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Sometimes it is easy to understand why we fall,

‘ @ ...but other times not
Western



World Health Organisation g@ World _Heqlth
defines a fall as: \'é_\ /2 Organization

“An event which results in a person coming to rest
inadvertently on the ground or floor or other lower

III

level”.

Excluded:
- major internal event e.g. stroke
- being hit by an external force e.g. knocked over



Why are we prone to fall?

* Most of the falls happen while walking

* The upright human body position is unstable
S
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COG: center of gravity
BOS: base of support




Age-associated changes of posture and gait

p  Forward flexion, head and torso
* |ncreased flexion, shoulders and knees
* Decreased stride length and arm swing
e Slower gait

, * Increased lateral sway

WesTern Murray MP, Kory RC, Clarkson BH. Walking patterns in healthy old men. J Gerontol 1969:24:169-178




Falls are prevalent

25% of elderly people have at least 1 fall per year
75% of fallers will fall again in the same year

Community Non- Community . :
disabled Disabled In Hospital Nursing Home
15% 30% 40% 60%

>
e Rubenstein et al. Clin Geriatr Med 1996
Robbins et al. Arch Intern Med 1989




Falls are prevalent

25% of elderly people have at least 1 fall per year
/5% of fallers will fall again in the same year

Community Non- Community
disabled Disabled

15% 30% 40% 600/0

In Hospital Nursing Home

@ Rubenstein et al. Clin Geriatr Med 1996

WeEstorn Robbins et al. Arch Intern Med 1989




Falls cause morbidity and mortality

Mortality

« FALLS accounts 70 percent of accidental deaths in older persons
(they are the 5th cause of death in elderly persons)

Morbidity
» 20% Develop fear of falling

* 15% Have enough injury to visit Emergency Department
due to pain, bruises, or dizziness

* 10% Have a severe injury non-fracture. e.g.: head injury,
brain hemorrhages, chest trauma

* 5% Have a fracture (1% hip fracture)

“@ Tinnetti ME et al. NEJM 1988; 2003; AGS panel on falls prevention, JAGS 2001; Masud T et al, Age Ageing 2001)
eslern




Table 1. Frequent consequences of the fall syndrome in older people

Cause: Consequence:

Head Trauma

Cutaneous Haematoma
Medical Fracture

Chronic Pain

Death

Fear of falling
Anxiety

Loss of confidence
Depression

Psychological

Dependency
Social Isolation
Placement in long term care

Immobility
Functional Deconditioning
Disability and dependence

Western Montero-Odasso M. Preventing Falls & Injuries, & Healthy Aging. 2019 In Healthy and Aging. Springer-Verlag Publisher.



Consequences of falls

Not all falls lead to injuries
—  94% of community dwelling elderly experience fear of falling
— 38% associated avoidance of activity

— underreported because
» most fearful elderly not included
 and fear of stigmatization

Fear of falling results in debilitating spiral of loss of confidence
« restricted activities & reduced physical fithess
* increased risk for future falls
* reduced functioning
« premature nursing home admissions

Zijlstra et al, JAGS 2007 and Age Ageing 2007




Falls are often multifactorial

Intrinsic Factors

Medical conditions

Impaired vision \

\ FALLS - Improper use of

and hearing

Muscle/bone
changes

Medications

/

/

Extrinsic Factors

In-hospital hazards:

/ iv, catheters,

assistive devices

'\

Environment

Co-morbidity & Frailty increase the risk of falls




Intrinsic (Personal) Factors Causing Falls

sDementia
N Depression

eGait & balance
impairment

Central processing

euromuscular

eLoss of position

Cardiac

sMyocardial Infarct
s Arrhythmias

e\/asovagal syncope

+Orthostatic hypotension

Sensory

® WiesTern

Musculoskeletal

eMuscle weakness

e Arthritis

eOsteoporosis-stooped
posture

eFoot disorders

o\Visual deficits
eEar disorders

Other
eMedical

Rubenstein | et al. 2006



Extrinsic (Environmental) Factors

Furniture hstacles!nhjects
- Clear glass tables - Pets

- Low seats

- Chairs without arm support

Bathrooms

- Low toilet seats
- Slippery surfaces | (== S Support surfaces
- Lack of grab bars - Uneven

