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Background: Age-related changes in coordinated movement pattern of the thorax and pelvis 

may be one of the factors contributing to fall risk. This report describes the feasibility of using a 

new thoracopelvic assisted movement device to improve gait and balance in an elderly popula-

tion with increased risk for falls.

Methods: In this case series, 19 older adults were recruited from an assisted living facility. All 

had gait difficulties (gait speed ,1.0 m/s) and history of falls. Participants received 12 training 

sessions with the thoracopelvic assisted movement device. Functional performance was measured 

before, during (after 6 sessions), and after the 12 sessions. Outcomes measures were Timed 

Up and Go, Functional Reach Test, and the 10-meter Walk Test. Changes in outcomes were 

calculated for each participant in the context of minimal detectable change (MDC) values.

Results: More than 25% of participants showed changes .MDC in their clinical measures 

after 6 treatment sessions, and more than half improved .MDC after 12 sessions. Six subjects 

(32%) improved their Timed Up and Go time by .4 seconds after 6 sessions, and 10 (53%) 

after 12 sessions. After the intervention, 4 subjects (21%) improved their 10-meter Walk Test 

velocity from limited community ambulation (0.4–0.8 m/s) to functional community ambula-

tion (.0.8 m/s).

Conclusion: Thoracopelvic assisted movement training that mimics normal walking pattern 

may have clinical implications, by improving skills that enhance balance and gait function. 

Additional randomized, controlled studies are required to examine the effects of this interven-

tion on larger cohorts with a variety of subjects.

Keywords: gait, balance, older adults, training

Introduction
Approximately 30% of community-dwelling adults over the age of 65 fall at least 

once a year.1 Among those with Parkinson’s disease, mild cognitive impairment, or 

dementia, this percentage increases to 60%–80%.2 Many intrinsic and extrinsic fac-

tors can lead to falls among the elderly.3 Thus, developing effective interventions to 

prevent falls is a challenging task.

Studies have shown age-related changes in coordinated movement pattern of the 

thorax and pelvis during task performance.4–6 For instance, due to reduced use of thora-

columbar rotation, older adults demonstrate a shorter reach distance while performing 

1-arm reaching tasks as compared to younger individuals.4

Reduced motor control while walking may lead to gait impairments. Moreover, most 

falls occur while walking, and reduced motor control is considered a serious risk factor 

for falls.1 A common gait impairment among the elderly is reduced trunk and pelvic 
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rotation.5 During axial trunk rotation, older adults move the 

trunk and pelvis as 1 unit, which negatively affects gait.6

Since control of trunk movement is essential to maintain-

ing balance, changes in trunk movement control may be one 

of the factors contributing to fall risk.7 Additionally, pelvic 

rotation is important in adjusting crossing stride and obstacle 

clearing.8 Thus, improving pelvic and trunk rotation may 

reduce the risk of falls and increase balance.

Exercise regimens that target pelvis and trunk rotation, 

such as Tai Ji Quan, are effective in reducing falls among 

seniors.9 However, practical drawbacks such as lack of 

adherence and resource intensiveness prevent these exercises 

from being optimal interventions.10 Exercise in a relaxed, 

seated position may enhance adherence, especially among 

individuals with balance disorders. In settings with limited 

resources, the use of technology may provide a cost-effective 

approach for training.

Thus, the purpose of this case series feasibility report 

is to describe the training effects of the Balanseat (Mopair 

Technologies, Ltd., Givat Nili, Israel), a new thoracopelvic 

assisted movement device, on gait and balance in an elderly 

population at high risk for falls.

Methods
study design and participants
Residents of an assisted living home (Lev Ganim, Netanya, 

Israel) were enrolled in this rehabilitation protocol. Enroll-

ment criteria included 1) age 65–99 years 2) ability to 

ambulate at least 10 m on a flat surface, with or without an 

assistive device, 3) walking difficulty, defined as gait speed 

slower than 1 m/s (gait speed ,1.0 m/s) during 10-meter 

Walk Test (10MWT),11 and 4) 2 or more falls in the 6 months 

prior to the intervention. A fall was defined as any uninten-

tional event in which any part of the body above the ankle 

makes contact with the floor, the ground, or a lower surface. 

