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Freezing of gait (FOG) is a common, disabling gait disturbance in Parkinson’s disease
(PD) and other Parkinsonian syndromes. Freezing also occurs during non-gait movements involving the upper limbs. The mechanisms underlying freezing are complex,
likely involving motor, cognitive, and sensory systems that contribute to the episodes.
Here, we reported a 60-year-old female with a 24-year history of parkinsonism who
experienced significant FOG when ambulatory. Disease progression resulted in her
permanent use of a powered wheelchair. While using the power chair, the patient experiences apparent paroxysmal freezing in the hand and arm used to steer and propel the
chair. These episodes, some lasting up to several minutes, occur only in circumstances
(e.g., entering and leaving an elevator) that are similar to environments known to elicit
and exacerbate FOG. Episodes are transient and can be volitionally interrupted by the
patient but sometimes require external assistance. Therapeutic intervention for this type
of potential freezing has yet to be determined. This case may provide insight into the
complex nature of freezing behavior and suggests a need for new approaches to treating
non-traditional freezing behavior.
Keywords: Parkinson’s disease, hypokinesia, upper-limb freezing, freezing, akinesia

INTRODUCTION
Freezing of gait (FOG) is a common and disabling motor symptom of Parkinson’s disease (PD)
and other Parkinsonian conditions. FOG is defined as a “brief, episodic absence or marked reduction of forward progression of the feet despite the intention to walk” (1). Approximately half of
people with PD will experience FOG as the disease progresses (2). While it is typically associated
with greater disease duration and dose of levodopa medication, FOG can affect some individuals
earlier in the disease course (3). The health-related impact of FOG is concerning. FOG is associated
with an increased risk of falling (4, 5), reduced quality of life (6), and cognitive impairment (7, 8).
While pharmacologic and surgical treatment can alleviate freezing episodes in some patients, others
continue to exhibit freezing behavior despite optimal treatment with these therapies (9, 10). These
observations suggest that FOG may involve non-dopaminergic systems (3), but the causal pathways
remain poorly understood.
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While freezing predominantly affects walking and stepping,
recent work showed that freezing can affect non-gait motor
systems as well (11). These data indicate that similar freezing
can occur during upper-limb and finger movements (12–14),
as well as during speech (15). While gait and non-gait freezing
do not necessarily co-occur, these data suggest that some common mechanism underlies motor arrests in PD. As such, in the
remainder of this case report, we will use the term “freezing” to
include both gait and non-gait phenomena.
Various hypotheses describing potential mechanisms of freezing have been proposed, including impaired automaticity (16),
perceptual impairments (17), and cognitive-motor decoupling
(18), and this remains an active area of research. Furthermore,
non-dopaminergic systems such as serotonergic neurons in the
raphe nucleus and cholinergic neurons in the pedunculopontine
nucleus may also play a role (3). Thus, freezing likely involves
a widespread network of various brain regions. In this case
report, we describe a patient with dopa-responsive parkinsonism
who experienced gait freezing when ambulatory and currently
experiences apparent freezing only when operating her powered
wheelchair in situations that often elicit gait freezing. The purpose
of this case is to present a novel task-specific case of potential
freezing and to summarize and expand on the potential neurological mechanisms of freezing.