- Slippery
/ l - Rugs
: - Clothing
Lightin .
- Glare on toor Stairs - spi?gersﬁtﬁli;%
* = N i ht ] ht = F
B Ll i - No hand rails heels

Western



Interaction of risk factors

 The remainder of falls result from multiple interacting
factors

* Falls result from “interactive” etiological factors, not
simply from the additive effects of multiple pathologies

Campbell et al, Age and Ageing, 2006; Tinetti et al, JAMA 2010



Interaction of risk factors

Fastural
hypotension

Meuromuscular i \ l

change \“‘\* Impaired strength

Antidepressants | —g,

—_— Fall risk

and balance
Inactivity ////J T \
1-._____1__
Knee arthritis Poar vision

80 year old woman living alone during the winter

Figure |. Interaction of risk factors predisposing to falls.

Campbell et al, Age and Ageing 2006

Wirstern



Interaction of risk factors

Poor lighting |———— | Home hazard

Increased

fall risk > [ Fall

/ Hypotensive /
Intercurrent
ilness
Tired,
distracted

Figure 2. Interaction of risk factors precipitating talls.

@ @ Campbell et al, Age and Ageing 2006
Wesiern




Interaction of risk factors

Healthy Aging
Sarcopenia |
” Poor Nutrition e 0
. = Neuromuscular
o ation Impairment

t ) CNS Impairment

Falls and Fractures Instability \ E j>

@U%

Syncopal events
Osteoporosis
0 @ Figure 1. Vicious cycle in falls and fractures and principal contributors.
Western Montero-Odasso et al. Preventing Falls & Injuries, & Healthy Aging. In Healthy Aging. 2019 Springer-Verlag Publisher.




Why is important the risk factor
assessment?



Table 2. Cause of falls according risk factor identification and grouped regarding potential
management based on observational and clinical trials evidence.

Domain Assessed: |Risk Factor / Disease: Level of evidence* |Screen/Assessment: Management:
Neuromuscular Parkinsonism syndrome Ia Gait velocity test 1-Supervised programmes (structural gait
Balance and gait problems | Get Up and Go Fetraining., balance, trarllsfer. and mobility .
a interventions, progressive limb strengthening and
Lower extremity weakness POMA flexibility exercises)
Ia 2-Provision of appropriate walking aids when
needed
3-Vitamin D and calcium supplementation
Medical Dizziness or vertigo I History and examination, incl. review of | 1-Appropriate investigation and management of
. . . drugs, visual acuity assessment, untreated medical problems
Visual Impairment B?Sfli)arl ;i?;?ﬁs, I for echocardiograph, short Geriatric 2-Review and modification OfpSyChOtI'OpiC drugs,
Peripheral neuropathy Depression Scale other culprit drugs, and polypharmacy. Alcohol
. .. n/a . . counselling if indicated
Psychoactive medication/alcohol la CAGE questionnaire 3-Optical correction by an optician or referral to an
Hip problems or deformity ophthalmologist
n/a 4-Formal psychogeriatric assessment
Cognitive problems or depression PSychog
111
Environmental Environmental fall hazards Ia Occupational therapy: assessment of 1-Home hazard modification using standard
Footwear environmental fall hazards using a protocol
standard checklist
Multifocal eyeglasses I 2-Advise to wear well-fitting shoes of low heel
Check footwear height and high surface contact
II 3-Avoid multifocal eyeglasses while walking
Cardiovascular Orthostatic hypotension Ia Cardiac evaluation including heart rate, | 1-Advice on avoiding precipitants and
Postprandial hypotension Ib morning orthostatic blood pressure, and | modification of drugs . '
Ia carotid sinus massage supine and tilted | 2-Postural hypotension: compression hosiery,
Vasovagal syndrome Ib upright, prolonged head-up tilt, if fludrocortisone, or midodrine
Carotid sinus hypersensitivity indicated ;efriﬁ:;)ri?igsrz;;mnd sinus hypersensitivity:
4-Symptomatic vasodepressor carotid sinus
hypersensitivity or vasovagal syncope:
fludrocortisone or midodrine

a)Level of evidence based on reference(81) as following : class la, evidence from at least 2 randomized controlled trials; Ib, evidence from 1 randomized controlled trial or meta-analysis of randomized controlled trials; II, evidence from at
least 1 nonrandomized controlled trial or quasi-experimental study; Ill, evidence from prospective cohort study ; IV, based on expert committee opinion or clinical experience in absence of other evidence