Excluded were any individuals who had a major orthopedic 

or neurological disorder that could affect gait speed (such as 

post-stroke or amputation), or other disease that prevented 

their participation. Twenty-six individuals were approached 

for eligibility, and 19 subjects met the enrollment criteria and 

were included in the protocol. Of the participants, 5 were 

males and 14 were females. The average age was 83.3 (SD 

6.2 years). Written informed consent was provided by the 

participants. Data collection was approved by the institute 

(Lev Ganim).

Intervention
Treatment included 12 sessions of training with the Balanseat 

thoracopelvic assisted movement training device (Figure 1). 

The Balanseat is a motorized chair-like device designed to 

rehabilitate walking and balance. It applies gentle contralat-

eral movement between the trunk, the pelvis, and the thighs 

to emulate normal human walking pattern.

The Balanseat’s scientific background is based on 2 con-

cepts. The mechanical concept reflects exertion of a passive 

movement in a specific plane that may increase the ability 

of relevant joints to pass through a predetermined range of 

motion.12 For the motor control concept, the device increases 

the sensory feedback from mechanosensory afferents to 

improve the dynamic control of movement.13

Participants received treatment while sitting in the device, 

which has 4 motor-controlled platforms. The pelvis and 

shoulder platforms emulate the torso’s contralateral move-

ments, while the 2 thigh platforms move in opposite direc-

tions from each other. All platforms move in synchronization 

to emulate a slow, rotational “walking-like” pattern. When 

activated, the Balanseat’s pelvis platform moves through an 

angular range of 8°; the shoulder and thigh platforms range 

of motion is 4°. The speed of movement can be set according 

to the individual user’s needs.

Sessions took place twice a week (on the same days), 

over 6 weeks. Each session included ~30 minutes of training 

with the Balanseat, followed by 20 minutes of posture gait 

training. The entire session was supervised by a clinician. 

The default rotational speed of the device is set to complete 

the platform’s total range of motion within 5 seconds. 

During training, the subjects were asked to pay attention to 

the rotational movement. The system enables the clinician 

to increase or decrease the default velocity by 25% (down 

to pause of movement or up to cycle within 2.5 seconds). 

The 30 minutes of training with the Balanseat were comprised 

Figure 1 The Balanseat thoracopelvic assisted movement training device.
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of 7 segments, each lasting 3–5 minutes. The first and last 

segments were always 25% slower than the default speed. 

The second and sixth segments were set to the default speed. 

The 3 remaining segments were tailored to each participant’s 

gait velocity and subjective feedback (ie, for those with faster 

walking speeds, the cycle speed was increased to the level 

they reported they were able to concentrate on the move-

ment sensation). Breaks between movement segments were 

provided as needed. During the 20 minutes of gait train-

ing, participants were encouraged to walk at varied speeds 

(ie, comfortable and fast), while maintaining a gait pattern 

that utilized trunk movements similar to those achieved by 

the Balanseat. No additional instructions or training were 

provided.

Outcome measures
Outcomes were measured before, during (after 6 sessions), 

and again after the intervention (12 sessions) and included 

the Timed Up and Go test (TUG), the Functional reach test 

(FRT), and the 10MWT. The TUG measures the time it takes 

a person to stand up from a chair, walk 3 m, turn, and return 

to sit on the chair. This test was chosen because it is a com-

monly used, recommended assessment of gait and balance in 

older people. It is also effective in identifying elderly indi-

viduals who are prone to falls.14 The FRT assesses patients’ 

stability by measuring how far they can reach forward with 

their arms without taking a step. The FRT is a good indica-

tor to identify those at high risk of falling among elderly 

individuals.15 The 10MWT measures mobility by assess-

ing walking speed over a short duration. Walking speed is 

a valid, reliable, and sensitive measure for assessing and 

monitoring functional status.16 Participants were allowed to 

use their walking assistive device during the 10MWT and the 

TUG tests.

