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Abstract: Background: Freezing of gait (FOG) in Parkinson’s disease (PD) is poorly understood; however,
with the established understanding of basal ganglia function, its manifestations should be more easily
interpretable. This review examines freezing of gait (FOG) from such a perspective.

Methods: A search of the MEDLINE and EMBASE databases from the year 2000 onward for review articles,
focused on the pathophysiology of FOG, was used to determine current concepts. A previously established
model of basal ganglia function was used to determine the concepts’ validities. At the core of the model are
deficits in motor set maintenance and timing cue production for automatic movement. It includes the shift
between attention and automation to the predominant attention control of gait in PD.

Results: The difficulties of the found concepts to explain FOG stem from failure to characterize different FOG
components, from the assumption that all components share a similar pathophysiology, from a failure to
separate basic deficits from compensatory mechanisms, and from the assumption that cognitive deficits are
the cause of FOG rather than representing an inadequate compensation to FOG. Pragmatic approaches to
management use the attention shift, with the provision of visual information about correct amplitude of step
to correct initiation deficits, and motor blocks during gait. It also emphasizes the need to prevent step length
reduction on turns, environmental situations, and cognitive overload.

Conclusion: The concept of automatic deficits in set maintenance and cue production best describe FOG
manifestations in PD and, with the use of attention, the concept also provides pragmatic strategies for
management.

A large body of literature exists on the clinical phenomenon of
freezing of gait (FOG) in Parkinson’s disease (PD) with a com-
mon theme of poor understanding of its pathogenesis. Several
factors may underpin this ongoing uncertainty about the patho-
genesis of FOG. These factors include: (1) a failure to relate the
phenomenon of FOG to what is known about basal ganglia
(BG) function and malfunction in PD; (2) the consideration of
FOG as a single entity, rather than consisting of a variety of dif-
ferent manifestations; (3) the view that the pathology of FOG is
consistent across all manifestations; (4) the failure to separate the
compensatory mechanisms associated with FOG from basic

pathophysiology; (5) the failure to take into account disturbance
in motor referencing in automatic gait control; and (6) the view
that cognitive deficits in patients with FOG are directly respon-
sible for the motor deficits rather than impairing adequate com-
pensation.

In this review, we examine FOG with a focus on BG func-
tion and malfunction in PD. Much is already known, published,
and accepted in this area, and it seems to us that the clinical
template for manifestations of FOG already exists; thus, it may
prove useful to use this perspective to examine current theories
of FOG to try and determine why such theories may not
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provide adequate explanations for its manifestations. We under-
took a search of the MEDLINE and EMBASE databases from
the year 2000 onward for review articles focused on the patho-
physiology of FOG to determine current theories and ideas.
The theories identified included abnormal gait pattern genera-
tion, disturbed central drive, disturbed automaticity of gait,
mismatch between anticipatory postural adjustments and step
initiation, perceptual dysfunction, and frontal executive
dysfunction.

The results of this review suggest that a simple concept of
BG function and malfunction in PD has the capacity to explain
not only most aspects of FOG manifestations but also some of
the discrepancies in the examined theories. Furthermore, an
extension of this concept can also provide pragmatic approaches

to short-term management.

Characteristics of FOG
Definition

FOG has been defined as “a brief, episodic absence or a marked
reduction of forward progression of the feet despite the inten-
tion to walk.”! However, after this review, we recommend that
this definition needs to be extended to include “the intention
to walk with a predetermined stride length in automatic mode.”
We suggest this change in definition to emphasize that the
manifestations of FOG occur only under these circumstances.
Clinically, these 2 requirements exist when walking is per-
formed without any concentration. These are important aspects

of FOG that help explain some of its manifestations, as demon-

strated below.

