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According to the Centers for 
Disease Control and Prevention 
(CDC), in the U.S., a person over 

the age of 65 falls every second. The 
CDC furthers that one in four Americans 
aged 65 years or older will experience 
a fall each year, with 32,000 dying as a 
result. In fact, falls are the leading cause 
of injury and injury-related death for 
people in this age group. Emergency 
departments treat around 3 million 
adults over 65 for fall injuries every year, 
and one in five falls leads to serious 
injuries such as broken bones. The CDC 
states that each year, the medical cost of 
falls in the U.S. exceeds $50 billion. 

Increased fall risk is a common and 
dangerous risk of normal aging and 
research on the factors behind it and 
the prediction of falls is critical to 
safeguarding our seniors. Dr Jeannette R. 
Mahoney, a neuroscientist at the Albert 
Einstein College of Medicine in Bronx, 
New York, has researched this topic 

for over 15 years. She has co-authored 
various peer-reviewed publications 
on multisensory integration and its 
association with cognitive and motor 
performance, with many studies focusing 
on the impact of visual-somatosensory 
integration – simultaneously processing 
of visual and touch-based stimuli – on 
gait, balance, and risk of falls. Based on 
knowledge from these investigations, 
Dr Mahoney has developed CatchUTM, 
a reaction time app-based test that 
not only aims to assess fall risk in older 
people but will also provide fall-
prevention awareness through tailored 
counselling and therapeutic services.

MULTISENSORY INTEGRATION 
AND GAIT
Gait – or the way a person walks – is 
complex, requiring coordination of bones, 
joints, muscles, and brain networks. For 
successful mobility, it is vital that sensory 
information be efficiently integrated to 
control movement. Pace, rhythm, and 
variability were identified by previous 
research as independent factors of gait 
(Verghese, J. et al., 2007). Pace involves 
spatial parameters such as gait speed, 
stride length, and amount of time spent 
in double support (with both feet on 
the ground). Rhythm involves temporal 
parameters, such as steps per minute (aka 
cadence), stance time, and swing time. 
Finally, variability involves inconsistencies 
in both spatial and temporal parameters. 

In a paper published in 2018, Dr 
Mahoney and her research mentor, Dr 
Joe Verghese, hypothesised that visual-
somatosensory integration would be 
associated with spatial aspects of gait but 
not temporal, as there is overlap in the 
neural circuits involved in goal-directed 
locomotion and sensory integration.

Multisensory integration, 
mobility, and risk of falls 
in older adults

As people age, their risk of 
falling increases, which is a 
significant cause of injury 
and death. Dr Jeannette R. 
Mahoney at the Albert Einstein 
College of Medicine found 
that reaction-time based 
multisensory integration 
processes (ability to process 
multiple sensory inputs 
simultaneously) are associated 
with mobility measures and 
can be affected by declining 
cognition. Based on these 
results, Dr Mahoney developed 
a remote app-based test called 
CatchUTM, which aims to make 
multisensory integration testing 
more accessible and help older 
adults maintain their health and 
independence.

The study consisted of 333 people, 
with an average age of 76.53. Their 
gait was evaluated by the participants 
being asked 
to walk at their 
normal walking 
speed down a 
28-foot walkway 
embedded with 
pressure sensors. 
The data from 
the first and last 
4 feet walked were excluded, to 
account for acceleration at the start 
and deceleration at the end. Their 
visual-somatosensory integration was 
also tested.

The results of the visual-somatosensory 
integration test indicated that out of 
the 333 participants, 95 were superior 
integrators, 87 were good, 96 were 
poor, and 55 were deficient. Good 
and superior integrators performed 
better in many criteria than poor and 
deficient integrators. That is, they had 
faster gait velocity (103.55 cm/s vs 
95.93 cm/s), longer strides (119.84 cm 
vs 113.25 cm), less time spent in double 
support (31% vs 33%), and less stride 
length variability (3.46 vs 4.03 standard 
deviations). The researchers found that 
visual-somatosensory integration was 
associated with pace and stride length 
variability, but not rhythm, confirming 
their initial hypothesis. They suggest 
that temporal aspects of gait are more 
automatic processes, controlled mostly 
by brainstem and spinal networks that are 
less influenced by sensory inputs.

MULTISENSORY INTEGRATION 
AND FALLS
In a study published in 2019, the 
researchers assessed the link between 

somatosensory integration, static 
balance, and falls were measured. Static 
balance was assessed using a unipedal 

stance time test, where the 
time that the participant is 
able to balance on one leg 
is measured. Scoring lower 
on this test can predict 
falls and is associated with 
neuropathy. Yearly lab visits 
and telephone check-ups 
every 2-3 months were used 

to determine whether the participants 
had experienced a fall.

Out of the 289 participants, 90 were 
superior integrators, 76 were good, 79 
were poor, and 44 were deficient. Those 
who were poor or deficient integrators 
were generally older and had more 
medical issues. They also had shorter 
unipedal stance times, 13.49 seconds 
and 12.57 seconds for poor and deficient 
integrators respectively. In comparison, 
superior and good integrators had 
longer stance times of 16.43 and 16.83 
seconds. In the follow-up period where 
the researchers checked for falls, which 
lasted an average of 24 months, 52% 
of participants reported a fall. These 
participants tended to be older than 
the participants who did not fall, with 
an average age of 77.89 vs 75.35. 
Participants who fell also had shorter 
unipedal stance time, 13.54 seconds 
compared to 16.89 seconds for those who 
did not fall. Worse visual-somatosensory 
integration was associated with increased 
fall risk; participants with better visual-
somatosensory integration were 76% less 
likely to experience a fall. 

