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FALLS

“Some two days after my arrival, I saw a boy staggering through the streets. He fell, stopped 
and fell again.” (Negrette A. Personal communication 2001 to 2003)1 This was the !rst 
encounter in 1952 of Amerigo Negrette, a Venezuelan doctor, with a person with Hun-
tington’s disease (HD) (Box 1.1) in Maracaibo, Venezuela. In this region a large population 
is a#ected by HD. These large kindred played an important role in unraveling the gene 
that caused this disease. 

Falls are common in many neurological diseases, including Parkinson’s disease (PD) (Box 
1.2) and HD.2,3 These movement disorders share symptoms such as rigidity, bradykinesia, 
chorea (in HD as part of the disease itself, in PD as a side e#ect of dopaminergic medi-
cation) and postural instability. In both diseases, gait gradually becomes unstable, and 
postural instability increases as the disease progresses. This almost inevitably leads to 
falls, frequently with devastating consequences. In the elderly, falls are associated with 
fractures, hospital admission and nursing home placement.4,5,6 Next to these sequelae, 
fallers may also develop an incapacitating fear of renewed falls, and this may in turn lead 
to a decreased mobility and a lower quality of life.7

Box 1.1

Huntington’s disease (HD)
Huntington’s disease is an autosomal dominant neurodegenerative disorder characterized by motor, cognitive, 
psychiatric, and behavioral disturbances. The prevalence in the United States and Europe is estimated at 5-10 
per 100.000 inhabitants and about 5 times as much persons are at risk of developing the disease.39 Mean age of 
onset ranges between 43.7 and 55.8 years40,41 and mean disease duration is approximately 16 years.38 In 1993 
the gene mutation responsible for HD was identi(ed.42 The ‘interesting transcript 15’ (IT15) gene on the short 
arm of chromosome 4 contains an expanded CAG repeat of 36 or more repeats in a*ected individuals. A repeat 
of 36-40 is considered as incomplete penetrance, 40 or more repeats invariably lead to symptomatic disease.  
The length of the CAG repeat plays a role in disease onset leading to an earlier onset for subjects carrying longer 
repeats.43,44 
The gene encodes for a protein called huntingtin, and the expanded trinucleotide repeat results in a mutant 
huntingtin protein containing an expanded polyglutamine tract. Since 1993 research is aimed at the function of 
huntingtin and the damage that is caused by the mutant huntingtin. 
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Despite these devastating consequences, relatively little is known about the epidemi-
ology, circumstances and consequences of falls in patients with PD and HD. There are 
only few studies that reported the incidence of falls in these disorders. Retrospective 
studies reported high fall rates, up to 83% in patients with PD8,9 and 85% in HD.2 The 
circumstances and risk factors for falls in these patient groups were not described in 
detail. Therefore, we prospectively studied the incidence of falls in both diseases, aiming 
to gain more detailed insight into the potential risk factors and circumstances of these 
falls (Chapter 3).

The pathophysiology underlying falls is complex and multifactorial, and typically involves 
combinations of both ‘extrinsic’ (environmental) factors and ‘intrinsic’ (patient-related) 
factors.10 Examples of extrinsic risk factors include loose rugs or other obstacles on the 
.oor, the presence of stairs in the house, or a cat that wanders about the house. Intrinsic 
risk factors include, for example, underlying balance impairment, orthostatic hypoten-
sion, or violent dyskinesias that may literally perturb the patient beyond the limits of 
stability. Some of these intrinsic risk factors are speci!c for PD (e.g. freezing of gait), but 
patients may also fall due to ‘generic’ risk factors for falls that would apply to any elderly 
person. Examples of such generic risk factors include the use of alcohol, visual impair-
ment or the use of sedative medication (in particular benzodiazepines). After mapping 
all of these intrinsic and extrinsic risk factors, it is possible to develop an individually 
tailored prevention program that aims to prevent future falls and to reduce the risk of 
the associated complications (such as fall-related injuries, or a secondary fear of falling).11 

from www.nigms.nih.gov
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ASSESSMENT OF PATIENTS AT RISK OF FALLING

History taking

History taking is the !rst vital element in assessing fall risk and to screen for the presence 
of balance disorders. Asking about prior falls is crucial, as these are associated with an 
increased fall risk in the future in elderly populations.12,13,14,15 However, recall bias because 
of cognitive impairment may lead to underreporting of the number of falls.16,17 It is there-
fore crucial to interview caregivers to fully elucidate balance problems and to obtain 
an adequate fall history. Prospectively studying the frequency of falls would avoid such 
recall problems, and is therefore likely more accurate. For this purpose, falls need to be 
evaluated on a regular and frequent basis, ideally using a combination of standardized 
retrospective surveys and prospectively documented falls questionnaires to identify the 
actual fall circumstances. This method was applied in Chapter 3 and Chapter 4.