of carbidopa/levodopa (Unified Parkinson’s Disease Rating
Scale motor subsection (UPDRS III) score improved from 38 to
15.5 with titration). Over the next several years, she developed
motor fluctuations with painful OFF-state left arm/leg dystonia
and peak-dose cervical dystonia (worse on the left). Trials with
ropinerole provided initial relief of OFF-state dystonia, but in late
2001, she developed dose-limiting peak-dose dyskinesia and was
unable to tolerate ropinerole or trials with pergolide, pramipexole,
tolcapone, or entacapone in addition to amantadine and levodopa. Over the next 3 years, she experienced worsening gait (due
in part to worsening left leg dystonia) with freezing that resulted
in at least 2 falls per week by 2004. In 2006, on examination,
gait impairment was characterized independent of dystonia by
inability to lift her feet, particularly on the left side, resembling
the akinetic subtype of FOG (19). At this time, FOG was severe
enough that she used a wheelchair when outside of the home for
safety.
In June 2006, she underwent successful implantation of bilateral subthalamic nucleus deep brain stimulation after OFF/ON
evaluation revealed improvement of the UPDRS III score from
69 in the practically defined OFF state to 13.5 following ingestion
of 600 mg levodopa. DBS resulted in markedly reduced rigidity and tremor, and relieved pain secondary to left arm and leg
dystonia which allowed reduction of levodopa dosing over 50%
during the first year. After DBS, the patient’s gait and mobility
improved substantially, and she did not regularly use her power
scooter. Three years following DBS, she required dose titrations
and again developed motor fluctuations with worsening rest
tremor, dystonia, and FOG. By July of 2009, she was still able to
walk, but again preferred to use a power chair due to fear of falls
in the context of worsening FOG. She was bound to her power
chair in 2012 due to progression of gait instability and FOG with
increased motor fluctuations.
In April 2015, the patient first reported intermittent right
hand freezing while controlling her power wheelchair in specific
situations. Three months later, this apparent freezing of the
upper extremity began to interfere substantially with her ability
to propel her power wheelchair, particularly when entering an
elevator or passing through doorways. The apparent freezing
was mostly in her fingers, which controlled the movement of
her chair. During episodes, the patient does not display dystonic
posturing of the wrist or hand typical of her OFF-period dystonia,
or as an overflow phenomenon. As reported in May of 2016, the
navigation-related upper-limb freezing episodes occur a few
times per day. The suspected freezes observed in the clinic usually
lasted just a few seconds, but the patient reports episodes may last
for as long as 1–10 min. The patient is typically able to break the
motor arrests using her other hand (left) to release fingers of the
right hand from the steering knob. In cases where the episodes
last several minutes, staff members at her living facility intervene
to help break the motor arrest. These apparent freezing episodes
occur when moving the wheelchair both forward and backward.
Entering and exiting elevators are the most common triggers,
though navigating around the dining room in the presence of
other residents who make her feel nervous occasionally triggers
these episodes of potential freezing. The patient reports that these

