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Video capture of the circumstances of falls in elderly people
residing in long-term care: an observational study

Stephen N Robinovitch*, Fabio Feldman*, Yijian Yang, Rebecca Schonnop, Pet Ming Lueng, Thiago Sarraf, Joanie Sims-Gould, Marie Loughin

Summary

Background Falls in elderly people are a major health burden, especially in the long-term care environment. Yet little
objective evidence is available for how and why falls occur in this population. We aimed to provide such evidence by

analysing real-life falls in long-term care captured on video.

Methods We did this observational study between April 20, 2007, and June 23, 2010, in two long-term care facilities in
British Columbia, Canada. Digital video cameras were installed in common areas (dining rooms, lounges, hallways).
When a fall occurred, facility staff completed an incident report and contacted our teams so that we could collect video
footage. A team reviewed each fall video with a validated questionnaire that probed the cause of imbalance and
activity at the time of falling. We then tested whether differences existed in the proportion of participants falling due
to the various causes, and while engaging in various activities, with generalised linear models, repeated measures

logistic regression, and log-linear Poisson regression.

Findings We captured 227 falls from 130 individuals (mean age 78 years, SD 10). The most frequent cause of falling
was incorrect weight shifting, which accounted for 41% (93 of 227) of falls, followed by trip or stumble (48, 21%),
hit or bump (25, 11%), loss of support (25, 11%), and collapse (24, 11%). Slipping accounted for only 3% (six) of
falls. The three activities associated with the highest proportion of falls were forward walking (54 of 227 falls,
24%), standing quietly (29 falls, 13%), and sitting down (28 falls, 12%). Compared with previous reports from the
long-term care setting, we identified a higher occurrence of falls during standing and transferring, a lower
occurrence during walking, and a larger proportion due to centre-of-mass perturbations than base-of-support

perturbations.

Interpretation By providing insight into the sequences of events that most commonly lead to falls, our results should
lead to more valid and effective approaches for balance assessment and fall prevention in long-term care.

Funding Canadian Institutes for Health Research.

Introduction

Falls are the most frequent cause of unintentional
injuries in elderly people (aged =65 years), accounting for
90% of hip' and wrist fractures? and 60% of head injuries.’
About 30% of elderly people living independently and
50% of those in long-term care fall at least once each
year.** Clearly, prevention of falls in elderly adults is a
public health priority.

An important unrecognised challenge to care providers
in prevention of falls is the scarcity of objective evidence
of the mechanisms of falls—ie, how and why they occur.
Few previous studies have measured movements of the
body during actual falls.® Instead, understanding of the
circumstances of falls is based on interviews or incident
reports, which rely on the recall accuracy of the faller or
witness, if any, to describe the event,”™ or on laboratory-
based simulations in which participants (typically healthy
young adults) are made to trip or slip." This scarcity of
information makes accurate diagnosis of the cause of
falls difficult, and impairs development of improved
environments for elderly people, valid fall assessment
instruments, and fall prevention programmes.

We aimed to address this barrier by providing objective
evidence of the cause and circumstances of falls in

elderly adults, on the basis of analysis of real-life falls
captured on video in two long-term care facilities.

Methods

Study design and participants

We did this observational study between April 20, 2007,
and June 23, 2010, at two long-term care facilities in
Canada: Delta View, a 312 bed facility in Delta, BC; and
New Vista, a 236 bed facility in Burnaby, BC. We selected
these facilities on the basis of their existing networks of
video surveillance cameras and operational ties to the
Fraser Health Authority. All residents were eligible and
included if they had a fall captured on video during the
study period.

The study was approved by the Office of Research
Ethics at Simon Fraser University (Burnaby, BC). At the
time of admission, each resident or proxy provided
written permission to the facility to acquire video footage
in common areas, for the purpose of resident safety.
These data were shared as secondary data with our
research team. We also analysed a subset of falls that
were captured between Jan 1, and June 30, 2010, for
which we obtained written consent from participants for
access to their medical records.
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Procedures

Digital video cameras were installed in common areas
(dining rooms, lounges, hallways); Delta View had a
network of 216 cameras, and New Vista had 48. No
cameras were located in bedrooms or bathrooms. All
cameras were networked to recorders, which stored video
at a resolution of 640x480 pixels and frame rate of
between 4 and 15 frames per second.

At both facilities, the known occurrence of a fall (defined
as “an unintentional coming to rest on the ground, floor
or other lower level”?) triggered care personnel to
complete a structured incident report. Members of our
team communicated daily with care providers to review
reports, identify falls in common areas, and retrieve
corresponding video footage (the feasibility of which
depended on the number and orientation of cameras).