FOG Types

The transient interruption to walking in FOG can occur at
initiation of gait, during gait (motor block), or in both situa-
tions.” In addition, the interruptions are usually associated
with other motor phenomena. These include hypokinetic gait
(small steps),” the sequence effect (sequential decrement in
step size),” festination (hurrying slowly),” mismatch between
anticipatory postural adjustments and step initiation,” and tre-
mor in place or trembling knees (repeated but ineffective
movement of the feet).> The latter 2 disturbances are usually
associated with initiation disturbances, and the former 3 are
associated with transient interruption to stepping while walk-
ing. FOG is not a single entity but rather it refers to an
umbrella term that encompasses these differing motor distur-
bances. It is interesting that past publications frequently failed
to define the above-described motor disturbances of the FOG
population under study.>” Few studies have attempted to
define the FOG types recorded'’; instead, many have catego-
rized the FOG episode according to the precipitant event
rather than its motor manifestations. This lack of specificity in
the description of motor disturbances makes comparison
between studies difficult and tends to create uncertainty of

their interpretations.

FOG Pathology

The overlap between the motor manifestations of FOG and the
underlying pathological abnormalities complicates the interpre-
tation of pathophysiological mechanisms, because FOG is not
specific for PD. The different motor manifestations of FOG are
also seen in Parkinson-related conditions, such as progressive
supranuclear palsy, progressive supranuclear palsy variants, mul-
tiple systems atrophy, and corticobasal degeneration.'''* Higher
level gait disorder can also present with FOG."?

The lack of pathological identification is of most relevance
for publications dealing with deep-brain stimulation surgery of
the pedunculopontine nucleus (PPN). Several publications have
attempted to outline the role of the PPN in FOG,"*'® but the
nature of the underlying pathology of the subjects has not been
identified.

Theories of FOG

Several theories have been put forward to explain FOG but,
again, under its umbrella term. Abnormal gait pattern generation,
presenting as poor control of rhythmicity, impaired bilateral
coordination of stepping, and increased asymmetry, has been
associated with FOG.*? It was hypothesized that FOG occurred
most commonly at gait initiation and on turning, because these
tasks require intact coordination of leg movements.” More
recently, Plotnik and colleagues'® suggested that FOG may pre-
sent when more than 1 gait deficit is present, such as the
sequence effect, asymmetry, and hypokinesia. However, the
concept of leg-to-leg incoordination does not take into account
the fact that none of the experiments that underpinned this
concept controlled for the different background stride lengths
between the control group and the FOG group. Danoudis

et al.?’

showed that, after adjusting for preferred step length,
swing time asymmetry did not differ between individuals with
PD who experienced FOG and those who did not. Similarly,
when participants in these 2 PD groups walked at varying nor-
malized step lengths, their swing time asymmetry did not differ.
In addition, shortening step length was found to increase asym-
metry of swing time in both PD groups and in healthy controls.
These findings suggest that asymmetry measures are an epiphe-

nomena of walking with small steps™

and have no relationship
to motor blocks during walking.

An alternate suggestion has been that FOG occurs because of
a disturbed central drive and disturbed automaticity of gait." This the-
ory is based on the role of the BG in controlling automatic
movements and the presence of FOG with the performance of
a secondary task. It has also been suggested that competing cen-
tral BG connections with higher centers can lead to temporary
interruption of brainstem outputs and thus to FOG." These 2
theories fail to separate the basic deficits of BG malfunction
with cortical compensatory mechanisms.

The mismatch between anticipatory postural adjustments and step
initiation has also been suggested as a reason for FOG.
Although this theory may explain the clinical observation, it
does not explain why there are repeated unsuccessful attempts
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at initiating the right amplitude step (tremor in place) for the
anticipated postural adjustment. Furthermore, although this may
explain initiation deficits to a limited degree, it does not explain
motor blocks during gait.

It has also been argued that perceptual dysfunction may explain
FOG, because visual precipitants commonly lead to motor
blocks during walking.” It has been shown that both healthy
adults and individuals with PD who experience FOG reduce
their stride length when approaching a narrow doorway,
although the perceptual assessment of the doorway was normal
in both groups.?! Again, this idea merely describes the clinical
manifestation without providing an adequate explanation for the
observation.

Frontal executive dysfunction has been described as a common
feature among individuals who have FOG with deficits in
attention, problem solving, and incapacity to set change.?* **
Studies that have examined these attributes have indeed demon-
strated difficulty in cognitive multitasking among individuals
with FOG. Certainly these deficits may be associated with
motor blocks while walking, and they also may contribute to
initiation difficulty in conflict situations, such as crossing a road;
however, the relationship of these deficits to the programmed
stepping mechanisms is not understood or described.