CASE REPORT
The patient is a 60-year-old woman with a 24-year history of
parkinsonism currently residing in an assisted living facility. She
initially presented to our movement disorder clinic in 1996 with a
4-year history of gradually progressive lower extremity pain and
spasms, and blepharospasm following constipation and urinary
urge. Baclofen and botulinum toxin targeting ocular muscles
provided modest benefit for spasms. The differential remained
broad and initial workup included normal brain magnetic
resonance imaging (MRI), cervical, thoracic, and lumbar spine
MRI, cerebrospinal fluid studies (cell count, protein, glucose,
oligoclonal bands, Lyme titers), complete blood cell count, comprehensive metabolic panel, thyroid-stimulating hormone level,
triiodothyronine (T3) levels, free thyroxine (T4) levels, serum
immunofixation, ceruloplasmin, B12, Venereal Disease Research
Laboratory, erythrocyte sedimentation rate, extractable nuclear
antigen, antinuclear antibody (slightly elevated, but rheumatology
follow-up revealed no association with clinical syndrome), vitamin E, human immunodeficiency virus, human T-cell lymphotropic virus, very long chain fatty acids, electromyography/nerve
conduction studies, serum and urine amino acids, conjunctival
biopsy for lipofuscinosis, urine samples for arylsulfatase A, negative gene testing for spinocerebellar ataxia-type 3, and Huntington
disease.
Over the next 2 years, she displayed progressive asymmetric
(left more than right) leg and arm dystonia with concomitant
development of asymmetric leg then arm rest tremor, rigidity,
and impaired gait (asymmetric foot dragging) and balance. PD
was diagnosed in 1998 following exquisite improvement of rest
tremor, rigidity, dystonia, gait, and blepharospasm with initiation
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navigation-related upper-limb freezing episodes are similar to
gait freezing she experienced previously and are accompanied
by similar sensations and feelings of panic without other panic
attack features. These episodes can occur either at peak dose or in
the off state, but are more frequent and last longer in the off state.
Because the patient is no longer ambulatory, we cannot determine
if she still experiences gait freezing. The patient does not report
this potential upper-limb freezing during any other upper-limb
tasks nor does the apparent upper-limb freezing occur during
wheelchair steering in other circumstances, such as navigating
a wide open space. This is consistent with observations in our
clinic.
On examination, she had saccadic intrusions on smooth
pursuit, but no additional extraocular movement abnormalities.
Finger tapping, hand movement, and leg agility were slow with
diminished amplitude in the OFF more than ON state, but movement always remained visible, except at the moments described
when operating her chair. Bradykinesia remained fairly constant
in the OFF state, whereas the apparent freezing phenomenon was
transient, most often lasting about 5–15 s (though occasionally
longer). There was no increase or change in dystonic posturing when she attempted to initiate hand movements to control