Each fall video was analysed by a team of at least three
experts (research assistant and graduate students trained
by one of the lead authors [SNR]), who sought consensus
on the circumstances of the fall by selecting the best
available answers in a structured questionnaire. From a
biomechanical perspective, a fall can be divided into ini-
tiation, descent, and impact stages.”* Our questionnaire
focused on two aspects of fall initiation that are
traditionally difficult to understand: cause of imbalance
and activity leading to the fall. We divided cause of fall into
seven categories (incorrect transfer or shift of bodyweight,
trip or stumble, hit or bump, loss of support with external
object, collapse or loss of consciousness, slip, or could not
tell). We defined incorrect transfer or shifting of
bodyweight as a seemingly self-induced shifting of
bodyweight, causing the centre of gravity to move outside
the base of support. This definition differs from slip, trip,
or stumble, and hit or bump because the cause of
imbalance is an internal rather than external perturbation.

New Vista Delta View Residents with Residents with Residents
residents* residents* captured fallst uncaptured not fallingt
(n=180) (n=191) (n=32) fallst (n=79) (n=152)
Demographics
Age (years) 80-8(1244)  816(103)  82:8(107) 83-8 (11:5) 81-4 (12:1)
Women 120 (67%) 116 (61%) 20 (63%) 50 (63%) 94 (62%)
Diagnoses
Alzheimer's disease 31(17%) 72 (38%) 11 (34%) 13 (16%) 32 (21%)
Diabetes 28 (16%) 37 (19%) 4 (13%) 12 (15%) 26 (17%)
Cardiac arrhythmia 6 (3%) 13 (7%) 2 (6%) 2 (3%) 4 (3%)
Hypertension 60 (33%) 87 (46%) 10 (31%) 31(39%) 56 (37%)
Hypotension 1(1%) 0 0 4 (5%) 1(1%)
Stroke 24 (13%) 40 (21%) 6 (19%) 13 (16%) 21 (14%)
Parkinson’s disease 4 (2%) 11 (9%) 2 (6%) 3 (4%) 6 (4%)
COPD 15 (8%) 17 (9%) 3(9%) 4 (5%) 13 (9%)
Data are mean (SD) or n (%). COPD=chronic obstructive pulmonary disease. *Data summarise the characteristics of all
residents with electronic medical records for January-December, 2010. tData are for January-June, 2010, when
32 residents with video-captured falls provided consent to access of medical records; of the 231 additional residents
consenting, 79 fell outside of camera view, and 152 did not fall during this period.
Table 1: Characteristics of residents

Examples of incorrect shifting of bodyweight include
leaning too far from the base of support during walking or
standing; failure to establish a stable final position during
transferring or gait termination; excessive trunk sway; an
improperly placed step during walking, with no obvious
trip or stumble; or freezing during walking as is common
in Parkinson’s disease. Collapse or loss of consciousness
included sudden loss in muscle tone, syncope, or seizure.
We divided activity at the time of the fall into 11 categories
(walking forward, standing quietly, sitting down or
lowering, initiation of walking, getting up or rising,
walking backwards or sideways, walking and turning,
standing and turning, seated or wheeling in wheelchair,
standing and reaching, or could not tell). Cases of seated
or wheeling in wheelchair included toppling over or
slipping off the chair.

Statistical analysis

For each category of cause of fall and activity at the time
of the fall, we examined the total number of associated
falls, the proportion of participants falling at least once,
and the average number of falls per participant. In cases
in which a resident fell more than once, we could not
assume that the repeated falls were independent
occurrences rather than indicative of consistent under-
lying risk factors. Accordingly, we used generalised linear
models to test whether there were differences between
the various causes of falls, and between the various
activities at the time of falling, in the proportion of
participants falling at least once (defined as [participants
captured falling at least once due to a specific cause or
activity]/[all participants captured falling]*100), and in
the average number of falls per participant.

We analysed two response variables (fall and number
of falls) with the GLIMMIX procedure of SAS System
(version 9.2). We ran separate models with cause of fall
and activity at the time of the fall as the explanatory
variable. We analysed the binary variable fall (1 when a
participant fell at least once and 0 when they never fell,
for each category of cause or activity) with repeated
measures logistic regression. We computed estimated
odds ratios and corresponding 95% Cls comparing
categories of the explanatory variables. We analysed
number of falls with log-linear Poisson regression with
repeated measures. We computed estimated ratios of the
counts, comparing categories of the explanatory variables
and corresponding 95% CIs. We used Kenward-Rogers
degrees of freedom for all comparisons.

