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ABSTRACT

An age-related decline in balance increases fall risk in the 
elderly. Balance testing supported with therapeutic exercise may 
lower risk and improve tasks of daily living. The Rehabilitation 
Artificial Physical Intelligence Database (RAPID) Computerized 
Portable Foot Pressure Mat System is a novel technology
that can provide meaningful objective performance metrics 
that cannot be measured with traditional pre-post cardiac 
rehabilitation (CR) program balance testing. In January 2021, 
Mayo Clinic-Arizona CR integrated this technology into clinical 
practice. Mayo Clinic CR Enterprise balance testing procedures 
continue as normal, with the added benefit of the RAPID 
System, and the option to conduct specialized balance tests 
such as the modified Clinical Test of Sensory Interaction in 
Balance (mCTSIB) and the 4-Stage Balance Test (4-SBT). A 
foot pressure mat connects to the computer via a USB cable, 
which ensures patient privacy. RAPID’s secure cloud-based 
software program interprets the pressures on the mat to 
display graphical feedback on an exam room computer screen.
The RAPID software decodes peak foot pressure, weight
distribution and Center of Pressure (CoP) associated with lower 
extremity limitations and instability. RAPID’s CoP Sway Index
is an objective quantification of postural sway and indicates 
the standard deviation of the patient’s average position from 
the center. A higher score measured in total sway centimeters
indicates a limited ability to remain steady during testing. RAPID 
can also measure ground reaction force, body alignment, 
loading patterns and force-time relationships to better 
understand neuromuscular imbalances, performance deficits 
and instabilities. Results are securely stored in the RAPID 
Technology portal for viewing by the clinician. The software 
uses RAPID’s artificial intelligence to recommend evidence-
based therapeutic exercises based on test results. The clinician 
can use this feedback to customize an individualized exercise 
plan. The patient views video demonstrations and practices 
these exercises onsite with clinician supervision. The mat also 
has the versatility to be used for biofeedback training. Repeated 
measures balance testing provides both the clinician and patient 
feedback about progress. Another application includes the 
option to assign the video demonstrations to the patient via an 
institution approved Connected Health (CH) platform. Patients 
can access the videos on a mobile device at home. The CR staff 
have found these applications of technology to be user friendly 
and the objective metrics generated have the potential to 
improve the patient experience.

FUTURE DIRECTIONS

Currently, Mayo Clinic Enterprise balance testing procedures continue as normal, with the
added benefit of the RAPID System, and the option to conduct specialized testing such as
the mCTSIB and the 4-SBT.

A future application of the RAPID System includes the option to assign patients video 
demonstrations of prescribed therapeutic exercises via an institution approved Connected 
Health platform. Patients could then access the videos on a mobile device at home.

The Mayo Clinic Enterprise CR Research Group are exploring the possibility of conducting 
a large-scale research investigation to evaluate the application of balance testing the 
RAPID System, which would provide objective performance metrics in a diverse CR early 
outpatient population. Normative data would improve fall risk stratification and help guide 
strategic rehabilitation efforts to enhance physical function.

LEARNER OBJECTIVES

1 Understand the rationale for the balance testing in 
CR.

2 Describe testing procedures for the mCTSIB and 
4-SBT.

3 Identify a process to evaluate balance with the 
RAPID System and prescribe therapeutic exercise.

The modified Clinical Test of Sensory 
Interaction in Balance (mCTSIB)

The mCTSIB provides a generalized assessment of the patient’s 
ability to integrate a combined contribution of input from
the different senses within the body to control balance while 
making compensations when one or more of those senses 
are compromised. The patient is challenged to remain still in a 
balanced position for 20 seconds in 4 test conditions, which 
progressively increases the demand on the senses to remain
balanced. The clinician can evaluate each of the senses through 
a process of elimination as described below.

Test Conditions
Eyes open, firm surface – Tests all three balance related sensory 
inputs: Visual, somatosensory and vestibular.

Eyes closed, firm surface - Visual is not available; consequently, 
somatosensory and vestibular are tested. Somatosensory
input consists of proprioception and touch, which allows the 
muscles to make continuous automatic adjustments to maintain 
balance and avoid falls. If the patient performs poorly, the 
somatosensory or vestibular system may be compromised, 
which increases visual dependency.

Eyes open, unstable surface (foam) – Somatosensory is 
compromised; consequently, visual and vestibular are tested. 
If the patient performed poorly, visual or vestibular may be 
compromised, which increase somatosensory dependency.

Eyes closed, unstable surface (foam) - Visual is not available and 
somatosensory is compromised; consequently, only vestibular
is tested. The vestibular system is responsible for processing 
information about movement with respect to gravity;
more specifically rotation, acceleration/deceleration, head 
stabilization and works with the visual system to stabilize the 
eyes and maintain posture during exertion. Vestibular disorders 
cause a feeling of dizziness and unsteadiness. For the elderly 
this may be evident while performing activities of daily living. If 
performance is limited, the vestibular system may be disrupted.