BG Function

To better understand the clinical manifestation of FOG, it is
important to review BG function and malfunction in PD. The
BG, in conjunction with the supplementary motor area (SMA),
runs automatic movements.”>2° Automaticity refers to motor
skills that can be executed without the need to pay attention to
the details of the motor action. The selection of the motor skill
presets the amplitude of the movement, which the BG main-
tains through its interaction with the SMA. This is referred to

« 925,27
as motor set,

or the maintenance of a specified motor
parameter by a characteristic neuronal discharge pattern. In gait,
this parameter is stride length (movement amplitude).®® At a
neuronal level, this is represented as sustained neuronal activity,
which is maintained until the selected motor skill terminates.
The motor plan, once selected and maintained, needs to run
through its subcomponents to completion. Automatic control
requires precise timing from 1 component to the next. This is
achieved by the BG providing a timing cue, which signals the
end of a current submovement that is then used by the SMA to
release the next submovement.”””! These timing cues are phasic
bursts of neuronal discharge generated online while the motor
skill or plan sequence is read out within the SMA. This is a
programming process, and the programming instructions are
relayed to the executive mechanisms to produce the move-
ments. Within the instructions are embodied the amplitude and
timing of the submovements.

In PD, the reduced dopamine in the striatum leads to a mis-
match between the intended amplitude and the performed
amplitude. This mismatch occurs during the BG processing, not
at the cortical control level, which still assumes no mismatch
has occurred.”® Therefore, movements are smaller, and their

amplitude reduction is directly proportional to the amount of
dopamine loss in the striatum.>

In more advanced PD, the capacity to generate phasic neu-
ronal bursts becomes disrupted, leading to uncertain termination
of submovements, with subsequent imprecise duration of the
next submovement, which further impacts on the phasic burst
and the duration of the following submovement. This impreci-
sion compounds down the sequence, resulting in smaller and
smaller submovements, termed the sequence effect.”*

The amplitude mismatch and the sequence eftect are the
characteristics of the motor disturbance in PD and are evident
in all movements, including gait, manipulative tasks, as well as
speech.*? It is interesting that the Movement Disorder Society
Task Force on Clinical Diagnostic Criteria emphasized the same
clinical manifestations for BG malfunction in PD that we used
for this review.”*

In summary, the BG runs automatic movements in conjunc-
tion with the SMA by the provision of motor set and motor
cues. In PD, the motor set is reduced, leading to hypokinesia;
and, in the later stages, the timing cues are corrupted, resulting

in the sequence eftfect.

Central Gait-control
Mechanisms

Central gait-control mechanisms are involved in the program-
ming of gait according to the environmental situation in which
walking takes place. In this regard, it requires flexibility to con-
tinually update the programming through the use of 2 options:
attention and automatic control.”®

Attention control uses several cortical motor areas, including
the premotor area, the cingulate motor area, the dorsal frontal
motor area, and the precuneus.®® It has been demonstrated that
attention to an “‘automatic” motor task in healthy adults does
not change the automatic activity pattern in the striatum but
results in greater activity in the central attentional networks like
the pre-SMA as well as motor cortex regions.>” Attention con-
trol when walking is very dependent on visual information to
guide each step, the amplitude of which can vary according to
the upcoming impediment.

Automatic control uses the BG-SMA interaction, which
translates the intention to walk with a particular speed and
stride length into automation. This programming removes the
need for attention, and walking can proceed without change in
unencumbered environments. In automatic control, there
appears to be a very tight relationship between the stride length
and the associated cadence across all age groups. Support for this
concept comes from correlations between gait parameters and
magnetic resonance imaging-detected white-matter disturbances,
which indicated that only stride length regulation, and not
cadence, was affected by white-matter changes.>’

Innumerable numbers of plans are continuously processed
simultaneously through the BG in its role of automating motor
skills. This represents automatic motor working memory. The
translation of the motor command into gait from either of these
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programming options requires the instruction to be directed to
the brain executive components, which include the mesen-
cephalon and spinal gait-control mechanisms. These include the
cerebellum, midbrain, pons, and spinal cord. The role of these
mechanisms is to maintain the command of the specified step
length, irrespective of unforeseen changes in the environment,
such as walking uphill or against the wind.