We examined all possible pairwise comparisons of
estimates between causes, and between activities, with a
null hypothesis of equality between proportions (or
number of falls).

Role of the funding source

The sponsors of this study were not involved in
development of the study protocol, data collection, data
analysis, data interpretation, or writing of the report.
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The corresponding author had access to all data in the
study and final responsibility for the decision to submit
for publication.

Results

Residents with electronic health records at New Vista
(n=180) had a mean age of 81 years (SD 12), 67% were
women, and 17% were diagnosed with Alzheimer’s
disease (table 1). Residents at Delta View (n=191) had a
mean age of 82 years (SD 10), 61% were women, and 38%
were diagnosed with Alzheimer’s disease. In 2010, at
Delta View, 45% of falls documented on incident report
occurred in common areas, of which 65% were captured
on video. At New Vista, 34% of documented falls occurred
in common areas, of which 28% were captured on video.
Of the 130 individuals with captured falls, mean age was
78 years (SD 10), and 52% were women. 86 participants
had one video-captured fall, 26 had two falls, nine had
three, and nine had four or more, with a total of 227 falls.
We excluded from our statistical analysis fall videos with

missing resident identifications (six) and videos for
which the team could not work out the cause of fall (six)
or activity before the fall (three), leaving the analysis with
227 falls for frequency of falls, 215 falls for cause of fall,
218 falls for activity at the time of the fall, and 212 falls for
cause of fall and activity together. The Figure and videos
1-5 show examples of falls.

We assessed inter-rater reliability of the questionnaire
by comparing responses from two teams, each consisting
of three members, who analysed 15 randomly selected
videos. In keeping with our team approach to analysis in
the main study, we did not record or compare responses
from individual members, but rather only consensus
responses from each team. For cause of fall, percentage
agreement between teams was 87%. Corresponding
Cohen’s k was 0-79 (95% CI 0-53-1-0), showing strong
internal consistency. For activity at time of fall, the teams
agreed in 93% of cases, with corresponding Kk of
0-91 (0-73-1-0). We also examined intra-rater reliability
by having one team reanalyse the same 15 videos

See Online for videos

Figure: Example falls by elderly adults

(A) Incorrect weight shifting while standing and turning. While initiating a turn, this woman rotates her walker and upper body 180 degrees, while her feet remain stationary (typical of Parkinson-like
freezing). Despite eventual steps, a backward fall ensues. (B) Incorrect weight shifting while walking forward. While stepping around his dog, this man establishes too narrow a base of support, causing a
sideways fall. (C) Trip while walking and turning. While playing ball, this man initiates a turn by crossing his left leg in front of his right. He loses balance during the next step, after the toe of his right foot
collides with his left heel, resulting in a backward fall. (D) Trip while walking forward. This woman seems to attempt to steer around the foot of a lifting device, but trips on the obstacle. (E) Loss of support
with external object while sitting down. Note that the wheelchair rolls backward on contact, and is unable to provide the support necessary to complete the transfer. Videos 1-5 show these falls in full.
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12 months after their first assessment. For cause of
fall, percentage agreement was 93%, and k was
0-90 (0-72-1-0). For activity at the time of the fall,
percentage agreement was 93%, with a corresponding
k of 0-91 (0-74-1-0).

The most common cause of falls was incorrect transfer
or shifting of bodyweight, which accounted for 41% (93 of
227) of all falls captured (table 2). The estimated
proportion of participants falling because of incorrect
transfer or shifting of bodyweight (51%, table 2), and the
estimated number of falls per participant attributable to

Frequency*® Participants falling due Number of falls
to this causet per participantt
Number Percentage  Estimated 95% Cl Estimated 95% Cl
of falls proportion, count, n (SE)
captured % (SE)
Incorrect transfer or 93 41% 512% (4-5) 42:5-59-8  0-72(0-078) 0-59-0-90
shift of bodyweight
Trip or stumble 48 21% 26.0%(3-9) 191-343  0-35(0-054)  0-26-0-47
Hit or bump 25 11% 173% (3-4)  11.7-25-0 0-19 (0-040) 0-13-0-28
Loss of support with 25 11% 18:9% (3-5)  13.0-26-7 0-20 (0-041) 0-13-0-30
external object
Collapse or loss of 24 11% 16:5% (3:3) 11.0-241  0-17(0-039)  0-11-0-27
consciousness
Slip 6 3% 4-7% (1-9) 2:1-10-2 0-047 (0-020)  0-021-0-11
Could not tell 6 3%

In descending order of frequency. *Of 227 total falls captured. +Of 215 falls analysed, after exclusion of cases for which
the faller could not be identified (six), and cases for which the team could not identify the cause of the fall (six).