the wheelchair, and she lacked subjective pain that frequently
accompanied OFF-period dystonia. She was otherwise able to
accurately maneuver the wheelchair throughout most of the day,
despite obvious and painful hand dystonia. She denied subjective
concerns of not knowing how to make the desired movement
during freezing episodes, and she lacked constructional or
ideomotor apraxia on formal testing. Freezing episodes did not
depend on whether observers were present or on any apparent
psychological rewards.
She has an extensive psychiatric history including the following symptoms: major depression, hallucinations, and suicidal
ideation. Psychiatric treatments have included thiothixene,
quetiapine, and electroconvulsive therapy with good benefit.
Antipsychotics were last prescribed 10–15 years prior to her first
visit at our center (except for 1–3 nightly doses of quetiapine
12.5 mg in 2014). Depression occurring concomitantly with
parkinsonism was treated intermittently with nortriptyline,
mirtazapine, paroxetine, nefazodone, and duloxetine. The patient
has a family history of paranoid schizophrenia (brother) and
alcoholism. At present, she is cognitively normal (Mini-Mental
Status Exam score of 27, Montreal Cognitive Assessment score of
28) and has no evidence of changes in memory.
The patient’s current medications as of October 2016 are
summarized in Table 1, categorized as “parkinsonism,” “psychiatric,” and “pain.” Her prescribed levodopa equivalent daily
dose is 650 mg, and she currently takes only levodopa (i.e., no
agonists or MAOB inhibitors). Frequent revision of medication
schedules, particularly following DBS, was a major part of her
management as the patient experienced constant debilitating
pain, frequent on- and off-period dystonia, and occasional
hallucinations. Motor benefit from levodopa (taken every 3 h
from 6 a.m. to 6 p.m. and CR at 9 p.m.) appeared in 30 min,
and lasted until 30–45 min prior to her next dose. The UPDRS
was administered 53 min after a regular dose of carbidopa/
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Table 1 | Current medications.
Medication

Parkinsonism

Psychiatric

Pain

Total daily
dose (mg)

Sinemet (carbidopa–levodopa)
Sinemet (carbidopa–levodopa)

150/600
25/100

Sinemet (carbidopa–levodopa)

50/200

Cymbalta (duloxetine)
Dextroamphetamine Sulfate
Mirtazapine
Acetaminophen
Baclofen

90
40
30
325
50

Gabapentin

3,600

Ibuprofen

2,400

Comments

1 tablet 4×/day,
as needed
1 tablet at
bedtime

As needed
10 mg 3×/day,
20 mg at bedtime
Additional 300 mg
as needed

levodopa during her October 2016 visit. The summary scores
are as follows: Part I: 3/16, Part II: 25/52, Part III: 64.5/108, and
Part IV: 4/23. For subscale III (motor), the patient has severe
bradykinesia and hypokinesia, hypophonia, and cannot rise
from her motorized chair without assistance. DBS settings were
last adjusted in January of 2015. Neither medication nor DBS
therapies currently provide sufficient relief for this patient’s
apparent task-specific upper-limb freezing during navigation,
though she reports worse and more frequent episodes during
off-medication periods.

