successfully 

take part in the resistance session, while the 

instructor led circuit based class provided 

opportunity for conversation and interaction 

throughout the class, thereby facilitating 

interaction and encouraging group cohesion. 

Further research is required in order to more fully 

explore the subjective response of participants to 

this type of intervention in order to assess if 

design features such as a self-regulated and circuit 

based nature may impact on motivation to 

participate in and adhere to the intervention.  

There are a number of limitations 

associated with this study, which may impact on 

interpretation of results. A convenience based 

sampling technique was used and a more truly 

randomized approach may facilitate enhanced 

isolation of study outcomes to the intervention. 

The analysis approach was however selected in 

order to reduce the likelihood of a biased result or 

type 1 error due to the sampling approach 

employed. In addition, the sample size could be 

considered small, which may increase the 

potential for type 2 error. Reducing the potential 

of falsely rejecting the null hypothesis was the 

primary focus within this project. The possibility 

of a type 2 error cannot be excluded, however 

calculation of effect sizes appeared to indicate that 

the practical impact of the intervention on 

parameters related to balance and gait were 

negligible, meaning that even if a larger sample 

was present and significance was detected the 

practical implications may not be considered 

meaningful. The intervention was run in 

accordance with the manner it would be delivered 

within the community, enhancing the ecological 

validity of the results attained; however, further 

research is recommended in relation to frequency, 

time and intensity of delivery. In addition, a test 

battery encompassing more challenging and 

dynamic balance tests may progress the 

knowledge gained from the current study.  From a 

practical point of view, results from this study do 

appear to indicate that pneumatic resistance 

exercise is a suitable and effective intervention for 

use in this population; however the mode of 

delivery may depend on the specific requirements 

of the group. For example, individuals with 

specific balance and gait difficulties may benefit 

from incorporation of more specific 

proprioceptive exercises within the existing 

circuit design, while consideration of the aerobic 

response to this intervention may provide further 

insight into its use. In addition, the design features 

suggested as suitable for this particular population 

may also render this a suitable therapeutic or 

anticipatory care intervention for other 

populations experiencing reduced physical ability, 

be it through age, disease, disability or general de-

conditioning, although further research is required 

to test this theory.   

In conclusion, results of this study 

support the use of self-regulated pneumatic 

resistance exercise, although further consideration 

may be required in relation to delivery mode. 

Results from the current study showed no 

significant group differences for any parameter 

related to balance or gait, which may be related to 

factors such as training specificity and baseline 

performance of outcome measures. A significant 

group effect was however identified for lower 

extremity muscle function as indicated by reduced 

time taken to complete the 5 times sit to stand test. 

This may have implications for the maintenance 

of physical function and independence within this 

group. This finding along with positive anecdotal 

reports related to the subjective response of the 

participants appears to support the use of 

pneumatically controlled equipment as a means to 

increase physical activity and subsequent physical 

function in older adults, although further research 

is required in order to identify the optimum 

delivery modality.  

 

Acknowledgements  
 

This research was supported by an unrestricted 

grant from the Aberdeen City Re-Shaping Care 

for Older People Change Fund.  

 

Conflicts of interest  
 

None of the authors have any conflict of interest 

to report.  

 

Authors’ contribution 

 
The study was designed by ED, PS, SMC and PC. 

Data were collected by SMC and analysed by PS. 

Data interpretation and manuscript preparation 

were undertaken by all authors.  

 



Prog Health Sci 2015, Vol 5, No 1 Active ageing and pneumatic resistance exercise 

128 

 

REFERENCES 

 
1. Xue QL. The frailty syndrome: Definition and 

natural history. Clin Geriatr Med.  2011 Feb; 

27(1):1-15.  

2. Clegg A, Young J. The frailty syndrome. Clin 

Med. 2011 Feb;11(1):72-5.  

3. Millor N, Lecumberri P, Gomez M, Martinez-

Ramirez A, Izquierdo M. An evaluation of the 

30-s chair stand test in older adults: Frailty 

detection based on kinematic parameters from 

a single inertial unit. J Neuroeng Rehabil. 

2013 Aug;10:86.  

4. Schwenk M, Howe C, Saleh A, Mohler J, 

Grewal G, Armstrong D, Najafi B. Frailty and 

technology: A systematic review of gait 

analysis in those with frailty. Gerontology. 