In PD, attention to automatic movement results in changes
to the pattern of activity in the striatum, decreased activity in
the SMA, and greater activity in attention areas of the motor
cortex compared with healthy controls.®® This disturbance to
automatic control sees a mismatch between intention and
automation, resulting in a smaller step or stride. The sequence
effect may also manifest. The mismatch is not recognized at the
cortical level, because it is caused by a BG processing deficit
(disturbed internal referencing), and the working motor mem-
ory of the BG shrinks with fewer plans processed through the
BG. The resultant effect is that programming shifts to attention
control.

Although attention can improve 1 or 2 tasks through the dis-
turbed BG, it is not able to normalize movements, because it is
unaware of the existing motor mismatch.>? Furthermore, the
focus of attention control to 1 or 2 motor skills results in deteri-
oration of other skills, which are left to be processed by the dis-
turbed BG. In this context, the variables relate to the amount
of dopamine loss and replacement benefits from medication, so
some movements may be more affected than others.

Step length can be improved by the person concentrating on
their walking, but it deteriorates if a secondary task is per-
formed.”® However, if some visual indication (steps or floor
lines) is available, then the step length will greatly improve,
because the attention control now can use visual information to
control stepping, bypassing the BG-SMA interaction.” Atten-
tion is unable to improve the sequence effect by concentrating
on gait, and medication is similarly unsuccessful.* However,
external visual cues can eliminate the sequence effect, because

: 4
internal BG cues are no longer needed.

Pathophysiology of FOG
Components

We now wish to review the theories on FOG in light of the
information provided above on BG function and gait-control
mechanisms. It is well established that FOG is more prevalent
in severe PD and in PD of longer duration.®” Advanced PD
typically leads to end-of-dose slowing, which is associated with
slower gait and shortened step lengths. Where end-of-dose
slowing is resistant to medication adjustments, shortened step
length may persist for increasingly longer periods throughout
the day. This feature of advanced PD may be a factor in the
increasing incidence of FOG in patients with advanced disease.
The severity and distribution through the striatum of the
levodopa (L-dopa) loss varies and may impact more on 1 move-
ment than another in each individual and across individuals in
the reduction of step length. In severe r-dopa loss, step length

may be extremely small, and the capacity of the BG to provide
appropriate motor set for gait may be quite impaired. In addi-
tion, with more advanced PD, it is more likely that the
sequence effect will be present during gait.*

Advanced PD is also associated with more severe cognitive
deficits, particularly executive dysfunction, and the capacity to
multitask becomes more and more impaired.*” With advanced
disease, dyskinesia becomes more prominent and, when present,
can disrupt attention-control processes, making it difficult to
use attention adequately.”

These developments are at the foundation of FOG: On the 1
hand, there is the physical template of disturbed motor set and
motor cues, which predisposes to FOG; and, on the other,
there is the cognitive status, which fails to compensate for the
physical tendency. This failure in compensation manifests with a
gait of reduced stride length.®® Alterations in either area can
lead to FOG.

Motor blocks during walking have been found to occur only
if the sequence effect is present.*' Whether the block occurs is
very dependent on the background step length. If the back-
ground step length is small enough to approximate the sequence
effect amplitude, then the sequence effect dominates control of
stepping, and the steps become smaller and smaller until a stop
occurs.*’ The decrement with each step in the sequence effect
is usually small, so its relevance only occurs when the step
length is also reduced. Variations occur with the slope of the
sequence effect in individuals and across individuals, so that the
step-to-step decrement can be much greater in some situations
than in others. This variability can lead to motor blocks with
even larger stride lengths. The basis for this variability is cur-
rently unclear. Possible reasons for the variability of the back-
ground stride length are multiple and include disease severity,
wearing-off effects, distracted attention with multitasking, short-
ened attention span, or dementia.

When the sequence eftect controls step length, a step-by-step
reduction in step length occurs, which can terminate in a sud-
den block. In some individuals, this process is associated with
an increasing hastening before the block. The hastening (festina-
tion) may be because of a slightly bigger original step length
that has to fit into an increasingly smaller step. This can only be
achieved by increasing the speed of the step time, which creates
the audible speeding. In part, this explanation may underpin the
accelerometer changes described before a motor block with
instrumented detection techniques.'’