DISCUSSION
Freezing is a complex and poorly understood feature of PD. The
pathophysiological and behavioral mechanisms associated with
freezing likely involve motor, cognitive, and sensory factors (20).
How these factors interact is still not fully understood and, as a
result, the current array of treatment approaches for freezing do
not provide sufficient long-term benefit (21). In this report, we
describe a novel case of a patient who previously experienced gait
freezing, and while now non-ambulatory, experiences episodes
in the upper limb that appear to be freezes when navigating
her wheelchair in specific situations that also commonly elicit
FOG. The circumstances and sensations during these episodes as
reported by the patient are similar to those experienced during
previous gait freezing. To our knowledge, this is one of the first
reports of apparent freezing of another part of the body during
a navigation-related task (i.e., steering a wheelchair). Systematic
studies of upper-limb freezing manipulated the spatiotemporal
components of the task to induce freezing (12–14); however, it
was not clear if these participants also experienced upper-limb
freezing during other tasks or in specific environments (such as
when passing through narrow spaces).
While the motor demands differ between walking and
navigating a wheelchair, sensory aspects such as optic flow
are similar. One current hypothesis is that freezing is due to
perceptual impairments related to visuomotor integration
of one’s body within the environment (17). Evidence for this
comes from patient reports as well as experiments examining
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how people with PD walk through spaces with varying widths,
such as doorways (22, 23). The patient reported that her freezing
was worse when entering/exiting elevators and when finding a
seat in the dining hall. Both situations challenge spatial judgment, and navigating in the dining hall was also emotionally
taxing for this particular patient. In addition, the cognitive and
emotional demands associated with these scenarios are similar
in both walking and using a wheelchair. Complex tasks can
exacerbate freezing (24), and fear related to prior freezing events
may increase anxiety and also contribute to freezing (25). This
patient has a history of mood disorder that may contribute to
emotion-related freezing triggers. Since cognitive-motor overload is also a plausible mechanism for freezing behavior (18),
cognitive interference may play a role in this case as it does in
other types of freezing. Though we saw no evidence of cognitive impairment in this individual, increasing cognitive load
has been shown to trigger freezing episodes in people with PD
who experience freezing, regardless of cognitive status (3, 26).
As a result, cognitive-motor interference may contribute to this
phenomenon. Overall, these hypotheses suggest a more general
mechanism that could apply to both FOG and upper-limb freezing during navigation, even though these two tasks have very
different motor demands.
We cannot rule out other explanations for the phenomenon
described in this case. Dystonia is a common side effect of dopaminergic treatment, usually occurring in the off-period (27).
The patient experienced previous dystonia in the lower limbs
during both on- and off-medication periods. The interruption
in her intended upper-limb movements could also potentially
be attributed to a form of dystonia. However, this is unlikely
because the patient’s previous dystonia was generalized and not
associated with certain tasks or situations, whereas the current
apparent freezing occurs only in the upper limb involved in
wheelchair navigation and only during specific situations. More
directly, dystonic posturing and pain were absent during the
episodes, and finger torsion or deviation was not observed upon
examination. Further, the patient did not report focal muscle
tension during these episodes of suspected freezing while using
the wheelchair. Recordings of muscle activity during upper-limb
freezing episodes were not able to be collected for this patient.
However, in future cases of suspected task-specific upper-limb
freezing, this may help distinguish between dystonia, which is
characterized by sustained agonist/antagonist co-contraction
(28), and freezing, which is typically accompanied by inappropriate timing of agonist/antagonist muscle pairs (3). General but
severe bradykinesia could feasibly contribute to the interruption
of her upper-limb movements as well. On the UPDRS III, the
patient scored a 4 on body bradykinesia and hypokineisa, and
a 3 or 4 on finger tapping, hand movements, and leg agility.
However, the duration of the episodes are too long to be purely
bradykinetic in nature, and the patient is able to volitionally
break the motor arrests herself in most cases, similar to what is
seen in FOG.
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This phenomenon of apparent upper-limb freezing is also
unique from typical episodes of lower limb or gait freezing.
For example, the maximal duration of the episodes reported
by the patient is atypically long compared to most reports of
FOG. Most FOG episodes last less than 10 s and rarely last
more than 30 s before movement is regained (19). However,
episodes observed within the clinic were all within the typical
reported range. The lack of arm trembling concurrent with the
episode is also uncharacteristic of FOG. However, there are
numerous reports of upper-limb freezing episodes described
as a cessation of movement in one or more hand that are not
accompanied by trembling (29–32). Further, striking similarities between this phenomenon of apparent upper-limb freezing and FOG include the identifiable environmental triggers
(crowded spaces, passageways) and the ability to interrupt the
episodes.