Data analysis
All changes in outcome measures were evaluated using each 

participant as his or her own control. The changes were 

compared with the minimal detectable change (MDC) values 

for comparable patient populations. The MDC is defined 

as the minimum change that is not likely to be attributable 

to a chance variation in measurement.17 In addition, previ-

ously established cut-off scores were adopted for the current 

analysis.

For the TUG, the MDC was set at 4 seconds based on 

values established in adults with Alzheimer’s disease18 and 

Parkinson’s disease.19 A score of $13.5 seconds was used as 

a cut-off value to identify those at increased risk of falls.20

For the FRT, the MDC was set at 4.3 cm based on values 

established in adults with Parkinson’s disease.21 A cut-off 

value ,18.5 cm was used to indicate fall risk.15

For the 10MWT, the MDC was set at 0.1 m/s. Among 

older adults without specific impairments, as well as adults 

after a hip fracture, a change in gait velocity .0.1 m/s has been 

determined as a minimal clinically important difference.22,23

Patients were also grouped according to the 3 common 

categories of ambulation: limited household ambulators 

(gait velocity ,0.4 m/s), limited community ambula-

tors (0.4–0.8 m/s), and functional community ambulators 

(.0.8 m/s). Transitioning to a higher ambulation category 

is associated with substantially better function and quality 

of life, especially with regard to mobility and community 

participation.24

To describe the treatment effect after 12 sessions, the 

results were further analyzed according to the following 

5 categories: A = no improvement, B = minor improvement 

(up to 10% change), C = moderate improvement (10%–20% 

change), D = substantial improvement, (20%–30% change), 

and E = extensive improvement (.30% change).

Results
Participant characteristics and the clinical outcome results 

(TUG, FRT, and 10MWT) before treatment (Baseline), after 

6 sessions (Mid), and after 12 sessions (End) are presented 

in Table 1. Table 2 shows the number and percentage of 

the participants whose clinical outcomes improved .MDC 

values, and/or exceeded the cut-off points during the Mid 

and End sessions, as compared to Baseline.

As depicted in Table 2, .25% of subjects showed 

changes .MDC in clinical measures after 6 sessions of 

treatment, and .50% improved .MDC after 12 sessions. 

For example, 6 subjects (32%) improved their TUG time 

by .4 seconds after 6 sessions, and this increased to 10 (53%) 

after 12 sessions. When the results of all outcome measures 

were combined, 4 subjects (21%) improved .MDC in all 

3 outcomes.

It should also be noted that some subjects enhanced 

their performance above the cut-off scores for fall risk and 

category of ambulation. For example, after 12 sessions, 

4 subjects (21%) improved their 10MWT velocity from 

limited community ambulation to functional community 

ambulation.

Figure 2 presents the analysis of the categories describing 

the treatment effect after 12 sessions. Most participants expe-

rienced minor to extensive improvement (.10%): TUG 11 

(58%), FRT 16 (84%), and 10MWT 13 (68%). At least 32% 
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of participants exhibited extensive improvement (.30%): 

TUG 6 (32%), FRT 13 (68%), and 10MWT 9 (47%).

Discussion
In this case series, an intervention with a thoracopelvic 

assisted movement training device designed to improve gait 

and balance was found feasible for the treatment of elderly 

people with gait difficulties and history of falls. Both walking 

and balance improved in a cohort of residents of an assisted 

living community. Some participants progressed from high 

fall-risk and limited in-house walking capabilities to a better 

category of ambulation. Improvements were demonstrated 

across all 3 functional tests. These results may emphasize the 

therapeutic value of the investigated intervention. No adverse 

side effects were observed, regardless of a participant’s 

results. Furthermore, though not included as an outcome 

measure, it is important to mention that all participants 

expressed a desire to continue with training.

