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Movement disorders in 
Dementia (with focus on Paratonia)

Dr. Hans Hobbelen Professor (lector) in Ageing and Allied Health Care

Researchgroup Healthy Ageing Allied Health Care and Nursing

President IPTOP
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World Alzheimer Report 2015 Alzheimer’s Disease International (ADI), London. 
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Dementia:
Major neurocognitive disorder (NCD) DSM V

• Primarily Cognitive disorder 

• (Cognition = The mental process of knowing, 
including aspects such as awareness, 
perception, reasoning, and judgment)

• Acquired and represent decline (i.e. not
developmental)

• Underlying brain pathology
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Motor control 
Mulder et al 2002, Todorov 2004, Goodman 2006

• Movements are originated in the brain 

• Yet it is a complex system of feed-forward 
and control variables 

• The correct performance of a movement is 
dependent on a diversity of feedback loops.

• Adaptation is a key factor
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Survival curve showing time to first fall by diagnosis.

Allan LM, Ballard CG, Rowan EN, Kenny RA (2009) Incidence and Prediction of Falls in Dementia: A Prospective Study in Older 
People. PLoS ONE 4(5): e5521. doi:10.1371/journal.pone.0005521
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0005521

Trailer: Forgetful not forgotten
by Chris Wynn
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Motor problems in Alzheimer’s disease Souren et al 

1997

• In early stage clumsiness (apraxia)

• Slowing down of movements

• Apathy or restlessness (aimless walking)

• Walking on forefoot, no armsway and stiff 
trunk

• Losing the ability to walk, severe paratonia 
and the development of contractures 
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Vascular dementia Scherder 2010

• Motor disorders in diagnostic criteria

• Spasm and hemiparesis

• Walking speed declined

• wider walking base

• Paratonia/rigidity

• Balance (static and dynamic) control 
disturbed
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Lewy Body dementia

• Bradykinesia

• Parkinsonian rigidity 
(lead-pipe 
phenomenon)

• Slowing down

• Small steps in 
walking

• Stability problems

• Freezing of gait

Frontotemporal dementiaScherder 2010

• Difficulties in initiating 
movements

• Core stability disturbed

• Balance disturbed
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Paratonia
• First described by Friedlander (1828) and later by Dupré

(1910) :

• “inability to relax muscles in the setting of cognitive
impairment”

• Kleist (1927) observed oppositional paratonia:

hypertonic response to passive movement “Gegenhalten” 

• Kral (1949) described facilitory paratonia:  

pathologic assistance (actively assisting passive
movement or involuntary cooperation).
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Late stage dementia

* Vahia et al. Am J Geriatr Psychiatry 2007
Hobbelen et al. Int Psychogeriatr 2011

Photo by José Verheijden Photo by Bieke van Deun

Paratonia
• Motor function disorder in dementia

• Paratonia is a form of hypertonia with an involuntary 
variable resistance during passive movement. 

23

24



13

Paratonia
• Motor function disorder in dementia

• Paratonia is a form of hypertonia with an involuntary 
variable resistance during passive movement. 

• Estimated prevalence of 5-10% in the early/mild stages, 
90-100% in later/severe stages*

* Vahia et al. Am J Geriatr Psychiatry 2007
Hobbelen et al. Int Psychogeriatr 2011
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Assessment of paratonia and
paratonia severity
• PAI

• MAS-P

• Myoton

• EMG

Paratonia Assessment Instrument (PAI)
Standardized method to clinically identify paratonia and
differentiate it from other forms of increased muscle tone, 
such as parkinsonian rigidity and spasticity
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https://www.paratonia.org/zorgprofessionals-
onderzoekers/paratonia-assessment-instrument-
pai/

Paratonia severity
Modified Ashworth Scale (MAS-P)

Waardenburg et al. 1999 / Drenth et al. 2017 

0   = no resistance to passive movement 

0+ = active assistance

1   = slight resistance during passive movement 

2   = more marked resistance to passive movement

3   = considerable resistance to passive movement

4   = severe resistance, passive movement is impossible
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Myoton

• MAS is the worldwide standard, but

• prone to subjectivity and clinical experience is 
necessary 

• Tone, elasticity, stiffness, creep, mechanical 
stress relaxation

• Validated in CVA, Parkinson

• Validity and reliability recent in paratonia

3
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Clinical implications

• Potentially applicable for cross-sectional
studies between groups

• Less suitable to measure intra-individual
changes

• Outcomes should be interpreted with care, 
because of the inherent variability in 
movement resistance in paratonia

3
3

Surface electromyography to measure paratonia
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Paratonic bursts during sinusoidal and linear passive movements while the 
subject is at rest

Facilitory Oppositional

Oppositional paratonia

Prevalence of paratonia

A Mild form of paratonia
can be detected in 
healthy persons 

 Possibly interesting for early 

detection of AD

Marinelli et al., 2022
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Pathophysiology
• The pathophysiology of paratonia is not well 

understood

• CNS-based aetiology of paratonia seems

likely in severe paratonia.