Table 2: Estimated proportion of participants falling at least once, and average number of falls per
participant, attributable to various causes of falling

Participants falling due to Number of falls per participant

this cause

0dds ratio p value* Ratio of counts p value*

(95%Cl) (95%Cl)
Incorrect transfer or shift of bodyweight vs
Loss of support with external objectt -5 (2:6-7-9) <0-0001 37(2:3-58) <0-0001
Slipt 211 (8-6-51-8) <0-0001 153 (6:5-36-1) <0-0001
Collapse or loss of consciousnesst -3(2:9-9:5) <0-0001 -2 (2:6-6-8) <0-0001
Hit or bumpt 0(2:8-8:9) <0-0001 8 (2:4-6-1) <0-0001
Trip or stumblet -0(1-8-5-1) <0-0001 -1(1-4-3-0) 0-0001
Trip or stumble vs
Hit or bumpt 17 (0-9-3-1) 0-097 1.8 (1-1-31) 0-02
Collapse or loss of consciousnesst 1.8(0-9-3-3) 0-069 2:0(1-2-3:4) 0-01
Loss of support with external objectt 1.5 (0-8-2-7) 018 1.8 (1:1-2-9) 0-03
Slip vs
Trip or stumblet 0-1(0-05-0-4) <0-0001 1(0-05-0-3) <0-0001
Collapse or loss of consciousnesst 0-3(0-1-0-6) 0-004 0-3(0:1-0-7) 0-007
Loss of support with external objectt ~ 0-2 (0-08-0-5) 0-001 0-2 (0-09-0-6) 0-003
Hit or bump# 0-2 (0-09-0-6) 0-003 2(0-09-0-6) 0-003

*p values are not adjusted for the 24 multiple comparisons. tProportion was greater for cause in heading than for this
cause. $Proportion was greater for this cause than for cause in heading. Table 2 shows exact number per category.

Table 3: Differences from pairwise comparison of proportions of participants falling, and average
number of falls per participant, attributable to various causes of falling

this cause (mean 0-72 falls, table 2) were significantly
greater than for all other causes (table 3).

The next most common causes of falls were trip or
stumble, loss of support with an external object, hit or
bump, and collapse or loss of consciousness (table 2).
Differences between these four causes in the estimated
proportion of participants falling were not significant.
The least common cause was slipping, which accounted
for only 3% of falls.

Of the 48 falls caused by trip or stumble, 31% (15) were
attributable to the foot catching on the ground or
difficulty in raising the foot, 29% (14) to the foot catching
on equipment (eg, wheelchair, walker, or laundry or food
cart), 25% (12) to the foot catching on furniture (eg, table
or chair), 6% (three) to one foot colliding with the other,
and 6% (three) to being tripped by another person. Of the
25 falls caused by hit or bump, 80% (20) were attributable
to being pushed or pulled by another person, and 20%
(five) to collisions with environmental objects.

The most common activity at the time of a fall was
walking forward, which accounted for 24% (54 of 227) of
falls (table 4). Three other activities were also commonly
associated with falls: standing quietly, sitting down or
lowering, and initiation of walking. Indeed, forward
walking, standing quietly, and sitting down or lowering
did not differ significantly in estimated proportion of
participants falling (table 5). The activities associated
with fewest falls were standing and reaching, standing
and turning, and seated or wheeling in a wheelchair
(table 4). 21% of falls (48 of 277) occurred while the
participant was using a mobility aid, split evenly between
wheelchairs and walkers.

Of the 60 possible combinations of cause and activity,
17 combinations were associated with six or more falls
(table 6). For more than half these combinations, cause of
fall was incorrect transfer or shifting of bodyweight.
However, the combination with the greatest number of
falls was trip or stumble while walking forward, which
accounted for 23 of 212 falls (11%). The next most
common combinations were incorrect transfer or shifting
of bodyweight during sitting down or lowering, getting
up or rising, walking forward, and initiation of walking
(table 6). 15 falls occurred while tripping on level ground
during walking, about a third of which seemed to have
resulted from incorrect termination of gait.” Falls caused
by hit or bump occurred most often while the participant
was standing quietly. Falls caused by collapse or loss of
consciousness occurred most often during forward
walking, whereas those attributable to loss of support
with an external object occurred most often during sitting
down or lowering and getting up or rising (table 6).