Whereas reduced set and defective timing cues can explain
FOG during walking, they do not provide an explanation for ini-
tiation difficulties. The inability to initiate walking with a speci-
fied step length may be due to the complete absence of motor set
from the BG to the SMA. We previously demonstrated that step
length is coded in the premovement potential (PMP) slope ampli-
tude, as recorded during walking in patients with PD.*® We
observed that a smaller step length was associated with reduced
PMP recorded for the SMA. The implication of this finding is
that an absent PMP would be associated with an absent move-
ment. In fact, patients with PD who had initiation difficulties
demonstrated a disrupted association between step length and the
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PMP.?® It is thus feasible that gait-initiation disturbances are
caused by the inability of the BG to provide the correct back-
ground set to enable automatic initiation of gait.

The capacity of the BG to initiate automatic motor plans
would depend on the correct amount of motor set delivered to
the SMA and the pre-SMA. It is well known clinically that cer-
tain plans are affected more than others.* It is not unexpected
then that the plan for anticipatory postural adjustments may be
initiated, but the plan to initiate step generation with appropriate
set is not activated. This discrepancy may underlie the manifesta-
tion of tremor in place, wherein gait is not initiated but the pos-
tural change has occurred. This combination is associated with
an imminent fall, placing further stress on the initiating step.

The perceptual dystunction theory relates to the precipitant
effects of external visual information, which may precipitate a
FOG event, such as approaching a doorway, with the implication
that the perceptual problem is leading to the FOG episode.
However, it has been shown that the FOG episode is due to the
sequence effect and a reduced background step length. The
reduced step length in this context has been demonstrated in
prior publications and relates rather to the fact that the step length
is maintained at larger amplitude because of the shift to attention
control as individuals concentrate on their walking.?' An
approaching doorway distracts attention, the step length reverts
to uncompensated automatic control, and, as a result, the step
length reduces.®® If the sequence effect is present, then it can lead
to a motor block. In a similar manner, planned turns require a
reduction in the background step length on the second step in
the turn on the order of 30% to enable the turn to occur.™
Again, we have a forcible reduction in the step length and, if the
sequence effect is present, it can lead to a motor block.

Numerous groups using differing techniques have examined the
role of the brainstem locomotor region (BLMR) in medication-
resistant FOG. These techniques have included fMRI, fractional
anisotropy and electrophysiological studies in postoperative

patients, 16-18:4445

Studies using imagined walking have found that
the SMA in patients with FOG can no longer code for step ampli-
tude and that the BLMR is hyperactive.*> Functional anisotropy
suggests a structural attenuation of the BLMR in cortical and brain-
stem regions with a right hemisphere predominance.**

Analyses of gait in the PPN region among stimulated indi-
viduals demonstrate a variable functional benefit, but the infor-
mation suggests that this benefit is via an increase in cadence
without a concomitant increase in stride length.'® Recordings
from PPN neurons demonstrated wide multiple sensory inputs,
including the signaling of an attention-controlled command.'®
By contrast, neurons of the subthalamic nucleus signaled move-
ment-related events.'®

The model of FOG outlined in this report would include the
BLMR as part of the executive structure for gait and, as such, it
would have the capacity to regulate the neurophysiological con-
trol of stepping; but the model indicates that the instructions for
purposeful stepping would come from higher control and that this
would consist of step amplitude and step timing for automatic
control of gait. In attention control, the BLMR may be bypassed,
because cortical attention mechanisms would control each step

separately, and there would be no need to modulate a stepping
center (BLMR) for the performance of a single step. In automatic
control, a decoupling may occur between the BG-SMA and the
BLMR.*® This may manifest as absent disinhibition, with the lost
capacity of the SMA to regulate step length and a resultant
increase in BLMR activity, as demonstrated by Snijders and col-
leagues.*” This would result in low cadence and low-amplitude,
unregulated gait. Whether this is a structural or functional decou-
pling needs to be determined.