CONCLUSION
Overall, unique cases such as this highlight the need to consider
freezing as a problem affecting the entire sensorimotor system
and emphasize the need for clinicians and researchers to develop
new treatments for non-gait freezing.

ETHICS STATEMENT
The patient gave signed consent for releasing her health information in the format of this case report. The authors consulted
the Washington University Human Research Protection Office
(IRB), which judged that additional ethics review was not
required.

AUTHOR CONTRIBUTIONS
STN and MM wrote the manuscript. SAN and KB collected data.
STN, MM, GE, SAN, and KB edited the manuscript.

ACKNOWLEDGMENTS
We would like to thank the patient for agreeing to allow use of her
available clinical data for scientific use and publication.

FUNDING
Research reported in this publication was supported by the
Greater St. Louis Chapter of the American Parkinson’s Disease
Association (APDA), the APDA Advanced Center for PD
Research, and by the Washington University Institute of
Clinical and Translational Sciences grant UL1TR000448 subaward TL1TR000449 from the National Center for Advancing
Translational Sciences (NCATS) of the National Institutes of
Health (NIH).

4

May 2017 | Volume 8 | Article 205

Nemanich et al.

Upper-Body Freezing in Parkinsonism Using Wheelchair

REFERENCES

19. Schaafsma JD, Balash Y, Gurevich T, Bartels AL, Hausdorff JM, Giladi N.
Characterization of freezing of gait subtypes and the response of each to
levodopa in Parkinson’s disease. Eur J Neurol (2003) 10(4):391–8. doi:10.1046/
j.1468-1331.2003.00611.x
20. Shine JM, Naismith SL, Lewis SJ. The pathophysiological mechanisms
underlying freezing of gait in Parkinson’s disease. J Clin Neurosci (2011)
18(9):1154–7. doi:10.1016/j.jocn.2011.02.007
21. Walton CC, Shine JM, Mowszowski L, Naismith SL, Lewis SJG. Freezing
of gait in Parkinson’s disease: current treatments and the potential role for
cognitive training. Restor Neurol Neurosci (2014) 32(3):411–22. doi:10.3233/
Rnn-130370
22. Cowie D, Limousin P, Peters A, Day BL. Insights into the neural control of loco
motion from walking through doorways in Parkinson’s disease. Neuropsycho
logia (2010) 48(9):2750–7. doi:10.1016/j.neuropsychologia.2010.05.022
23. Cohen RG, Chao A, Nutt JG, Horak FB. Freezing of gait is associated with
a mismatch between motor imagery and motor execution in narrow doorways, not with failure to judge doorway passability. Neuropsychologia (2011)
49(14):3981–8. doi:10.1016/j.neuropsychologia.2011.10.014
24. Spildooren J, Vercruysse S, Desloovere K, Vandenberghe W, Kerckhofs E,
Nieuwboer A. Freezing of gait in Parkinson’s disease: the impact of dualtasking and turning. Mov Disord (2010) 25(15):2563–70. doi:10.1002/mds.
23327
25. Martens KA, Hall JM, Gilat M, Georgiades MJ, Walton CC, Lewis SJ. Anxiety
is associated with freezing of gait and attentional set-shifting in Parkinson’s
disease: a new perspective for early intervention. Gait Posture (2016) 49:431–6.
doi:10.1016/j.gaitpost.2016.07.182
26. Nieuwboer A, Giladi N. Characterizing freezing of gait in Parkinson’s disease:
models of an episodic phenomenon. Mov Disord (2013) 28(11):1509–19.
doi:10.1002/mds.25683
27. Krack P, Pollak P, Limousin P, Benazzouz A, Deuschl G, Benabid AL. From
off-period dystonia to peak-dose chorea. The clinical spectrum of varying
subthalamic nucleus activity. Brain (1999) 122(Pt 6):1133–46. doi:10.1093/
brain/122.6.1133
28. Berardelli A, Rothwell JC, Hallett M, Thompson PD, Manfredi M, Marsden CD.
The pathophysiology of primary dystonia. Brain (1998) 121(Pt 7):1195–212.
doi:10.1093/brain/121.7.1195
29. Bronte-Stewart HM, Ding L, Alexander C, Zhou Y, Moore GP. Quanti
tative digitography (QDG): a sensitive measure of digital motor control in
idiopathic Parkinson’s disease. Mov Disord (2000) 15(1):36–47. doi:10.1002/
1531-8257(200001)15:1<36::AID-MDS1008>3.0.CO;2-M
30. Almeida QJ, Wishart LR, Lee TD. Bimanual coordination deficits with
Parkinson’s disease: the influence of movement speed and external cueing.
Mov Disord (2002) 17(1):30–7. doi:10.1002/mds.10030
31. Sauermann S, Standhardt H, Gerschlager W, Lanmuller H, Alesch F. Kinematic
evaluation in Parkinson’s disease using a hand-held position transducer and
computerized signal analysis. Acta Neurochir (Wien) (2005) 147(9):939–945;
discussion 945. doi:10.1007/s00701-005-0569-4
32. Nieuwboer A, Vercruysse S, Feys P, Levin O, Spildooren J, Swinnen S. Upper limb
movement interruptions are correlated to freezing of gait in Parkinson’s disease.
Eur J Neurosci (2009) 29(7):1422–30. doi:10.1111/j.1460-9568.2009.06681.x