For our subanalysis of participants who granted us
access to their medical records (n=263), between Jan 1and
June 30, 2010, residents with captured falls had
characteristics that were much the same as those who fell
but were not captured on video (table 1). We did not
identify differences between groups in sex (p=0-9 from ¥2)
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or mean age (p=0-7 from ¢t test). Whereas the rate of
Alzheimer’s disease was greater in fallers captured versus
not captured (34% vs 16%; p=0-04 from ¥2), differences
between groups in the percentage diagnosed with
diabetes, cardiac arrhythmia, hypertension, hypotension,
stroke, dementia, and Parkinson’s disease were not
significant (data not shown).

Discussion

This study provides long-missing objective evidence of
the cause and circumstances of falls in elderly adults,
and shows new avenues for prevention of fall injury in
long-term care. Our results show that incorrect weight
shifting was the most common cause of falls, and that
three major classes of activities—walking, sitting down,
and standing—were the most common precipitants of
falls. Our findings emphasise the need to target each of
these activities in fall risk assessment and prevention
strategies. Several validated clinical instruments
incorporate such a multitask approach, including the
timed up-and-go test, short physical performance
battery,” and Berg balance scale.” However, residents of
long-term care facilities are often unable to complete
these measures because of mobility problems or
cognitive impairment, showing the need to develop
instruments for assessment of mobility and balance that
are more applicable to this population.

Our results also show that many falls in long-term care
result from sudden external perturbations to balance.
Tripping was the second most common cause of falls,
and hit or bump was the sixth most common. Clinical
assessments of fall risk rarely include external pertur-
bations, and most laboratory-based studies simulate
slips, which we showed account for only 3% of falls. Our
results show the need to develop and incorporate safe
methods to simulate trips and bumps®” into routine
clinical examinations—a new direction in assessment.

Our results also have implications for environmental
modifications and the design of assistive devices for the
long-term care setting. We showed that 25% of trips
occurred due to the foot being caught on a chair or table
leg, suggesting the need for improved staff awareness
of this hazard, and improvements in environmental
planning and furniture design. 21% of falls occurred
during transferring, suggesting the need for exercises to
enhance muscle strength, and improved assistive devices
that provide adequate body support (eg, locking of
wheels) when moving to and from chairs. Furthermore,
although at least 74% of residents were classified as
habitual users of assistive devices, only 21% of falls
occurred while using an assistive device, showing the
high risk of transferring to and from, or neglecting to use
the device. Most of the falls we captured happened mid-
afternoon, agreeing with findings reported by Rapp and
colleagues™ from the analysis of more than 70000 falls
(including both public and private areas) from residents
of nursing homes in Germany.

Frequency* Participants falling Number of falls
while undertaking per participantt
activityt
Number Percentage  Estimated 95% Cl Estimated 95% Cl
of falls proportion, count, n (SE)
captured % (SE)
Walking forward 54 24% 281% (4-0) 21.0-36:6 039 (0-06) 0-29-0-53
Standing quietly 29 13% 203% (3:6) 14-2-28-2  0-22(0-04)  0-15-0-33
Sitting down or lowering 28 13% 18:8% (3-5) 12:9-26-5 0-21(0-04) 0-14-0-32
Initiation of walking 24 11% 156% (3-2) 10-3-23-0  0-19(0-04) 0-12-0-29
Getting up or rising 20 9% 145% (32) 96221 0-15(0-04) 0-10-0-25
Walking backward or 16 7% 117% (2-8)  7-1-186  0-13(0-03)  0-07-0-21
sideways
Walking and turning 16 7% 11.7% (2-8)  7:1-186 0-13(0-03) 0-07-0-21
Standing and turning 14 6% 86%(25) 4-8-149 010(0-03) 0-06-0-18
Seated or wheeling in 12 5% 8:6% (2:5) 4-8-14.9 0-08(0-03) 0-05-0-16
wheelchair
Standingand reaching 11 5% 7-8% (24) 42-13-9 0.09(0:03) 0-05-0-16

Could not tell 3

1%

In descending order of frequency. *Of 227 total falls captured. tOf 218 falls analysed; after exclusion of cases for
which the faller could not be identified (six) and cases for which the team could not identify the activity at time of

falling (three).