Dr Mahoney has developed 
CatchUTM, an app-based reaction 

time test to help assess fall risk and 
prevent falls in older adults.
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visual-somatosensory integration and 
falls. In a sample of 289 older adults 
with an average age of 76.67, visual-

“Grams, it is without reservation that I dedicate CatchUTM to you, in memory  
of your never-ending love, strength, support, and guidance.” – J.R. Mahoney

CatchUTM is an app-
based test that can be 
conducted on an iPhone. 
The interface shows 
a fixation cross and a 
grey button. As soon 
as something visual or 
tactile pops up on the 
screen, the user is to 
respond by clicking the 
grey response area.

Grandma Jean Sisinni
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Behind the Research

Personal Response

How do you think that the implementation of CatchUTM 
in healthcare settings will impact healthcare for aging 
individuals? 

  CatchUTM will serve as an adjunctive tool to healthcare 
professionals and results will reveal patient’s risk for falls. 
This 10-minute test will effectively provide healthcare 
professionals with easy access to available falls counseling 
and therapeutic tools to decrease fall risk and potential 
fall-related injuries, while significantly reducing the 
economic burden of falls in at-risk elderly populations. 
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Dr Mahoney studies visual-somatosensory integration in aging and its link to cognitive and motor outcomes.

Research Objectives
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stimulators that vibrate and emit 
light from LEDs. When stimulation is 
sensed (vibration, light, or both), the 
participant responds as fast as they can 
by pressing a foot pedal. White noise 
delivered via headphones blocks out 
noise from the vibration motors, and 
the interval between stimuli varied from 
1 to 3 seconds to prevent anticipation. 
The whole reaction time experiment 
lasts approximately 7 minutes, with 
3 blocks of 45 stimuli separated by 
20 second breaks. 

However, this equipment comes 
with some downsides, mainly being 
costly and immobile. Many patients 
with mobility limitations or severe 
medical conditions can find it difficult 
to get to research facilities or join 
studies that are often time consuming.  
Dr Mahoney’s own grandmother, 
Jean Sisinni, participated in several 
longitudinal research studies at 
Einstein before becoming too frail to 
continue. The genesis of the idea to 
develop a mobile multisensory app 
that could predict and prevent falls was 
influenced by this, as well as by queries 
from Dr Mahoney’s colleague Dr 

Claudene George, a geriatrician who 
kept asking, “Jeannette, how do I get 
this reaction time test in my clinic?” 
Nevertheless, this concept was truly 
developed to help older adults like 
Grandma Sisinni, who recently passed 
away on January 24th, 2021.  

CatchUTM is a 10-minute app-based test 
that can be conducted remotely on an 
iPhone, with results being transmitted 
electronically to the patient’s healthcare 
provider. Dr Mahoney believes that 
offering CatchUTM reaction time based 
multisensory assessments will aid in the 
identification of fall risk and help older 
adults maintain their independence 
through counselling and preventative 
services. An exclusive license to the 
intellectual property for CatchUTM was 
acquired from Albert Einstein College 
of Medicine in July 2021.

MULTISENSORY INTEGRATION 
TESTING AND CatchUTM

In all of the aforementioned studies, 
visual-somatosensory integration was 
tested in the lab using the experimental 
apparatus depicted in figure 1. The 
participant is seated, with their eyes 
fixed on a bullseye directly in front 
of them. In each hand, they hold 

COGNITIVE IMPAIRMENT, 
MULTISENSORY INTEGRATION, 
AND MOBILITY
With the knowledge that visual-
somatosensory integration deficits were 
linked to worse mobility outcomes, 
Dr Mahoney and her collaborators 
investigated how cognitive impairment 
could affect these two factors in a study 
published in 2020. They compared adults 
with mild cognitive impairment (MCI) and 
dementia to those without. Participants 
completed the unipedal stance test, 
quantitative gait assessment on a 28-foot 
walkway, and a visual-somatosensory 
integration reaction time test.

The results indicated that the participants 
with MCI and dementia had less effective 
visual-somatosensory integration than 
those without cognitive impairments. 
There was no observable direct effect of 
cognitive impairment on the unipedal 
stance test; however, there was a 
significant indirect effect via loss of visual-
somatosensory integration. Cognitive 
impairment significantly impaired gait, 
both directly and indirectly via lowered 
visual-somatosensory integration. Visual-
somatosensory integration was best in 
those with normal cognitive function – the 
researchers suggested this was because 
the necessary neural networks for sensory, 
motor and cognitive functioning are 
impaired in people with dementia and 
MCI. The results indicated that cognitive 
impairment is associated with decreased 
visual-somatosensory integration, which in 
turn adversely affects mobility measures 
like balance and gait.

Worse visual-somatosensory integration 
increased fall risk, and participants with 
more efficient multisensory integration 

were 76% less likely to experience a fall.

CatchUTM will aid in the identification of 
fall risk and help older adults maintain 
their independence.
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Figure 1. Participants 
rested hands 
comfortably on 
a custom-built 
apparatus while 
maintaining fixation 
on a target, and were 
required to make 
speeded responses 
to all stimuli, 
regardless of sensory 
modality, by pressing 
a foot pedal located 
under their right foot.
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