Who is at high risk of falling? Classic view

0 u@ Tinetti et al, JAMA 2010; AGS/BGS guidelines 2010
CSIern



Who is at high risk of falling? Classic view

Community-dwelling older persons who...
— report at least 1 injurious fall
— report recurrent (two or more) non-injurious falls
— seek medical attention or present to the ED because of a fall
— report/display difficulties with gait or balance

.. should have a multifactorial fall risk assessment

@ Tinetti et al, JAMA 2010; AGS/BGS guidelines 2010




Who is at high risk of falling? [ ==

ini last year?

2. Presents with
acute fall?

3. Difficulty with
walking or balance?

Guideline for the prevention of falls in older persons. American
Geriatrics Society, British Geriatrics Society, and American

Academy of Orthopaedic Surgeons Panel on Falls

Prevention(17). Used with permission of Blackwell Publishers. [ Oces the patient repor 3
singhe fall in the last year?

> G

Gaill ’
Check for gat/balance Reassess
iy "] problems Periodically
Patiant
presents
Seat [ o
edica ’
Tﬁ:i!ﬁly Fail Evaluation Problem
after
a fall
k.
Autit [ "
Histary |
MES,’;:'D"E Gait, balance, & exercise programs
B i hedance . Medication moddfication
Lower Limib ioints Postural h!,'r}:uﬂ.ensim treatment
* Meumrugtrgl Enmvironmental hazard modification
E}*{ﬁ Carndioraoculor Cardiovascular disorder treatment
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Periodic case finding in Primary
Care: Ask all patients about falls in

past year

—» No falls }—» No intervention

FF

= Ty

Recurrent falls

Patient presents to
medical facility
after a fall

problems

Single fall
Check for No
ll gait/balance problem i problems

‘ Gait/balance

I

Fall Evaluation

'

Assessment Multifactorial intervention
History (as appropriate) Cambridge handbook
Meglil:?tlﬂnﬁ Gait, balance, exercise - programmes on age and ageing
slon — Medication - modification ’
Gait and balance 2005

Lower limb joints
Neurological
Cardiovascular

Postural hypotension - treatment
Environmental hazards -
modification
Cardiovascular disorders - treatment




Application of a Fall Screening Algorithm
Stratified Fall Risk But Missed Preventive
Opportunities in Community-Dwelling Older
Adults: A Prospective Study

Susan W, Muir, PT, PhD'; Katherine Berg, PT, PhD?; Bert Chesworth, PT, PhD’;
Neil Klar, PhD'; Mark Speechley PhD'

How many falls bave you
had im the last year?

N=117
/ | .\
None {Hox A} Ume anly Two or mare {Box [3)
Full risk = 2495 Fall nisk = 474 Fall nsk = T4%
n=3# 0= 3 n=23
L
Eralinos'pait impairment?

o {Baox ) Vs (Bax C)

Fall risk = 40t Fall misk = 6%,

n=21 m= 5

Mo intervention recommended Fall ecvaluation bdicated
umil moniter vearky Fall rigk = 65%

Fall risk = }3% n= ik

=T

[(E1]

How many falls have you
had in the bost year?
N=117
HL.._
None (Bax &) e anlky Twi ar mare (Rex 1)
Fial ik = 154 Full rigk = 4% Fall rigk = 37%
n=38 n=1 =23
Ralance/pait impairment?
i { B B Yt (B O
Fall sk = 24% Fall risk = 47%
n=2l n= LS
Mo intervention recommended Full evalustion indicnted
aiil monfinr yearly Fall risk = 3%
Fall sk = 2 il =38
n=n
| L

thi

Figure 2. Flow chart showing fall risk values after the application of the AGS/BGS/AADS fall risk screening algorithm in a sam-
ple of community-dwelling older adults for the cutcomes of (a) any fall and (b) any injurious fail.