Another important element of the assessment is to search for any fear of falling (or its 
counterpart, balance con!dence). Fear of falling may even be present in patients without 
a history of falls18, and should always be a part of history taking. In this thesis, we have 

Box 1.2

Parkinson’s disease (PD)
Parkinson’s disease (PD) is a progressive neurodegenerative disorder. Its cardinal motor features include a rest-
ing tremor, rigidity, bradykinesia and postural disturbances. It also encompasses a wide range of non-motor 
symptoms, such as mood disorders, autonomic dysfunction, olfactory loss and cognitive decline. Some of these 
non-motor symptoms typically develop in later stages of the disease. Presence of prominent postural instability 
or severe cognitive disturbances early in the course of the disease is not characteristic for PD and points to the 
presence of a form of aypical parkinsonism, such as PSP or vascular parkinsonism.  The estimated prevalence in 
Europe is 160 per 100.000 inhabitants.45 Mean age at onset is approximately 58 years and the prevalence of PD 
increases with age rising to 360 per 100.000 for those aged 80-84.
The cause of PD remains largely unknown, but genetic and environmental factors are thought to play a role.46,47 
The histological hallmarks of PD are a loss of dopaminergic neurons in the substantia nigra and cytoplasmatic 
inclusions termed Lewy bodies, that are composed principally of alpha-synuclein. Therapy is mainly focused at 
correcting the central dopaminergic de(cit. Dopaminergic medication improves the main motor symptoms, es-
pecially rigidity and bradykinesia. However, not all symptoms improve equally well with dopaminergic therapy. 
For example, the resting tremor and postural disturbances are typically refractory or respond only partly to 
dopaminergic therapy. A contribution of non-dopaminergic lesions is supposed to underlie these dopa-resistant 
symptoms. We hypothesize that a noradrenergic de(cit may partially underlie postural disturbances in PD. For 
this purpose, we review the literature on noradrenergic de(cits and the locus coeruleus in PD, and discuss the 
potential role of this nucleus in postural disturbances in PD (Chapter 2).
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studied to what extent fear of falling is associated with falls, and how this may a#ect the 
patient’s quality of life (Chapter 3 and Chapter 5).

Physical examination 

Physical examination should include a generic examination (e.g. blood pressure) and 
a complete neurological examination. For both PD and HD, speci!c rating scales have 
been developed. The Uni!ed Parkinson’s Disease Rating Scale (UPDRS) and the Uni!ed 
Huntington’s Disease Rating Scale (UHDRS) include severity ratings of disease-speci!c 
symptoms, such as rigidity and tremor for PD, or chorea and dystonia for HD.19,20 These 
scales are subdivided into di#erent sections and include not only motor aspects, but 
also cognitive, behavioral, and functional aspects. Both motor scales include gait and 
balance evaluations, of which the retropulsion test is probably known best, but this is 
also the most debated balance test.21,22,23 The retropulsion test is controversial, because it 
is di/cult to execute and evaluate in a standardized manner. Both the test performance 
and the rating of the test result are hindered by intrarater and interrater di#erences.

Therefore, one of the study questions in this thesis was to evaluate the reliability of the 
retropulsion test in identifying fallers, and its ability to predict future fallers (as docu-
mented during prospective follow-up). Furthermore, we wanted to know whether other 
tests would be more reliable. Several other balance tests have been developed, and we 
included the most widely used tests in our evaluation (Chapter 3,4 and 5).

Elderly persons commonly encounter di/culties when they have to perform two tasks 
at the same time (multi-tasking). The ‘Stops walking when talking’-test was introduced 
as a simple test to screen for such di/culties with multitasking.24 This test examines 
the ability of subjects to walk and talk at the same time. Di/culty to perform the test 
adequately turned out to be a good predictor of future falls in the elderly population, at 
least when patients had some cognitive decline. Speci!cally, persons who stopped walk-
ing as soon as they started a routine conversation were at substantial risk for developing 
future falls.23 This is an easy test that can readily be executed in the outpatient clinic, in 
fact, it can already be carried out when walking the patient to the examination room. 
We expected this test to have extra good predictive value for patients with PD, because 
these patients are known to have di/culties performing multiple motor tasks simultane-
ously or sequentially due to basal ganglia dysfunction.25 We therefore studied this ‘Stops 
walking when talking’-test in patients with PD, and analyzed its ability to predict future 
falls in this population (Chapter 6). Dual tasking itself was an important item of the fall 
questionnaires, and we hypothesized that this would be a di/cult task for both PD and 
HD patients, and also that dual task impairment would be related to an increased fall risk 
(Chapter 3 and 4). 
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Quantative measurements

The clinical rating scales described above are all hampered by their subjective nature. 
Therefore, there is considerable interest in the development of quantitative measure-
ments of gait and balance, hoping that these might o#er a more objective perspective 
on the risk of falls in daily life. Such quantitative studies should investigate both the 
‘static’ and ‘dynamic’ components of balance. An example of static balance assessment 
is static posturography, where subjects are quietly standing on a pressure sensitive (but 
steady) forceplate, which can record spontaneous changes in body sway.25 An example of 
dynamic balance assessment is dynamic posturography, where the balance of subjects 
is actively challenged using either self-in.icted balance perturbations (for example, 
lifting a weight) or externally induced balance perturbations (for example, the sudden 
movement after supporting platform upon which subjects are standing).26 In both cases, 
the outcome can be objectively recorded using a combination of full body kinematics, 
surface reactive forces under the feet or surface electromyography. Both techniques 
have been used quite extensively to evaluate the nature of balance disorders in both PD 
and HD21,27,28,29,30,31, although it has thus far proved di/cult to correlate these qualitative 
!ndings to the problems experienced by patients in daily life.