1. Giladi N, Nieuwboer A. Understanding and treating freezing of gait in parkinsonism, proposed working definition, and setting the stage. Mov Disord (2008)
23(Suppl 2):S423–5. doi:10.1002/mds.21927
2. Forsaa EB, Larsen JP, Wentzel-Larsen T, Alves G. A 12-year populationbased study of freezing of gait in Parkinson’s disease. Parkinsonism
Relat Disord (2015) 21(3):254–8. doi:10.1016/j.parkreldis.2014.12.020
3. Nutt JG, Bloem BR, Giladi N, Hallett M, Horak FB, Nieuwboer A. Freezing
of gait: moving forward on a mysterious clinical phenomenon. Lancet Neurol
(2011) 10(8):734–44. doi:10.1016/S1474-4422(11)70143-0
4. Kerr GK, Worringham CJ, Cole MH, Lacherez PF, Wood JM, Silburn PA.
Predictors of future falls in Parkinson disease. Neurology (2010) 75(2):116–24.
doi:10.1212/WNL.0b013e3181e7b688
5. Paul SS, Canning CG, Sherrington C, Lord SR, Close JC, Fung VS. Three simple clinical tests to accurately predict falls in people with Parkinson’s disease.
Mov Disord (2013) 28(5):655–62. doi:10.1002/mds.25404
6. Rahman S, Griffin HJ, Quinn NP, Jahanshahi M. Quality of life in Parkinson’s
disease: the relative importance of the symptoms. Mov Disord (2008)
23(10):1428–34. doi:10.1002/mds.21667
7. Amboni M, Cozzolino A, Longo K, Picillo M, Barone P. Freezing of gait and
executive functions in patients with Parkinson’s disease. Mov Disord (2008)
23(3):395–400. doi:10.1002/mds.21850
8. Cohen RG, Klein KA, Nomura M, Fleming M, Mancini M, Giladi N, et al.
Inhibition, executive function, and freezing of gait. J Parkinsons Dis (2014)
4(1):111–22. doi:10.3233/jpd-130221
9. Giladi N. Medical treatment of freezing of gait. Mov Disord (2008) 23(Suppl 2):
S482–8. doi:10.1002/mds.21914
10. Vercruysse S, Vandenberghe W, Munks L, Nuttin B, Devos H, Nieuwboer A.
Effects of deep brain stimulation of the subthalamic nucleus on freezing of
gait in Parkinson’s disease: a prospective controlled study. J Neurol Neurosurg
Psychiatry (2014) 85(8):871–7. doi:10.1136/jnnp-2013-306336
11. Vercruysse S, Gilat M, Shine JM, Heremans E, Lewis S, Nieuwboer A.
Freezing beyond gait in Parkinson’s disease: a review of current neurobehavioral evidence. Neurosci Biobehav Rev (2014) 43:213–27. doi:10.1016/
j.neubiorev.2014.04.010
12. Vercruysse S, Spildooren J, Heremans E, Vandenbossche J, Wenderoth N,
Swinnen SP, et al. Abnormalities and cue dependence of rhythmical upperlimb movements in Parkinson patients with freezing of gait. Neurorehabil
Neural Repair (2012) 26(6):636–45. doi:10.1177/1545968311431964
13. Williams AJ, Peterson DS, Ionno M, Pickett KA, Earhart GM. Upper
extremity freezing and dyscoordination in Parkinson’s disease: effects of
amplitude and cadence manipulations. Parkinsons Dis (2013) 2013:595378.
doi:10.1155/2013/595378
14. Barbe MT, Amarell M, Snijders AH, Florin E, Quatuor EL, Schonau E,
et al. Gait and upper limb variability in Parkinson’s disease patients with
and without freezing of gait. J Neurol (2014) 261(2):330–42. doi:10.1007/
s00415-013-7199-1
15. Moreau C, Ozsancak C, Blatt JL, Derambure P, Destee A, Defebvre L. Oral
festination in Parkinson’s disease: biomechanical analysis and correlation
with festination and freezing of gait. Mov Disord (2007) 22(10):1503–6.
doi:10.1002/mds.21549
16. Vandenbossche J, Deroost N, Soetens E, Coomans D, Spildooren J, Vercruysse S,
et al. Freezing of gait in Parkinson’s disease: disturbances in automaticity and
control. Front Hum Neurosci (2012) 6:356. doi:10.3389/fnhum.2012.00356
17. Almeida QJ, Lebold CA. Freezing of gait in Parkinson’s disease: a perceptual cause for a motor impairment? J Neurol Neurosurg Psychiatry (2010)
81(5):513–8. doi:10.1136/jnnp.2008.160580
18. Lewis SJ, Barker RA. A pathophysiological model of freezing of gait in
Parkinson’s disease. Parkinsonism Relat Disord (2009) 15(5):333–8. doi:10.1016/
j.parkreldis.2008.08.006

Frontiers in Neurology | www.frontiersin.org

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2017 Nemanich, McNeely, Earhart, Norris and Black. This is an open-ac
cess article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

5

May 2017 | Volume 8 | Article 205