Our research on falls (n= 250, mean age75.27+7.24, female: 62%, 7 years

follow up)
THOSE WHO DO NOT HAVE A FALLS HISTORY

1- They also fall (33% of them)

No fall history (12 months) Fall history (12 months)
No Fall during follow-up 114 (67%) 23 (33%)
Fall during follow-up 55 (33%) 47 (67%)

169 (100%) 70 (100%)

2- These falls are not benign. 70% of falls provoke injury, regardless of NO
presence of history of falls.

From the ones that fall... No fall history (12 months) Fall history (12 months)
Fall with NO injury during follow-up 15 (32%) 12 (30%)
Fall with injury during follow-up 32 (68%) 28 (70%)

47 (100%) 40 (100%)

B

WiesTern




Our research on falls (n= 250)

THOSE WHO DO NOT HAVE A FALLS HISTORY

3- 29% have normal gait speed, no fall history, and they still fall!

Proportion Slow Gait

No Fall history (12 months)

Fall history (12 months)

Gait2 1m/s | Gait<1m/s pvalue |Gait21m/s |Gait<1im/s
No Fall during follow-up 91 (71%) 23 (56%) <0.001 17 (38%) 6 (24%) 0.022
Fall during follow-up 37 (29%) 18 (44%)* 0.010 28 (62%) 19 (76%) 0.189
128 (100%) 41 (100%) 45 (100%) 25 (100%)
*those who fell during follow up and did not have previous history of falls
Mean Gait Speed No Fall history (12 months) Fall history (12 months)
Total gait speed | Gait > 1m/s Gait<1m/s | pvalue | Totalgaitspeed | Gait=1m/s | Gait<1im/s |p value
No Fall during follow-up | 115.0(21.57) | 122.63 (15.65) | 84.79 (13.86) | p<0.001 |112.57 (19.31) |121.50(12.85) |87.24 (8.45) | p<0.001
Fall during follow-up 109.8 (24.05) | 122.59 (16.04) | 83.53 (14.33) | p<0.001 | 105.75(21.03) |119.84(13.22) |85.0(10.23) | p<0.001

p=0.160

p=0.196

B

WiesTern




Who is at high risk of falling? Emerging view

Older adults = 65 years

*
Falls and Cognition FALLY
in I;Ilder' Persons l

¥

NUMBER OF FALLSY

| GAIT / BALANCE INSTABILITY (USE AID)?
1 o ,

SEVERE? é

; ASSESSMENT (CGA) o

!
No

Physical EXERCICES

\- Physical ACTIVITY
b Figure 3. Proposed Algorithm for assessing falls risk

Montero-Odasso M. Preventing Falls & Injuries. Chapter In “Falls and Cognition”. 2019 Springer-Nature.
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How are falls described?

e “Simple fall”

* easily understood or done; presenting no difficulty

e “Accidental fall”

* happening by chance, unintentionally, or unexpectedly.

e “Mechanical fall”

* caused by, resulting from, or relating to a process that involves a
purely physical as opposed to a chemical or biological change or
process




What do we understand about what happens when someone falls

Most are unwitnessed, they occur quickly, patient report can be vague,
and are related to an external perturbation or foot misplacement

http://www.sciencedirect.com/science/article/pii/S014067361261263X




What do we understand about what happens when someone falls

Robinovitch et al Lancet 2013:381



Falls in the Cognitively Impaired - Facts

 Falls are two-fold in people with Dementia-3
 Fallers with cognitive problems have

1 risk of injuries, falls & fractures
| functional outcomes

| access to rehabillitation
7 institutionalization
T mortality

 Fall prevention is not successful in those with MMSE <204

1.Tinetti et al. N Engl J Med 1988

2. Shaw. J Neural Transm 2007

3. Petersen RC et al. Neurology 2001
4. Oliver et al. BMJ 2007




Evidence and Assumptions in Fall prevention

 Evidence

Cognitive impairment is a risk factor for falls

 Assumption
Falls are not related to cognition when a “normal” global
cognition (MMSE/MoCA) is present