2014 Aug;60(1):79-89.  

5. Chodzko-Zajko WJ, Proctor DN, Fiatarone-

Singh MA, Minson C, Nigg CR, Salem GJ, 

Skinner JS. American College of Sports 

Medicine Position Stand. Exercise and 

physical activity for older adults. Med Sci 

Sports Exerc. 2009 Jul;41(7):1510-30.  

6. Gine-Garriga M, Roque-Figuls M, Call-

Planas L, Sitja-Robert M. Salva A. Physical 

activity interventions for improving 

performance based measures of physical 

function in community dwelling, frail older 

adults: A systematic review and meta-analysis. 

Arch Phys Med Rehabil. 2014 Apr;95(4):753 

-69.  

7. Landi F, Mazetti E, Martone AM, Bernebei R, 

Onder G. Exercise as a remedy for sarcopenia. 

Curr Opin Clin Nutr Metab Care. 2014 Jan;17 

(1):25-31.  

8. Bean JF, Vora A, Frontera WR. Benefits of 

exercise for community dwelling older adults. 

Arch Phys Med Rehabil. 2004 Jul;85(7 Suppl 

3):S31-42.  

9. Nelson ME, Rejeski WJ, Blair SN, Duncam 

PW, Judge JO, King AC, Macera CA,  

Castaneda-Suppa C. Physical activity and 

public health in older adults: 

Recommendations from the American 

College of Sports Medicine and the American 

Heart Association. Circulation. 2007 Aug;116 

(9):1094-1105.  

10. Frost DM, Croning J, Newton RU. A 

biomechanical evaluation of resistance: 

Fundamental concepts for training and sports 

performance. Sports Med. 2010 Apr;40(4): 

303-26.  

11. Chandler TJ, Brown LE. Conditioning for 

strength and human performance. Baltimore 

(USA). Wolters Kluwer Health; Lipincott 

Williams and Williams. 2008. Chapter 5, 

Biomechanics of resistance exercise; p. 77.94. 

12. Pauluus DC, Reiser RF, Troxell WO. 

Interactive variable resistance exercise system 

concept and preliminary results. Biomed Sci 

Instrum. 2008 Jan;44:237-42.  

13. Chaparro A, Rogers M, Fernandez J, Bohan M, 

Dae Choi S, Stumpfhauser L. Range of motion 

of the wrist: Implications for designing 

computer input devices for the elderly. Disabil 

Rehabil. 2000 Sep;22(13):633-7.  

14. Saywell N, Taylor D, Boocok M. During step 

descent, older adults exhibit decreased knee 

range of motion and increased vastus lateralis 

muscle activity. Gait Posture. 2012 Jul;36(3): 

490-94.  

15. Latham NK, Bennett DA, Stretton CM, 

Anderson CS. Systematic review of 

progressive resistance strength training in 

older adults. J Gerontol A Biol Sci Med Sci. 

2004 Jan;59(1):48-61.  

16. deVos N, Singh NA, Ross DA, Stavrinos Tm, 

Orr R. Optimal load for increasing muscle 

power during explosive resistance training in 

older adults. J Gerontol A Biol Sci Med Sci. 

2005 May;60(5):638-47.  

17. Orr R, deVos N, Singh NA, Ross DA, 

Stavrinos TM, Fiatarone Singh MA. Power 

training improves balance in health older 

adults. J Gerontol A Bio Sci Med Sci. 2006 Jan; 

61(1):78-85.  

18. Bilney B, Morris M. Webster K. Concurrent 

related validity of the GAITRite walkway 

system for quantification of the spatial and 

temporal parameters of gait. Gait Posture. 

2003 Feb;17(1):68-74.  

19. Goldberg A, Chavis M, Watkins J, Wilson T. 

The five times sit-to-stand test: Validity, 

reliability and detectable change in older 

females. Aging Clin Exp Res. 2012 Aug;24 

(4):339-44.  

20. Lord SR, Murray SM, Chapman K, Munro B, 

Tiedemann A. Sit to stand performance 

depends on sensation, speed, balance and 

psychological status in addition to strength in 

older people. J Gerontol A Biol Sci Med Sci. 

2002 Aug;57(8):539-43.  

21. Cadore EL, Rodriquez-Manas L, Sinclair A, 

Izquierdo M. Effects of different exercise 

interventions on risk of falls, gait ability and 

balance in physically frail older adults. 

Rejuventation Res. 2013 Apr;16(2):105-14.  