Four Stage Balance Test

The 4-SBT is a component of the Stopping Elderly Accidents, 
Deaths & Injuries (STEADI) toolkit compiled by the Centers 
for Disease Control for the purpose of assisting healthcare 
professionals with the task of identifying patients at lower, 
moderate and higher risk for falls.24The test assesses an 
individual’s ability to remain stable for 10 seconds with eyes 
open on a firm surface in 4 test conditions, which requires a 
progressive demand on neuromuscular control; Side-by-Side 
Stand, Semi-Tandem, Tandem and/or Single-Leg Balance 
(See Figure 1). The clinician records the time in seconds 
achieved before failure when conducting traditional test 
procedures. However, this testing procedure does not not 
capture objective metrics to quantify the quality of balance 
performance.

METHODS

CONCLUSION

The CR staff have found these applications of technology to be user friendly and the 
objective metrics generated have the potential to improve the patient experience.

Rehabilitation Artificial Physical Intelligence Database (RAPID) 
Computerized Portable Foot Pressure Mat System

Computerized posturography involves balance testing with the 
assistance of technology. In January 2021, Mayo Clinic-Arizona 
CR integrated the Rehabilitation Artificial Physical Intelligence 
Database (RAPID) Computerized Portable Foot Pressure Mat 
System into clinical practice.

A RAPID foot pressure mat is connected to an exam room 
computer via a USB cable, which ensures patient privacy
(See Figure 2). Balance testing conducted while standing on the
mat gives the clinician objective performance metrics about the 
quality of performance (See Figures 3-4).

REFERENCES

1 MkacherW, Kekki M, et al. 2015, Effect of 6 months of balance training during pulmonary rehabilitation in patients with COPD. J of Card Rehab and Prev, pp. 35:207-213.

2 Haddad M, John M, etal. 2016, Role of the timed up and go test in patients with chronic obstructive pulmonary disease. J of Cardio Rehab and Prev, pp. 36:49-55.

3 Audelin M, Savage P, AdesP. 2008, Exercise-based cardiac rehab for very old patients (>75 Years). J of Card Rehab and Prev, pp. 28:163-173.

4 Rikli R, Jones J. 1999, Development and validation of a functional fitness test for community-residing older adults. J of Age and Phys Act, pp. 7:129-161.

5 Sharifi F, Fakhrzadeh H, etal. 2015, Predicting risk of the fall among aged adult residents of a nursing home. Arch Gerontol Geriatr, pp. Sept-Oct: 61(2): 124-130.

6 Balasubramanian CK, Clark DJ, et al. 2015, Validity of the gait variability index in older adults: effect of aging and mobility impairments. Gait Posture, pp. May: 41(4): 

941-946.

7 Cook G, Burton L, et al. Movement: Functional Movement Systems: Screening, Assessment, and corrective strategies. Aptos, CA : On Target Publications, 2010.

8 Guralnik JM, Simonsick EM, Ferrucci L, et al. 1994, A short perfomance battery assessing lower extremity function: Association with self-reported disability and prediction 

of mortality and nursing home admission. J Gerontol Med Sci, pp. 49, 2:M85-M94.

9 Guralnik JM, Ferrucci L, Simonsick EM, et al. 1995, Lower extremety function in persons over the age of 70 yearsas a predictor of subsequent disability. New England 

Journal of Medicine, pp. 332:556-61.

10 Volpato S, Cavallini Mc, Sioulis F, et al. 2011,Predictive value of the short physical performace battery following hospitilization in older patients. J  Gerontol A Biol Sci Med 

Sci, pp. 66:89-96.

11 R, Gary. 2012, Evaluation of frailty in older adults with cardiovascular disease: incorporating physical performace measures. J of Cardiovascular Nursing, pp. 27:121-131.

12 NIH. 2012, Evaluation of frailty in older adults with cardiovascular diseases. J of Cardiovasc Nurs, pp. March:27(2): 120-131.

13 Studenski S, Perera S, Wallace D, et al. 2003, Physical performace measures in a clinical setting. J Am Geriatr Soc, pp. 51:314-322.

14 Shamliyan T, Talley KM, Ramakrishanan R, Kane RL. 2013, Association of frailty with survival: a systematic literature review. Age Res Rev, pp. 12:719-36.

15 Karindanta S, Heinonen A, Sievanen H, et al. 2007, A multi component exercise regimen to prevent funcitonal decline and bone fragility in home-dwelling elderly women: 

randomized, controlled trial. Osteoporos Int., pp. 18(4): 453-62.

16 Liu-Ambrose T, Khan KM, Eng J J ,  et al. 2004, Balance improves with resistance or agility training. Increase is not correlated with objective changes in fall risk and physical 

abilities. Gerontology,pp. 50(6): 373-82.

17 Liu-Abrose T, Khan KM, Eng J J ,  et al. 2004, Resistance and agility training reduce fall risk in women aged 75 to 85 with low bone mass: A 6 month rendomized, controlled 

trial. J Am Geriatr, pp. 52(5): 657-65.

18 Bottaro M, Machado S, Nogueira W, ScalesR, et al. 2007, Effect of high versus low-velocity resistance training on muscular fitness and functional performance in older 

men. EurJ Appl Physiol, pp. 99:257-264.