Table 4: Estimated proportion of participants falling at least once, and average number of falls per
participant, for each activity at time of falling

Participants falling at least

Number of falls per

once participant

Odds ratio p value* Ratio of counts  p value*

(95% CI) (95% Cl)
Walking forward vs
Walking backward or sidewayst 2-9 (1.5-57) 0-0015 31(1-7-57) 0-0002
Walking and turningt 2-9 (1.5-57) 0-0015 31(1-7-57) 0-0002
Initiation of walkingt 2-1(1-1-3:9) 0-0174 2-1(1-2-3:5) 0-0057
Sitting down or loweringt 1.7(0-9-31) 0-0797 1.9 (11-3-1) 0-0157
Getting up or risingt 2:2(1-2-4-2) 0-0112 2:5(1-4-4-3) 0-0012
Seated or wheeling in wheelchairt 4-2(2:0-8:6) 0-0001 45(2-3-91) <0-0001
Standing quietlyt 1.5(0-8-2:7) 0-1478 1-8 (1-1-2-9) 0-0215
Standing and reachingt 4-6 (21-9-8) <0-0001 4.5(2-3-9.1) <0-0001
Standing and turningt 4-2(2:0-8:6) 0-0001 3-8(2-:0-7-4) <0-0001
Sitting down or lowering vs
Seated or wheeling in wheelchairt 2:4(1-1-5-2) 0-0214 2.5(12-5-2) 0-0188
Standing and reachingt 27 (1:2-6-0) 0-0127 2.5(12-5-2) 0-0188
Standing and turningt 2:4(1-1-5-2) 0-0214 2:1(1:02-4-2) 0-0426
Initiation of walking vs
Seated or wheeling in wheelchairt 2-0 (0-9-4-3) 0-0903 2-2(1-02-4-7) 0-0448
Standing and reachingt 2-1(0-97-4-9) 0-0575 2:2 (1.02-4-7) 0-0448
Standing quietly vs
Seated or wheeling in wheelchairt 2.7 (1-3-5:8) 0-0099 2:5(1-2-5-4) 0-0140
Standing and reachingt 3-0 (1-4-6-6) 0-0057 2.5(12-5-4) 0-0140
Standing and turningt 2.7 (1-2-5-8) 0-0099 22 (11-4-3) 00323

*p values are not adjusted for the 34 multiple comparisons. TProportion was greater for activity in the heading than
for this activity. Table 4 shows exact numbers per category.

Table 5: Differences from pairwise comparison of proportions of participants falling while undertaking

various activities
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Number of falls Percentage*
Trip or stumble while
Walking forward 23 11%
Initiation of walking 9 4%
Walking backward or sideways 6 3%
Incorrect transfer or shifting of bodyweight while
Sitting down or lowering 16 8%
Getting up or rising 13 6%
Walking forward 12 6%
Initiation of walking 11 5%
Walking and turning 9 4%
Standing and turning 8 4%
Walking backward or sideways 7 3%
Standing quietly 7 3%
Standing and reaching 6 3%
Hit or bump while
Standing quietly 10 5%
Collapse or loss of consciousness while
Walking forward 9 4%
Standing quietly 6 3%
Loss of support with external object while
Sitting down or lowering 7 3%
Getting up or rising 6 3%

Causes are shown as main headings in bold text. In descending order of frequency.
*0f 212 total falls.

Table 6: Combinations of cause and activity associated with six or
more falls

Panel: Research in context

Systematic review

We searched PubMed for combinations of the title words
“falls”, “fractures”, “imbalance”, “elderly”, “type of fal
“cause of fall” and identified six previous studies that
provided detailed information on the cause and
circumstances of falls in older adults. Three of these involved
surveys of community-dwelling older adults regarding falls
over the past 12 months,”® one involved surveys of older
adults in assisted living,™ and one involved surveys of
patients admitted to hospital for hip fracture.” Collectively,
these studies implicate slips and trips as the most common
cause of falls, and walking as the most common activity
associated with falls in older adults. A final study,*
considerably smaller than ours (n=25), analysed video
footage of falls in older adults residing in long-term care.

[

and

Interpretation

Our study provides the first comprehensive evidence, based
on video capture, of the mechanisms of falls in the high-risk
long-term care environment. Our results show that the
causes of falls in this population are different than described
previously, with most being due to self-induced weight
shifting, and occurring with equal frequency during walking,
transferring, and standing.

Our results also inform the design of wearable sensor
systems for provision of information about movement
quality during daily activities, and for automatic detection
of falls in elderly people—a rapidly developing dis-
cipline.*** In particular, our results identify the most
common sequence of events, including activities leading
to falls, and subsequent causes of imbalance, that should
be considered in designing and testing of fall detection
algorithms appropriate for the long-term care population.

Our results differ substantially from existing scientific
literature of self-reported mechanisms of falls in
community-dwelling elderly adults (panel). When
compared with our findings, Nevitt and Cummings’
reported that community-dwelling seniors were more
likely to fall during walking, and less likely to fall during
standing and transferring. Participants in Overstall and
colleagues” study were more likely than those in ours to
fall because of tripping, and less likely to fall because of
incorrect weight shifting. We recorded results similar to
these previous studies in the proportion of falls
attributable to collapse or loss of consciousness (ranging
between 6% and 12%). For residents of assisted living
facilities, Topper and colleagues® reported a substantially
higher proportion of falls (54% vs 24%) attributable to
base-of-support perturbations (trips, stumbles, or slips),
and a much lower percentage (32% vs 52%) attributable
to centre-of-mass perturbations (self-induced displace-
ments or externally-applied pushes or collisions) than
those which we identified.