The present results are consistent with previous evidence 

reporting that older adults can gain crucial adaptive skills 

for resisting falls through training.25,26 The ability achieved, 

as reflected by improvements in clinical outcomes, was not 

examined on a long-term basis. Yet, there is evidence that 

older adults can retain newly acquired fine motor skills for 

years without retraining.27,28

Another important aspect is the method of training. In this 

case series, training was performed primarily in the seated 

position. The current results agree with those of previous 

studies that showed benefits of chair-based exercises for 

frail older people.29 Two reasons may support this method of 

Table 1 Participants’ characteristics and clinical outcomes results before treatment (Baseline), after 6 sessions (Mid), and after 12 
sessions (end) for TUG, FrT, and 10MWT

Participant Gender Age Falls TUG (seconds) FRT (cm) 10MWT (m/s)

Baseline Mid End Baseline Mid End Baseline Mid End

1 F 76 2 15 17 17 19 17 29* 0.45 0.53 0.67*
2 F 82 5 33 40 35 16 16 17 0.42 0.42 0.37
3 M 73 2 24 24 18* 8 10 16.5* 0.50 0.45 0.48
4 F 88 2 19 20 19 11 14.5 18* 0.48 0.43 0.45
5 M 83 2 13 11 12 17 21 25.6* 0.83 1.00* 1.00*
6 F 84 2 24 23 26 13 27* 17 0.45 0.50 0.43
7 F 84 2 21 15* 15* 14 22* 24.5* 0.59 0.77* 0.77*
8 F 81 2 15 13 13 21 26 30 0.71 0.77 0.77
9 F 83 5 24 16* 13* 15 24* 21.5* 0.50 0.59 0.77*
10 M 90 2 24 14* 15* 14 22* 21* 0.77 0.83 1.11*
11 F 77 2 27 19* 14* 19 21 23 0.37 0.53* 0.71*
12 F 87 2 15 14 14 15 24* 26* 0.67 0.71 0.83*
13 F 77 2 16 14 11* 24 30* 33* 0.67 0.71 0.83*
14 F 87 2 21 15* 16* 7 19* 19* 0.63 0.71 0.91*
15 F 78 5 32 34 34 9 11 15.3* 0.45 0.36 0.42
16 F 88 2 23 22 17* 18 15 16 0.56 0.53 0.67*
17 M 99 2 27 28 18* 17 12 19 0.50 0.53 0.71*
18 F 88 2 20 14* 12* 16 23* 17.5 0.53 0.63* 0.77*
19 M 78 2 9.5 9 9 25 28 29 0.91 1.11* 1.25*
Median 
(range)

83 
(73–99)

2  
(2–5)

21  
(9.5–33)

16  
(9–40)

15  
(9–35)

16  
(7–25)

21  
(10–30)

21  
(15.3–33)

0.53  
(0.37–0.91)

0.59  
(0.36–1.11)

0.77  
(0.37–1.25)

Note: *Participants who improved .MDC compared to baseline.
Abbreviations: 10MWT, 10-meter Walk Test; FrT, Functional reach Test; MDC, minimal detectable change; TUG, Timed Up and Go; F, female; M, male.

Table 2 Participants whose clinical outcomes improved more than the MDC values, and/or improved to surpass cut-off values

Test Results of intervention Mid End

TUG Change .4 seconds 6 (32%) 10 (53%)
Improved to under the fall risk cut-off (13.5 seconds) 1 (5%) 3 (16%)

FrT Change .4.3 cm 8 (42%) 11 (58%)
Improved to above the fall risk cut-off (18.5 cm) 8 (42%) 7 (37%)

10MWT Change .0.1 m/s 5 (26%) 13 (68%)
Improved to a higher category of ambulation 1 (5%) 4 (21%)

Abbreviations: 10MWT, 10-meter Walk Test; FrT, Functional reach Test; MDC, minimal detectable change; TUG, Timed Up and Go.
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training. Fall prevention programs that involve exercises per-

formed only while standing and walking unassisted might be 

too challenging for older people with compromised balance 

and mobility. In addition, practicing and acquiring a motor 

skill may be easier while performed in a relaxed position. 

Yet, it should be emphasized that the current protocol also 

involved gait training intended to reinforce the gait pattern 

and trunk movement training provided while in a seated 

position. Thus, the beneficial effects could be related to both 

types of training.