SYSTEMATIC REVIEW

The role of cognitive impairment in fall risk
among older adults: a systematic review

and meta-analysis

Susar W, Mur™?, Karen Goraud?, Manies

M. Mowmero Ooasso =3
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Fall Outcome | Odds Ratio(95% Cl) | 12(%)
Any fall 1.32 (1.18,1.49) 74.3%
Serious injury 2.33 (1.61,3.36) 5.9%
Fractures 1.78 (1.34,2.37) 0%
Any fall-low 1.44 (1.20,1.83) 70.9%
executive function

WiesTern

Key points

1-Cognitive impairment (MMSE<26)
confers high risk of serious injury
from a fall OR=2.33

2- Executive dysfunction increases
fall risk OR=1.44

3- Executive dysfunction can be
present despite normality in “global
cognition”

4- EF assessment should be part of
a falls risk evaluation
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Walking is
cognitively
demanding!

g |l .~ : . = :
0 @ 2 ' | Inhibition
WiesTern




Proposed approach
for falls assessment and prevention



Two scenarios

No previous falls * Previous falls

— Screening (pretest probability:19-36%) — Higher risk of falling (pretest

— Ask/asses for falls or gait/balance probability 25-65%)
problems

— Gait and balance is also important
— Gait domain offers the highest yield

for screening

— If gait is normal—> dual-task gait test?
Other?

— Not screening of other domains
(vision, orthostatic changes, cognition,
medication) if only purpose is to
determine risk of falls

— |If gait is normal, cardiovascular risk
factors become important to rule out
syncopal falls

— Stepped Fall assessment

Adapted from: Montero-Odasso M “Falls as a geriatric syndrome. How to prevent it? How to treat it?" in Osteoporosis
in older persons: Pathophysiology and Therapeutic Approach. Springer-Verlag, London, January 2008



Who is at high risk of falling? Emerging view

Older adults = 65 years

¥
Falls and Cognition

in thder Persons FALL?

o o
[TI T
Bchani ol

¥

NUMBER OF FALLSY

Mo

| GAIT / BALANCE INSTABILITY (USE AID)?
1 o ,

SEVERE? ¢

l ¥
No ! ASSESSMENT (CGA) o
L Physical EXERCICES
Physical ACTIVITY
a ﬁg@ Figure 3. Proposed Algorithm for assessing falls risk
Montero-Odasso M. Preventing Falls & Injuries. Chapter In “Falls and Cognition”. 2019 Springer-Nature.
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Conclusions
Falls are multifactorial, and risk factors tend to aggregate and interact

Current fall risk stratification misses up to 30% who will fall(Not bening falls =

70% have injuries)
Screening needs to find way to detect this group
Gait/balance is the domain that yield the highest probability to detect risk

Cognition is key to regulate walking. Particularly, selective attention, conflict

resolution, and dual-tasking



“It takes a child one year to acquire
independent movement and ten
years to acquire independent
mobility.

An old person can lose both in a
day”

Bernard Isaacs

“The Challenge of the Geriatric Medicine”
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Table 3. Common causes of falls and abnormal mobility and gait in older adults in relation to
performance based evaluation.

Symptom: Potential cause:

Lower Limb Weakness

Difficulty rising fi hai iti
itficulty rising from a chair Osteoarthritis

Postural Hypotension
Instability on first standing

Muscle Weakness
Instability with eyes closed Proprioception deficits
Parkinsonism
Decreased step height/length Frontal lobe disease
Fear of falling

B

Western Montero-Odasso M. Preventing Falls & Injuries, & Healthy Aging. 2019 In Healthy and Aging. Springer-Verlag Publisher.




Consequences of falling for
community-dwelling old

CONSEQUENCE % OF FALLS
Hip fracture 1-2
Other fracture 3-5
Other injury (lacs, head, internal) 2-10
Minor inj (bruise, abrasion, sprain) 30-55

% of FALLERS
Inability to get up after fall 39-50
Fear of falling 40-73
Decreased activity 41-43

(From: King 1995)



Independent Risk Factors for Falling Among Community-

Living Older Adults

Risk Factor # signif studies RR OR
Previous falls 16 1.9-6.6 1.5-6.7
Impaired balance 15 1.2-2.4 1.8-3.5
| UE or LE strength 9 2.2-2.6 1.2-1.9
Impaired vision 8 1.5-2.3 1.7-2.3
>4 or psych meds 8 1.1-2.4 1.7-2.7
Impaired gait I 1.2-2.2 2.7
Depression 6 1.5-2.8 1.4-2.2
Dizzy/Orthostatic 3 2.0 1.6-2.6