These differences are probably partly attributable to the
relatively higher prevalence of cognitive and physical
impairment in the long-term care population we studied
than in community-dwelling elderly people, with corres-
ponding differences in fall mechanisms.*? Typically, the
rate of falls in long-term care is two to three times higher
than the rate recorded in the community* and fall
prevention strategies that are effective with community-
dwelling elderly people have not worked in the long-term
care setting.”® These differences might also relate to
differences in the locations of falls. We included only
falls in common areas, whereas previous studies of self-
reported falls have included falls in bedrooms and
bathrooms, which present a different environmental and
situational context, in need of further investigation.
Conversely, the differences between our results and those
reported previously might be attributable to errors in
self-reported fall circumstances. Accurately recalling the
circumstances of a fall is a challenging task even for
young adults,”* and fallers might tend to rationalise
falls as having an external, unavoidable cause, to avoid
the perception of vulnerability.

We are aware of only one previous study with video
recordings of real-life falls in elderly adults, undertaken
by Holliday and colleagues,* who analysed the activities
associated with 25 falls by 17 individuals captured on
video in a longterm care facility in the Toronto
(ON, Canada) area. Our results are in general agreement,
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although we recorded a slightly smaller percentage of
falls while walking (49% vs 68%), and a higher proportion
of falls while standing (24% vs 12%) and sitting down or
lowering (12% vs 8%).

Our study had important limitations. In analysis of
video data, the team often faced challenges related to
frame rate and camera resolution, distance between
faller and camera, and occlusion of body parts from
view. However, we recorded strong inter-rater and intra-
rater reliability for our outcomes. We were also limited,
because of the nature of our video footage, in
identification of the contribution to falls of factors
relating to the built environment such as lighting, and
situational factors, such as changes from usual behaviour
or secondary attention tasks (eg, talking). We did not
examine the association between fall mechanisms and
medical status of participants, because of the small
number of participants who provided permission to
access medical records and subsequently fell (41), and
large number of established risk factors to consider. We
did not measure (and were unable to incorporate in a
risk analysis) the amount of time spent doing the various
activities associated with falls. Nor did we acquire or
analyse footage of near falls (imbalance episodes
followed by successful balance recovery). We did not
distinguish true episodes of syncope from, for example,
collapse due to fatigue. An important question is
whether the participants captured on video falling in
common areas were representative of all fallers in the
long-term care facilities that we studied. The
demographics of individuals who fell between January
and June, 2010, and had a fall captured on video were
much the same as those who fell but were not captured
on video. We stress that our results summarise the
situational context of falls in common areas of the long-
term care environment.

In summary, through video capture and analysis of
real-life falls of elderly people in long-term care facilities,
we show that the most common causes of falls are
incorrect weight shifting and tripping, and the most
common activities leading to falls are forward walking,
standing quietly, and sitting down. Our approach avoids
the usual trade-off in falls research between the high
control but artificiality of the laboratory environment,
and the questionable accuracy of individuals in recalling
the circumstances of real-life falls, and our results
provide insight into the causes and activities leading to
falls in long-term care.
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What videos can tell us about falling

In 2004, a videotape of a fall by Fidel Castro, then Cuban
President, gained extensive press coverage and elicited a
range of reactions.! The sequence captured a key shot for
researchers who study falls. In the film, Castro, after one
of his exhausting speeches and probably dazzled by lights,
misses a step, starts falling after an unsuccessful stepping
attempt, and turns in the air to reduce the impact of his
head on the ground at the expense of an upper limb; the
fall resulted in a broken shoulder and patella.