In this case series, functional performance was measured 

by 3 different outcomes, the TUG, FRT, and 10MWT. 

While adequate correlations were found between these 

outcomes,14,30 physical performance measures might not be 

useful as stand-alone tests to assess fall risk among older 

adults.31 For example, it was shown that short walk tests 

do not exhibit a high enough degree of concurrent validity 

with the 10MWT to be used interchangeably for assessing 

gait speed among older adults.32 The results obtained from 

the different outcome measures seem to indicate a positive 

influence of the intervention on different aspects of balance 

and gait.

Among the elderly, age-related degeneration of joints 

and ligaments may lead to stiffness.33 Improvements in the 

participants’ performance could be explained by a general 

decrease in stiffness in the pelvis and trunk. In addition, fear 

of falling could also lead to active stiffening due to increases 

in background muscle activity.34 The thoracopelvic assisted 

movement training might help increase joint range of motion 

and normalization of muscle activity, as documented with 

other passive motion devices.12 Increased pelvic and trunk 

motion may enhance stability, improve gait pattern, and 

decrease expenditure of muscle energy.5,6

Another explanation for the improvements seen could be 

related to the sensory feedback gained from the rotational 

movement. Decreased locomotion function in the elderly 

might be due to age-related deterioration of sensory feedback 

systems.5 Dynamic control of movement depends on sensory 

feedback from mechanosensory afferents,35 and sensory 

activity could contribute to a preprogrammed motoneuronal 

drive, such as coordination of the human walking pattern.36 

Thus, some of the positive outcomes achieved through the 

training could be related to this mechanism.

This case series has several limitations, including the 

lack of control group and the relatively small number of 

participants who resided in an assisted living home.

Although beneficial effects on gait and balance were 

demonstrated in most participants, the degree of the effect 

differed across subjects. While 68% improved their 10MW 

speed .MDC after 12 sessions, only 53% improved their 

TUG .MDC during the same period. Furthermore, 4 subjects 

(21%) improved .MDC in all 3 outcomes; however, one 

subject (5%) did not show any improvement at the 6-week 

(Mid) measurement. Thus, the beneficial results cannot be 

generalized to a broader population without further research 

examining characteristics of older adults that may lead to 

improvements in mobility and balance from this type of 

training. These investigations should be undertaken with 

larger samples including community-dwelling adults, with 

appropriate control groups. Kinematic and myoelectrical 

studies are required to understand the biomechanical effects 

of the thoracopelvic assisted movement device and to clarify 

the relation between these effects to changes in gait. Fur-

thermore, increased axial stiffness has also been implicated 

in movement disorders found in patients with neurological 

problems, such as hemiplegia and Parkinson’s disease.37 

Thus, it is suggested that future investigations include these 

patient populations. Larger studies might enable a more 

comprehensive analysis as well. Yet, it should be noted that 

descriptive data are indispensable, and if they are of good 

Figure 2 Analysis of categories used to describe the treatment effect after 12 sessions (n=19 participants).
Notes: (A) No improvement, (B) minor improvement (up to 10% change), (C) moderate improvement (10%–20% change), (D) substantial improvement, (20%–30% change), 
and (E) extensive improvement (.30% change).
Abbreviations: 10MWT, 10-meter Walk Test; FrT, Functional reach Test; TUG, Timed Up and Go.
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quality, valid and important conclusions can be drawn.38 

Finally, future research should also evaluate outcomes related 

to community ambulation, participation, and quality of life. 

The promising results of the present investigation suggest 

that such studies are warranted.

Conclusion
In summary, this case series suggests that thoracopelvic 

assisted movement training that mimics normal walking pat-

terns could have clinical implications, by facilitating skills 

that enhance balance and gait. This finding should encourage 

further research aimed at testing the utility of this form of 

training in treating individuals with gait difficulties. Addi-

tional clinical investigations, including randomized controlled 

studies with larger cohorts and variety of subjects, are required 

to accurately evaluate the clinical effect of this concept.

Disclosure
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oped the Balanseat. The authors report no other conflicts of 
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