It appears that the benefit of PPN stimulation improves only
cadence in a nonspecific manner with variable improvement in
FOG events.'® Interestingly, our own data in higher level gait
disturbance suggest that, in severe disease, stride length becomes
uncoupled with cadence, and cadence can no longer be modu-
lated, being “fixed” at about 100 steps a minute. This is similar
to the poststimulation cadence benefits observed by The-
vathasan and collegues.'®

A more recent theory has suggested that FOG may involve a
fundamental disruption to the brain’s inhibitory control system,
which has been identified as the inferior frontal cortex and the
subthalamic nucleus.*® However, the paradigms used in those
investigations employed an attention task with a high cognitive
load, suggesting that circuitry may not involve automatically
controlled motor skills, such as gait in PD.

In summary, all aspects of FOG can be explained by the mal-
function of motor set and motor cue because of BG malfunc-
tion. In the total absence of motor set, a motor plan cannot be
automatically activated, leading to initiation deficits. Reduced
motor set can initiate and run plans, but at a reduced stride
length. Dysfunction of motor cues leads to the sequence eftect.
The combination of sequence effect and severely reduced step
length can lead to a motor block during gait. Precipitants of
FOG events all impact on the background step length by
diverting attention. It is apparent from the above description
that all theories of FOG can be incorporated under this expla-
nation. “Abnormal gait pattern generation, disturbed central drive, and
disturbed automaticity of gait” encompass the motor set and cue
disturbances. The “mismatch between anticipatory postural adjust-
ments and step initiation” relates to differences in motor set to
motor plan selection and initiation. “Perceptual dysfunction and
frontal executive dysfunction” relate to the capacity of attention
control to compensate for gait deficits consistently and the diffi-
culty attention has in simultaneously controlling multiple aspects
of gait. This deficit in attention control to compensate ade-
quately is not the cause of FOG but, rather, a default situation
in diseased BG-SMA—controlled automatic movement that has

deficiencies in motor set and cue, as previously described.

Pragmatic Approaches to
Management

A review of the literature on interventions for the management
of FOG has been recently published47; and, as such, this section
will focus purely on pragmatic approaches the clinician can use
to facilitate walking in patients with FOG.
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The information provided in the earlier part of this review
on BG function and gait-control mechanisms forms the basis
for therapeutic intervention. Only 1 of the 2 mechanisms for
gait control is impaired in PD, and that is the automatic mecha-
nism because of dopamine loss in the striatum.”?® In PD,
attention tends to predominate the control of gait, but the
capacity to compensate for the defective automatic control is
inadequate. This is because it appears to still use the BG-
mediated output. This is best illustrated by asking patients to
walk faster or slower; it can be done, but it is still inadequate
compared with unaffected individuals.?’ It is only when external
sensory information is available regarding speed or amplitude
that attention has the capacity to restore gait toward normal.*’
This is because attention control then bypasses the BG-SMA
interaction. The best example is the improvement in a reduced
step length with the use of visual ground cues or steps on
stairs.”” Here, the visual information guides the step length, and
the movement is performed normally. This fact forms the basis
of movement strategies that can be developed to normalize all
movements in PD, but particularly gait.** The limiting factor
with the use of attention is that it can only control 1 or 2
motor events at a time and requires constant concentration. In
this regard, it is not a feasible approach in the long term.

Gait-initiation disturbance, as seen in PD, always occurs in
automatic control. If information is provided regarding the
amplitude of the first step, then attention control will be able to
normally initiate the first step. Attention control is not effective
until step size information is provided. This information can be
2 visual cues signaling the correct amplitude, or it can simply
be a verbal prompt that specifies the distance (e.g., “take a 12-
inch [30 cm] step”). Once the person is made aware of the
amplitude, then it does not need to be repeated, and the visual
information is no longer necessary.

Auditory cueing does not use attention control but rather
automatic control via the stride length-cadence relationship.*®
However, we have demonstrated that there is significant vari-
ability in the consistency of eliciting an appropriate step length
for any given cadence, thereby limiting the clinical usefulness of
auditory rhythmic cues in the treatment of FOG.” From a
practical point of view, attentional strategies are immediate and
easier to apply than waiting for cues from auditory devices. In a
similar way, the provision of visual information regarding step
length can restore hypokinetic gait back to normal; and, as long
as the individual concentrates on the specified amplitude, step
length will remain normal until attention is distracted.®” It then
reverts to the mismatched size generated by automatic control.