Falls and fall-related injuries are a major health
burden. Despite many epidemiological studies of pre-
disposing risk factors,” many assumptions and decisions
about falls are still based on subjective and often biased
information.> Fewer than 10% of falls are witnessed
and, even when reports are available, they often do not
provide detailed and objective information about the
context and circumstances of the fall, or what happened
during the fall. This absence of understanding is one of
the reasons why efforts to prevent falls have had little
success, although some progress has been achieved.**

In The Lancet, Stephen Robinovitch and colleagues’
present results of an observational study of videotaped
falls. They extensively studied falls in two long-term
care institutions in British Columbia, Canada, between
2007 and 2010, using more than 200 public video
cameras that were preinstalled for safety purposes. With
a well-defined protocol, they were able to match staff
incident reports of falls to video footage, making this
a unique study. The researchers recorded 227 falls by
130 individuals whose mean age was 78 years (SD 10).
Studies of this type are important because falls by elderly
people are much more frequent in long-term care
facilities than in the community; more than 90% of
all hip fractures are caused by falls, and 20% of all hip
fractures occur among residents of long-term care.®

Robinovitch and colleagues’ report provides some
important findings. Among these is the high occurrence
of falls caused by incorrect weight shifting (the most
frequent cause of falls, 93 [41%] of 227 falls) and
external perturbations, such as hit or bump events
(which accounted for 25 [11%] falls). A further notable
aspect is the improved understanding of the role of poor
ergonomic design and environmental factors—eg, of the
48 falls caused by trip or stumble, 14 were attributable
to a foot catching on equipment and 12 to a foot

catching on furniture. This understanding should lead to
revised housing norms and improved design of furniture
and assistive devices. However, the study has some
major limitations. Robinovitch and colleagues present
data from publicly accessible spaces and not from
private areas, such as bedrooms and toilets. More than
50% of falls in long-term care facilities occur in private
areas that cannot be supervised by video footage.® Other
objective approaches are needed to study falls in these
rooms, such as sensors worn on the body. Although
some findings might apply to people who depend on
care but live at home, independent seniors probably
have different risk factors and environmental cofactors
that contribute to falls. Thus, the findings might not be
applicable to community-dwelling seniors.

Where could this study take fall prevention research?
Robinovitch and colleagues build a strong case for
classification of falls and a taxonomy of causes leading
to falls. Currently, falls are most often presented as
composite endpoints. Video footage, including that
captured by members of the public with smartphones,
will be one valuable source of information to generate
new research hypotheses. High-speed video footage
can also be used to study balance recovery reactions
and landing responses in other groups, such as children
and athletes.

To study falls in the community, we will need a
technological shift. Evidence provided by Robinovitch
and colleagues of the movement patterns that lead
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to falls is helpful in guiding the design of sensor-
based fall monitoring systems. The next step will
require coordinated action and possibly an open-
access database that would allow real-world fall data,
obtained through different sensors, to be shared. This
objective is included in the roadmap of the research
community, and is currently being funded by the
European Commission.

*Clemens Becker, Lorenzo Chiari

Robert Bosch Hospital, Stuttgart D70597, Germany (CB); and
Department of Electronics, Computer Science and Systems,
University of Bologna, Italy (LC)

clemens.becker@rbk.de

We declare that we have no conflicts of interest.

1 BBC News. Castro breaks knee, arm in fall. Oct 21, 2004. http://news.bbc.
co.uk/2/hi/americas/3761748.stm (accessed Sept 12, 2012).

Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E. Risk
factors for falls in community-dwelling older people: a systematic review
and meta-analysis. Epidemiology 2010; 21: 658-68.

Zecevic AA, Salmoni AW, Speechley M, Vandervoort AA. Defining a fall and
reasons for falling: comparisons among the views of seniors, health care
providers, and the research literature. Gerontologist 2006; 46: 367-76.
Gillespie LD, Robertson MC, Gillespie W], et al. Interventions for preventing
falls in older people living in the community. Cochrane Database Syst Rev
2009; 2: CD007146.

Cameron ID, Murray GR, Gillespie LD, et al. Interventions for preventing
falls in older people in nursing care facilities and hospitals.

Cochrane Database Syst Rev 2010; 1: CD005465.

Becker C, Cameron ID, Klenk J, et al. Reduction of femoral fractures in
long-term care facilities: the Bavarian fracture prevention study. PLoS One
2011; 6: €24311.

Robinovitch SN, Feldman F, Yang Y, et al. Video capture of the
circumstances of falls in elderly people residing in long-term care: an
observational study. Lancet 2012; published online Oct 17. http://dx.doi.
0rg/10.1016/50140-6736(12)61263-X.

Rapp K, Becker C, Cameron ID, et al. Femoral fracture rates in people with
and without disability. Age Ageing 2012; 41: 653-58.

Rapp K, Becker C, Cameron ID, Konig HH, Buchele G. Epidemiology of falls
in residential aged care: analysis of more than 70 000 falls from residents of
Bavarian nursing homes. ] Am Med Dir Assoc 2012; 13: 187.e1-6.

www.thelancet.com Published online October 17,2012 http://dx.doi.org/10.1016/50140-6736(12)61724-3



	Video capture of the circumstances of falls in elderly people residing in long-term care: an observational study
	Introduction
	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References