• However, it is likely that peripheral 
biomechanical changes interfere with or 
accelerate the severity of paratonia.

van den Noort, J. C., Bar-On, L., Aertbeliën, E., Bonikowski, M., Braendvik, S. M., Broström, E. W., Buizer, 
A. I., Burridge, J. H., van Campenhout, A., Dan, B., Fleuren, J. F., Grunt, S., Heinen, F., Horemans, H. L., 
Jansen, C., Kranzl, A., Krautwurst, B. K., van der Krogt, M., Lerma Lara, S., Lidbeck, C. M., … Harlaar, J. 
(2017). European consensus on the concepts and measurement of the pathophysiological neuromuscular
responses to passive muscle stretch. European journal of neurology, 24(7), 981–e38. 
https://doi.org/10.1111/ene.13322
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Proposed mechanism Paratonia

Current hypothesis: decreased
inhibition from the frontal cortex 
in AD causes uncontrolled

muscle activitation

Marie-Fleur Passchier

Slide from dr. Menno Veldman 
UMCG
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First results in healthy young people(n = 12)

Inhibition declines with higher
passive movement frequency
(‘alpha frequencies)

Dr. Menno Veldman UMCG

• Longitudinal study to investigate factors of 
influence in developing paratonia

16-2-
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Results

Hobbelen JS, et al.Prevalence, incidence and risk factors of paratonia in patients with dementia: a one-year

follow-up study. Int Psychogeriatr 2011;23(7):1051-1060.

204 participant204 participant

133 no 
paratonia

133 no 
paratonia

1-year follow-up

51 Paratonia

1-year follow-up

51 Paratonia

1-year follow-up 
82 no paratonie
1-year follow-up 
82 no paratonie

71 Paratonia71 Paratonia

Hobbelen et al 2011
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New insights in the development of paratonia

• Diabetes Mellitus 10.7 times higher risk to
develop paratonia

• Hypothesis; Due to nonenzymatic glycation
with Advanced Glycation Endproducts (AGE) 
that causes cross-links in collagen The 
PARAGE study

• Advanced Glycation End-products (AGEs)

• Non-enzymatic condensation of a reducing 
sugar with proteins (especially collagen tissue)

• AD and DM related to higher level AGEs

• It is hypothesized that in paratonia several 
central and peripheral pathways take place
simultaneously and reinforce or interact with
each other
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Current insights
High levels of AGEs affect motor skills and can
induce Paratonia. 

H.Drenth; Motor Function, Paratonia & Glycation Cross Linked in Older People; Disertation, 2018 
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what is an effective intervention for paratonia

• Passive movement therapy is not beneficial

• Relaxing/rocking movements promising results (van Deun 2018)

• Promising results of Botuline Toxine (Kleiner et al 2014)

• Good stabilising cushions or postitioning programs and PDL-
concept are not yet investigated.

• Important to analyse the effects with known reliable assessment 
instruments for individual treatments --> above all it is important 
to analyse first the problems of the patient.
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Focus on prevention 
Exercise is medicine!!
• Intensive glycemic control (nutrition / 

physical activity) may be key methods for
decreasing AGE formation and potentially
prevent paratonia (Drenth et al. 2020)

• To improve physical fitness and control the
accumulation of Advanced Glycation End 
Products

• To preserve cognitive function
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possible effects directly in the brain due to physical
activity Rolland 2008, van Praag 2009

• Positive effect on general health

• improves cytoarchitecture of the brain (neurogenesis, 
angiogenesis)

• improves electrophysiological capacity (neurotransmitters)

• Increase of brain growth factors (i.e.BDNF)

• decreases amyloid ‘burden’ 

• Positive effect on several enzymes and gene-expression

小宮　諒
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Carmen Fiuza-Luces et al. Physiology 
2013;28:330-358

©2013 by American Physiological 
Society

• Procedural (Implicit) learning

• Errorless learning

• At set times and for a longer period of time

• Sufficient repetition, intensity, challenge and
practice at the maximum level of ability
undertreatment is a real risk
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Future directions of research

5
9

1) Pathogphysiology of paratonia
e.g. can (impaired) sensory and motor signals to and from the
sensorimotor areas in the brain be related to the degree of paratonia?

2) Validation and refinement of instruments and 
techniques to capture and measure the severity of 
paratonia that can detect changes due to trial 
interventions
e.g. expanding EMG/EEG research Marinelli et al.

3) Methodologically rigorous clinical trials of 
therapeutics
e.g. prevention by AGE’s reduction or the effect of exercise on severe 
paratonia or investigate the effect of stabilising cushions

Join us and help us
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Thank you for your attention !
j.s.m.hobbelen@pl.hanze.nl
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