22. Howe TE, Rochester L, Neil F, Skelton DA, 

Ballinger C. Exercise for improving balance in 



Prog Health Sci 2015, Vol 5, No 1 Active ageing and pneumatic resistance exercise 

129 

 

older people (review). Cochrane Database 

Syst Rev. 2011 Nov;11.  

23. Orr R, Raymond J, Fiatarone-Singh M. 

Efficacy of progressive resistance training on 

balance performance in older adults: A 

systematic review of randomized controlled 

trials. Sports Med. 2008 Apr;38(4):317-43.  

24. Baker ML, Atlantis E, Fiatarone-Singh, MA. 

Multi-modal exercise programs for older 

adults. Age Ageing. 2007 Jul;36(4):375-81.  

25. Prince F, Corriveau H, Hebert R, Winter DA. 

Review article: gait in the elderly. Gait Posture. 

1997;5:128-35.  

26. Barnett A, Smith B, Lord SR, Williams M, 

Baumand A. Community based group exercise 

improves balance and reduces falls in at-risk 

older people: A randomized controlled trial. 

Age Ageing. 2003 Jul;32(4):407-14.  

27. Hauer K, Rost B, Rutschke K, Opitz H, Specht 

N, Bartsch P, Oster P, Schliert G. Exercise 

training for rehabilitation and secondary 

prevention of falls in geriatric patients with a 

history of injurious falls. J Am Geriatr Soc. 

2001 Jan;49(1):10-20.  

28. Hollman JH, McDadem EM, Petersen RC. 

Normative spatiotemporal gait parameters in 

older adults. Gait Posture. 2011 May;34(1): 

111-18.  

29. Bohannon RW. Reference values for the five 

repetition sit to stand test: A descriptive meta-

analysis of data from elders. Percept Mot 

Skills. 2006 Aug;103(1):215 – 22.  

30. Tiedemann A, Shimada H, Sherrington C, 

Murray S, Lord S. The comparative ability of 

eight functional mobility tests for predicting 

falls in community-dwelling older adults. Age 

Ageing. 2008 Jul;37(4):430-5.  

31. Pucci F, Rech CR, Fermino RC, Reis RS. 

Association between physical activity and 

quality of life in adults. Rev Saude Publica. 

2012 Feb;46(1):166-79.  

32. Chao D, Foy CG, Farmer D. Exercise 

adherence among older adults: Challenges and 

strategies. Control Clin Trials. 2000 Oct;21(5 

Suppl): 212S – 17S.  

33. McAuley KA, Jerome GJ, Narsky S, Marquez 

DX, Ramsey SN. Predicting long term 

maintenance of physical activity in older 

adults. Prev Med. 2003 Aug; 37(2):110-8.  

34. Schutzer KA, Graves BS. Barriers and 

motivations to exercise in older adults. Prev 

Med. 2004 Nov;39(5):1056-61.  


	coversheetJournalArticles
	120-129 Dolan impact of a self-regulated

	OA: GOLD
	OA Logo: 
	AUTHORS: DOLAN, E., SWINTON, P., MCCOY, S. and CARVER, P.
	TITLE: The impact of a self-regulated pneumatic resistance intervention on variables related to balance, gait and lower extremity muscle function in community dwelling older adults.
	YEAR: 2015
	Publisher citation: DOLAN, E., SWINTON, P., MCCOY, S. and CARVER, P. 2015. The impact of a self-regulated pneumatic resistance intervention on variables related to balance, gait and lower extremity muscle function in community dwelling older adults. Progress in health sciences [online], 5(1), pages 120-129. Available from: http://progress.umb.edu.pl/node/157
	OpenAIR citation: DOLAN, E., SWINTON, P., MCCOY, S. and CARVER, P. 2015. The impact of a self-regulated pneumatic resistance intervention on variables related to balance, gait and lower extremity muscle function in community dwelling older adults. Progress in health sciences, 5(1), pages 120-129. Held on OpenAIR [online]. Available from: https://openair.rgu.ac.uk
	Version: PUBLISHED
	Publisher: UMB
	Series: Progress in health sciences
	ISSN: 2083-1617
	eISSN: 2083-6260
	Set statement: 
	License: BY-SA 4.0
	License URL: https://creativecommons.org/licenses/by-sa/4.0
	CC Logo: 
		2016-07-19T14:48:19+0100
	OpenAIR at RGU




