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Measuring Program Performance
Performance Assessment Measures

• Remote Short Portable Performance 
Battery (rSPPB): Includes walking speed, 
multiple chair stands, and standing balance. 
To be performed with caregiver standby 
assist while the Veteran is viewed via the 
camera.

• Wearable sensors: Physical activity 
measured over a seven day period with a 
research grade sensor ActivPal (adherent to 
thigh, worn 24/7 x 1 week). 



Table 1. Baseline characteristics (n=45)

Mean (SD) [Range]

Age (Years) 73 (8) [51-93]

Montreal Cognitive Assessment (MoCA) 23 (4) [11-29]

Self-reported functional disability (Basic ADL) 5 (2) [1-6]  higher=better

Self-reported functional disability (Instrumental ADL) 6 (3) [0-8]  higher=better

Short Portable Performance Battery (SPPB) 5 (3) [0-11] higher=better

Actigraphy (ActivPal): % of day sedentary (by hour) 84 (10) [55-97]

Actigraphy (ActivPal): Total # steps/day 2334 (1750) [122-7568]



VVC Connection 

Success

( 1 connection)

Group 1

Fully 

Successful

n=15

Group 2

Fully 

Successful

n=8

Group 3

≥ 1 Failed 

VVC

n=11

Group 4

No VVC 

Success

n=11

Use of in-person contact No in-person ≥1 in-person ≥ 1 in-

person

≥ 1 in-person

Cognitive level (MoCA)

No impairment 24 5 (0 w/CG)* 3 (3 w/CG) 5 (5 w/CG) 7 (3 w/CG)

Mild Impairment (22-23)§ 5 (4 w/CG) 3 (3 w/CG) 2 (1 w/CG) 0

Clinical Impairment (<22)§ 1 (1 w/CG) 2 (2 w/CG) 4 (4 w/CG) 4 (3 w/CG)

Unknown 4 (1 w/CG)

Use own (non-VA) 

device

7 1 1 5

Reasons for In-Person

Preference/convenience 7 3

Expedite VVC 4

Tablet troubleshoot 1 5

Tablet return/”gave up” 1 6

Reasons for decreased 

success

Connectivity** 8 2

Device issue 1 2

Computer use difficulty 1 3

Physical Impairment** 1 3

Unknown 1

Table 3. Contributors to VVC Success During Enrollment 

and Baseline Assessment (n=45) 

Key

*CG-Caregiver

**Connectivity (WiFi [2], National connectivity issue [4], unknown [4])

**Physical impairment (dexterity [3], visual [1])

§ From Tolle et al, 2020



Summary and challenges
• Veterans with cognitive impairment (nearly two-thirds of all 

enrollees) can participate with caregiver support.

• Post-discharge Veterans have poor mobility performance and 
physical activity, some disability in basic and instrumental ADLs. 

• Veterans and their caregivers have had overall success in 
telehealth communication. However, there have been multiple 
instances of failure in a scheduled telehealth appointment.

• Wearing and returning the wearable sensors was feasible



VA Virtual Care (VVC) Integrated Tele-Occupational 
Therapy (“iTele-OT”) post-hospital discharge older 

Veterans 

• Recent promising studies leveraging an OT 

model (CAPABLE) can enhance function but 

need to be more fully piloted in Veterans and with 

the use of VVC. 

• OTs approach focuses on remediation of 

individual limitations by evaluating the cognitive, 

physical and environmental barriers present

• We plan to use these broader, integrative OT 

skills in the proposed iTele-OT program, in the VA 

Ann Arbor Healthcare System and the VA 

Cincinnati Healthcare System



VA Virtual Care (VVC) Integrated Tele-Occupational 
Therapy (“iTele-OT”) post-hospital discharge older 

Veterans 

• Recent promising studies leveraging an OT 

model (CAPABLE) can enhance function but 

need to be more fully piloted in Veterans and with 

the use of VVC. 

• OTs approach focuses on remediation of 

individual limitations by evaluating the cognitive, 

physical and environmental barriers present

• We plan to use these broader, integrative OT 

skills in the proposed iTele-OT program, in the VA 

Ann Arbor Healthcare System and the VA 

Cincinnati Healthcare System



Detection of Real-World Trips in At-Fall Risk 
Community Dwelling Older Adults Using 

Wearable Sensors 

Shirley Handelzalts1,2,3, Neil B Alexander1,4, Nicholas 
Mastruserio5, Linda V Nyquist1, Debra M Strasburg1, Lauro V 

Ojeda5, Xun Huan5

1Division of Geriatric and Palliative Medicine, Department of Internal Medicine, University of Michigan, Ann Arbor, 
MI, United States

2Department of Physical Therapy, Faculty of Health Sciences, Ben-Gurion University, Beer-Sheva, Israel
3Department of Physical Therapy, Loewenstein Rehabilitation Hospital, Raanana, Israel

4VA Ann Arbor Health Care System Geriatrics Research Education and Clinical Center, Ann Arbor, MI, United 
States

5Department of Mechanical Engineering, University of Michigan, Ann Arbor, MI, United States



1. Losses of balance (LOBs), events where balance 

control is lost at least momentarily, lead directly to falls. 