Tinetti, 2010




Independent Risk Factors for Falling Among Community-

Living Older Adults

Risk Factor # signif studies RR OR
Functional/ADL prob 3} 1.6-6.2 1.3
Age >80y 4 1.1-1.3 1.1
Female 3 2.1-3.9 2.3
Low BMI 3 1.5-1.8 3.1
Urinary incontinence 3 1.3-1.8
Impaired cognition 3 2.8 1.9-2.1
Arthritis/Pain 2/2 1.2-1.9 1.7
Diabetes 2 3.8 2.8

Tinetti, 2010



Intrinsic factors: falls and gait disorders

AGE AGE-ASSOCIATED DISEASES
* Central processing * Central processing
Dementia
* Vision * Vision
Cataracts, ARMD, Glaucoma
e Vestibular e Vestibular

Previous labyrinthitis, BPPV

* Systemic e  Systemic
Disease

*  Musculoskeletal e  Musculoskeletal
Arthritis

* Neurological * Neurological

Parkinson’s, myelopathy, stroke, PN



Determine Fall

Hx falls

Meds

Gait, Balance, Mobility
Visual Acuity

Rest neuro (incl cog)
Muscle Strength
Heart Rate, Rhythm
Postural hypotension
Feet and footwear
ADL/Fear of falling
Environment hazard

Risk



Why Gait assessment and Falls?

Risk Factor Domain™
' Orthostatic Visual Gait/Balance ) Limitations Cognitive :
Source Hy potension Irmpairrmeint Impairmment Medications ir ADL I mpairrmient
Bergland ot al,® 2003 + + = = =
Campbell st ol ® 1289 = = + + s =
Chu et al®™ 2006 - = + = - +
Duncan et ol,” 1992 + 7
O Loughlin ot al > 1953 - - -
Stalenhoef =t al,® 2002 = Yy = =
Tinetti ot al * 1988 = = - = -
Tinetti ot ol ® 10965 = = — r
Tromp et al,® 2001 = + = + + =
Zhang et al, = 2004 =
Coleman ot ol 2 2004 - - -
Luukinen =t al,* 1995 - s
Luikdnen ot ol ® 1996 - - - - -
Teno ot ol ™ 1950 - - -
war Bemamel &t al 3 2005 + 7
Wesirser &t al,™ 1998 ¥ - 7
Arden ot ol ® 1999 ' T T
Gerchhem at dﬁ:&ﬂﬂﬁ - /‘I\ e
Surnemeanyt /4 311 C 1¥i6 ) 611 310 28

Ganz et al. JAMA 2007; 297:77-86




Classification system for gait disorders

1.High Sensorimotor Level

2. Middle Sensorimotor level

3. Low Sensorimotor Level

Nutt JG et al. Neurology 1993; 43: 268-279
Alexander NB. JAGS 1996; 44: 434-451

a) Frontal Lobe Related: Cerebro vascular/Normal Pressure Hydrocephalus /
Gait ignition failure

b) “Cautious Gait” (fear of falling)

a) Spasticity: hemiplegia (paresis)
b) Cerebellar ataxia

c) Parkinsonism

a) Peripheral Motor:
Arthritic (antalgic or joint deformity). Myopathic. Neuropathic

b) Peripheral sensory:
Sensory ataxia (posterior column disease, peripheral nerves)
Vestibular Ataxia/ Visual ataxia




Proposed approach to assess falls older subjects

Fall Assessment

GAIT VELOCITY Test and

(= FRACTURE Index

CV problems
Visual Problems

3 Level
Classification

Determine the _

level of the problem
& gait assessment

Cardiovascular Treatment

Gait & balance Exercises
Environment Modification
Medications Modification

Postural hypotension Treatment
Visual Treatment
Medications Modification

Adapted from: Montero Odasso M, Schapira M, Duque G et al. BMC Geriatrics, 2005. 5:15



“It takes a child one year to
acquire independent movement
and ten years to acquire
independent mobility.

An old person can lose both In
a day”

Bernard Isaacs

“The Challenge of the Geriatric Medicine”