Medication has a similar effect on restoring automatic motor
set for both gait initiation and hypokinetic gait.>® However, its
capacity to return both to normal may not be as good as atten-
tion.” Both medication and the use of attention fail to normal-
ize the sequence effect, despite the fact that both increase the
background step length.® The only strategy that effectively
climinates the sequence effect is the use of visual floor cues.*
Here, the subject is instructed either to walk over each line or
to use the interline distance as a measure of step size. Whatever
the instruction, each step will be visually controlled by attention

and thus will bypass the defective automatic control. Because a
motor block during walking is caused by a small step length in
conjunction with the sequence effect, increasing the back-
ground step length to normal will eliminate the motor block
completely.*' However, the sequence effect will still be present,
but it is not of sufficient amplitude to cause a motor block. In
this regard, auditory cueing has the capacity to reduce motor
blocks only if the cadence chosen is high enough to increase
the step length outside the sequence effect amplitude range.
Again, clinically, attention is a much more powerful and easily
used strategy that works immediately.

Variations on these strategies can be used to deal with speci-
fic environmental situations.*’ Swivel turns need to be avoided,
because, in automatic mode, the reduced step length invariably
will result in a motor block. Rather, it is best to perform an arc
turn with sustained bigger step length round the turn using
attention control. Crowded environments, such as a shopping
center, require attention control of gait, focusing on a large step
length but with a specific destination within the complex. If the
individual has to stop for whatever reason, it is important to
start again with the appropriate step-length amplitude. Talking
and window-shopping needs to be done while standing or sit-
ting. Home environments need to be de-cluttered to eliminate
obstacles and minimize stops and turns. Walking toward door-
ways needs a shift to attention control, with a specific step-
length amplitude and with focus on the step length and not on
the door surround. Alternatively, the focus on an object in the
room beyond the door can help distract attention enough not
to impair the step length. Ideally all of these scenarios need to
be addressed with each individual and family by skilled allied
health professionals who are experienced in PD and aware of
the background theory described above.

In summary, pragmatic approaches to overcoming FOG phe-
nomena are best achieved clinically with the use of attention
and the provision of visual information regarding correct ampli-
tude or velocity. These strategies are immediately effective, are
not demanding on equipment, and are extremely useful for
short periods. However, long-term management is not currently
feasible, and alternate approaches may need to be used.
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Supporting Information

Three videos accompanying this article are available in the
supporting information here.

Video S1: Freezing of gait manifestations in Parkinson’s
disease. Segment 1: This clip demonstrates most of the compo-
nents associated with freezing of gait (FOG) in Parkinson’s dis-
ease in a patient with advanced disease on oral liquid Sinemet,
which was ceased several hours before the video recording. The
clip demonstrates: (1) the hypokinetic gait with very small back-
ground stride length; (2) the sequence effect; (3) the motor
block during gait, which occurs at the end of the sequence
effect; and (4) the difficulty in gait initiation. Segment 2: This
clip illustrates the same FOG components as in Segment 1,
except for the precipitation of the motor block by the visual

distraction of the narrow doorway. Segment 3: This clip illus-
trates the same FOG components as in the other 2 clips. What
has not been shown is tremor in place and anticipatory postural
adjustments.

Video S2: Gait Freezing Strategies I. Segment 1: All clips in
this video demonstrate the use of attention to bypass the basal
ganglia automatic control of gait. Here, visual cues are used to
indicate step size. Once visual information is available, attention
control can continue to generate the corrected step until atten-
tion is distracted. The arc turn helps maintain the bigger step
length around the turn. Segment 2: Here, visual information is
provided more simply with a hand-illustrated distance. The
same control mechanism is in play here as for Segment 1. Seg-
ment 3: In this clip, the same information is provided to enable
attention to control gait with a bigger step as in Segment 2, but
this time to avoid the motor block in the doorway.

Video S3: Gait Freezing Strategies II. Segment 1: In this
clip, a visual target past the narrow door is used to avoid
distraction of the door and to maintain the background step
size without interruption. Segment 2: This clip illustrates an
attention controlled strategy to initiate walking when stuck

on the doorway.
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