Next to these qualitative balance studies, several methods have been developed to 
analyze gait in more detail. This includes comprehensive laboratory-based approaches, 
where subjects are instructed to walk on a motorized treadmill, and where gait details 
can be studied in detail using full body kinematics, surface reactive forces under the 
feet or surface electromyography. Examples of outcome measures include qualitative 
documentation of step length, step time, walking velocity or the width of the base of 
support. A speci!c new development is the use of body-worn accelerometers, that can 
be used to quantify gait in freely moving subjects.32,33,34,35 In this thesis, we have used this 
technique in combination with a pressure sensitive walkway to objective measure several 
basic gait and balance parameters in freely moving patients with HD (box 1.3) (Chapter 
4). Speci!cally, we wanted to explore the relationship between the documented gait 
characteristics and the risk of falls in daily life. We expected that studying any di#erences 
in gait parameters between fallers (persons who experienced two or more falls in the 
past year) and non-fallers could identify gait disturbances that were associated with an 
increased fall risk in HD (Chapter 4).
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QUALITY OF LIFE

Do recurrent falls a#ect the quality of life of patients with movement disorders? In 
various earlier studies, falls were associated with a lower quality of life in patients with 
PD.36,37,38 It is di/cult to di#erentiate between the impact of falls themselves, versus the 
various factors that are associated with recurrent falls. Disease progression, fear of future 
falls, injuries or immobilization may all play a role in reducing the patient’s quality of life. 
Therefore, we evaluated the quality of life in PD patients in relation to previous falls and 
other fall-related factors (Chapter 5).

Box 1.3

Accelerometry and electronic walkway.
Assessment of balance control during dynamic tasks can be performed with angular velocity transducers worn 
on the trunk (Swaystar system, Balance  Int. Innovations GmbH, Switzerland).48 These sensors can measure 
angular deviations from the centre of mass (COM) in the pitch (anterior-posterior) and roll (lateral) plane during 
walking without interfering with natural body movements.

Gait disturbances can be quanti(ed using an electronic pressure sensitive walkway that records each footfall as 
a function of time (GAITRite, CIR Systems, Inc.:Havertown, PA). Outcome measures are spatial and temporal gait 
parameters such as step length, step time, walking velocity or the base of support. The GAITRite has shown a 
high validity and reliability in analyzing gait in HD.49,50
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PREVENTION OF FALLS

The consequences of falls can be devastating for patients with movement disorders. It is 
therefore crucial to prevent falls in this vulnerable population. As the pathophysiology 
of falls is multifactorial, any therapeutic approach should include an integrated interven-
tion program aimed at all of the di#erent factors that play a role. A !rst crucial step is 
to map all of the intrinsic and extrinsic risk factors that might contribute to the risk of 
falls for each individual patient. Both generic and disease-speci!c risk factors should be 
identi!ed. Only then is it possible to develop an individually tailored prevention program 
that aims to prevent future falls, and to reduce the risk of the associated complications 
(such as fall-related injuries, or a secondary fear of falling). The other important goals of 
such intervention programs should be the preservation of mobility and independence. 
There is currently no program that describes the development of an individually tailored 
intervention. We have therefore reviewed all potential risk factors in PD (both generic 
and disease-speci!c; and both ‘extrinsic’ and ‘intrinsic’), and propose a multifactorial 
intervention program to prevent future falls in this population (Chapter 7). 

SPECIFIC AIMS OF THE THESIS

This thesis describes the impact of balance disturbances on patients with either PD or 
HD, and aims to provide better insight into the assessment of risk factors of falls in these 
two patient groups, as a basis for falls prevention and improvement of the quality of life. 
The main goals of this study were as follows:

1. To review the neuropathological changes underlying falls in PD, with speci!c empha-
sis on the possible role played by the locus coeruleus and the associated changes in 
noradrenergic neurotransmission (Chapter 2).

2.  To prospectively study the epidemiology of falls in PD and HD (Chapter 3 and 4).
3. To gain better insight into the pathophysiology of falls in PD and HD, and to assess 

potential risk factors of falls (Chapter 3,4 and 6)
4.  To evaluate the impact of falls on the quality of life for patients with PD (Chapter 5).
5.  To develop a multifaceted prevention program to reduce falls in PD (Chapter 7).
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