2. The mechanisms underlying LOBs, and successful 

(and unsuccessful) recovery, are not well studied in the 

real world.

3. Few studies explore the biomechanics of real world 

LOBs and falls, and frequently focus on continuous 

walking.

4. Fall studies rely on delayed, potentially inaccurate post-

fall self reports regarding the context, the intrinsic and 

extrinsic circumstances of the fall. 

5. Virtually no studies link these biomechanics to the 

context in which the LOB occurred.

Background



To investigate real-world trip responses in at-fall risk 
community dwelling older adults using inertial 
measurement units (IMUs) and concurrent participant 
reporting of the context of a trip.

Study goal



Four Inertial Measurement Units (IMUs), one mounted at 

feet, lower back and one wrist (dashed yellow line) to 

provide motion information 

Voice recorder worn on the other wrist (dashed red line) to 

provide a record of context and timing of LOB events

IMU sensor set up



Identified trips were based on IMU signals of:
LocationDescriptionParticipant

Lower 

back

Contralateral 

foot

Tripped foot

+++home, 
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Walking to back door to 

let dog in, stepped on 

cane. Fell on a bed
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Challenges and possible solutions

Challenge Possible solution

Some LOBs may be undetected 

or unreported

Machine learning algorithm for 

automated screening and 

analysis*

Observer-dependent LOB 

determination

Automated screening and 

analysis

Voice recorder needed for 

context determination

Can these algorithms also 

provide inferences regarding 

context?

What is the optimal # of IMUs 

for analysis? What number is 

feasible? 

Studies in progress

Non-daytime LOBs Studies in progress

* Hauth et al, Sensors 2021
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Gait in the real world may be slower, asymmetric, and more variable than 

gait in the clinic due to environmental or other factors not encountered 

in optimal clinic evaluations. 

Real-world gait characteristics may be more directly relevant for 

understanding a person’s mobility impairment and fall risk.

Many real world gait assessments utilize lumbar mounted wearables, but 

are limited to temporal gait measurements or make anatomical 

approximations to derive rough spatio-temporal gait parameters

Inertial Measurement Unit (IMU)-based foot tracking, i.e. Gait Tracking 

Device (GTD), provides research-grade measurements of foot 

kinematics, by adapting motion capture system validated 

methodology.* 

*Ojeda J Navigation 2007; Rebula Gait Posture 2013

Background



To determine if common, standardized mobility 
assessments (TUG and 2MinW) can be adapted to be 
reliably, repeatedly and safely administered to older 
adults in the real world using a single GTD

To use the GTD and machine learning (ML) techniques to 
analyze bouts of real-world walking

Objective



GTD placed on the shoe using a clip, and is immediately ready to stream foot 

kinematics without any anatomical or sensor calibration.

GTD is controlled by a smartphone application that allows direct electronic 

transmission of foot kinematics using internet/cloud services.

Gait metrics include pace, time, and variability

Methods and Preliminary Results

LEFT: TUG tracing of slow gait participant (~0.4 m/s) 
with 14 strides (0.3 s diff between GTD and assessor)
RIGHT: Same participant’s GTD foot velocity 
(reported at 100Hz) and calculated variability during 
2MinW: foot speed (blue lines) and stride-to-stride 
foot average speed (red dots) as well as foot 
placement variability taken during the non-turning 
segments only. 
4% difference in total distance between GTD and 
assessor likely reflecting the turning distance not 
estimated by the assessor but accounted for by the 
more accurate GTD.
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Future IMU Issues and Studies

• Lab mobility battery to determine extent of impairment and to 
determine situations that might lead to an LOB

• Prospective field study of IMUs and voice recorder and 
overall LOB and fall incidence determination

• Future customized fall reduction programs to include: 

1) Task specific training to improve safety of routine 
functional mobility and effectiveness of balance 
responses; 

2) Heightened awareness of balance control limitations;

3) Guidance for environmental modifications