19 Earles DR, Judge JO, Gunnarsson OT. 1997, Power as a predictor of functional ability in community dwelling older persons. Med Sci Sports Exerc, p. 27(5 suppl):S11.

20 Foldvari M, Clark M. Laviolette LC, et al. 2000, Association of muscle power with functional status in community-dwelling elderly women. J  Gerontol A Biol Sci Med Sci, pp. 

55A:M192-199.

21 ACSM. 2011, Quantity and quality of exercise for developing and maintaining cardiorespiratory musculoskeletal, and neuromotor fitness in apparently healthy adults: 

Guidance fof prescribing exercise. Med Sci Sport Ex, pp. 1334-1359.

22 Akalan C, Scales R, Cornella KA, et al. 2012, Assessing muscular power with a portable device in a clinical setting. Med Sci in Sport Ex, Abstract 2455, pp. 44, 5: S446-447.

23 American Physical Therapy Association. Clinical Test of Sensory Interaction and Balance (CTSIB). [Access date: February 18th, 2021]; Available from https://www.apta.org/ 

patient-care/evidence-based-practice-resources/test-measures/clinical-test-of-sensory-interaction-and-balance-ctsib

24 Centers for Disease Control and Prevention: National Center for Injury Prevention Control. The 4-Stage Balance Test. [Access date: February 18th, 2021]; Available from 

https://www.cdc.gov/injury/Steadi.

25 Cohen H, Blatchy CA, Gombash LL. 1993, A study of the clinical test of sensory interaction and balance. Physical Therapy, 73, 6: pp. 346-351.

26 Rossiter-Fornoff JE , Wolf, S L, Wolfson LI, Butchner DM. 1995, A cross-sectional validation study of the FICSIT common data base static balance measures. Frailty and 

Injuries: Cooperative Studies of Intervention Techniques. J Gerontol A Biol Sci Med Sci. 50: 6: M291-297.

27 Pagnacco, G, Oggero, E, Frederick R Carrick FR. 2008, Repeatability of posturographic measures of the mctsib static balance tests a preliminary investigation. Biomedical 

Sciences Instrumentation, 44: pp. 41-46.

28 Llorens R, Latorre, J, Noé E, Keshner, EA. 2016, Posturography using the Wii Balance Board™: A feasibility study with healthy adults and adults post-stroke. Gait & Posture, 

43: pp. 228-232.

29 Gupta, A, Prasad, BK. 2018, Assessment of balance by posturography: A comparativestudy in pre and post operative patients undergoing canal wall up and canal wall down 

mastoidectomy. J Otorhinolaryngol Disord Treat, 1:1.

BACKGROUND

With the increased aging population, cardiac and pulmonary 
rehabilitation is starting to recognize the importance of 
improved physical function (the ability to perform physical 
tasks necessary for activities of daily life) in older adults.1-3 

There are a variety of performance evaluations that can be 
used to assess physical function in different populations.4-13 

The quantification of balance is an important component of 
physical function in older and frail patients.14 Balance testing 
with a foot pressure mat and associated software can provide 
objective performance metrics that cannot be measured
with traditional methods. A clinician can use test results to 
customize an individualized therapeutic exercise plan.15-21 Using 
a portable device to conduct a clinic-based performance 
evaluation has been well received at MCA cardiology in the 
past. 22

PURPOSE

To describe the practical application of technology to help 
cardiopulmonary professionals determine the functional status 
of older and frail patients.

Balance Testing Procedures

Examples of specialized static balance tests include the 
modified Clinical Test of Sensory Interaction in Balance 
(mCTSIB)23 and the 4-Stage Balance Test (4-SBT).24 These are 
validated and reliable tests that can be conducted without25-26

or with technology support. 27-29

METHODS

FIGURE 2

FIGURES 3 & 4

RAPID’s secure cloud-based software program that interprets the pressures on the mat to display graphical 
feedback on an exam room computer screen. Results are securely stored in the RAPID Technology portal for 
viewing by the clinician
(See Figures 5-6).

The RAPID software decodes peak foot pressure, weight distribution and Center of Pressure (CoP) associated 
with and lower extremity limitations and instability. RAPID’s CoP Sway Index is an objective quantification of 
postural sway and indicates the standard deviation of the patient’s average position from the center. A higher 
Sway Index indicates a limited ability to remain steady during testing. RAPID also measures ground reaction 
force, body alignment, loading patterns and force-time relationships to better understand neuromuscular 
imbalances, performance deficits and instabilities.

FIGURES 5 & 6

FIGURE 7

The software uses RAPID’s artificial intelligence 
to recommend evidence-based therapeutic 
exercises based on test results. The clinician can 
use this feedback to customize an individualized 
home exercise plan. The patient views video
demonstrations and practices these exercises onsite 
with clinician supervision (See Figure 7). The mat 
also has the versatility to be used for biofeedback 
training. Repeated measures balance testing 
provides both the clinician and patient feedback 
about progress.

FIGURE 1
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