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People with Parkinson disease (PD) who show freezing of gait also have dysfunction in
cognitive domains that interact with mobility. Specifically, freezing of gait is associated with
executive dysfunction involving response inhibition, divided attention or switching attention,
and visuospatial function. The neural control impairments leading to freezing of gait have
recently been attributed to higher-level, executive and attentional cortical processes involved
in coordinating posture and gait rather than to lower-level, sensorimotor impairments. To date,
rehabilitation for freezing of gait primarily has focused on compensatory mobility training to
overcome freezing events, such as sensory cueing and voluntary step planning. Recently, a few
interventions have focused on restitutive, rather than compensatory, therapy. Given the
documented impairments in executive function specific to patients with PD who freeze and
increasing evidence of overlap between cognitive and motor function, incorporating cognitive
challenges with mobility training may have important benefits for patients with freezing of gait.
Thus, a novel theoretical framework is proposed for exercise interventions that jointly address
both the specific cognitive and mobility challenges of people with PD who freeze.
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Freezing of gait (FoG) is defined as a
“brief, episodic absence or marked
reduction of forward progression of

the feet despite the intention to
walk.”1(p734) Approximately 26% of peo-
ple with mild Parkinson disease (PD) and
80% of those with severe PD are affected
by FoG, and it is one of the most com-
mon reasons for falls and dependency.2,3

Thus, although it can occur throughout
the course of PD, FoG is more common
in the later stages of the disease. Identi-
fying whether an individual experiences
FoG can be done by: (1) observation dur-
ing tasks that commonly elicit FoG (eg,
turning in place, short rapid steps4,5), (2)
self-report questionnaire,6 or (3) fre-
quency analysis of lower leg trembling
with inertial sensors.7–9 Current thera-
pies for PD, including deep brain stimu-
lation and levodopa, are inadequate for
treating FoG.10 Currently, the most com-
mon rehabilitative approach for helping
patients overcome FoG episodes is to
teach compensatory mechanisms, such
as cueing (for a review, see Heremans et
al11). Even though using external cues
can be beneficial, success relies on
patients having sufficiently preserved
cognitive abilities to consolidate and
retrieve these compensatory strategies.
Furthermore, the benefits of cues may be
transient, as FoG episodes often return
after withdrawal of cues.12 Therefore,
approaches (eg, restitutive rehabilita-
tion) that also target the underlying dys-
function may be more effective than
compensatory strategies alone for reten-
tion of improvements.

Cognitive function—specifically, execu-
tive function and attention—is critical
for mobility, and rehabilitation interven-
tions aimed at improving cognitive func-
tion and movement may be particularly
beneficial for improving mobility.
Indeed, recent work in healthy adults has
shown interventions that incorporate
cognitive and motor tasks to improve
physical and cognitive fall risk factors.13

Integrating cognitive and motor rehabil-
itation may be especially important for
individuals with PD who experience
FoG, as freezing itself may be due to
impaired executive function and atten-
tion.14–16 However, although cognitive-
motor training has begun to be used in
healthy older adults and people with

PD,17–19 no studies have incorporated
FoG-specific cognitive remediation into
mobility training. Given the specific and
pronounced cognitive and mobility pro-
files of individuals with FoG, it may be
useful to develop targeted rehabilitation
strategies to improve functional mobility
in this population.

In this article, we first summarize how
mobility relies on executive, attentional,
and visuospatial function. Then, we dis-
cuss common models of executive dys-
function and how they are impaired in
people with FoG. Finally, we propose a
theoretical framework to incorporate
focused and specific cognitive chal-
lenges into exercise progressions.

Mobility Requires Cognitive
Function
Early investigations suggested that loco-
motion was controlled primarily by cen-
tral pattern generators in the spinal cord
and brain stem. Although these struc-
tures play a critical role in locomotion,
converging evidence from behavioral
and imaging studies shows that higher-
level, cortical structures also are essential
for functional gait (for reviews, see
Yogev-Seligmann et al20 and Takaku-
saki21). For example, intracortical
recording in cats demonstrates the criti-
cal function of the frontal cortex during
gait, particularly during precise step-
ping.22,23 In humans, brain imaging stud-
ies have shown that reduced volume of
prefrontal brain regions (areas that play a
critical role in cognitive function) is
related to reduced gait performance.24

Similarly, transcranial magnetic stimula-
tion over cortical regions, including the
supplementary motor area, can alter
stepping and step initiation.25,26 Further-
more, a number of recent investigations
using mobile brain imaging have shown
considerable activity in prefrontal corti-
cal regions related to executive function
during gait.27,28

The role of cognition in functional mobil-
ity is illustrated by real-world scenarios.
Take, for example, the mental operations
required to successfully cross a busy
intersection. A person must attend to a
number of different, often conflicting,
stimuli, including walk signs and stop
signs, traffic lights, other pedestrians,

and velocities of approaching vehicles.
Success requires not only an ability to
divide attention but also the ability to
effectively focus attention on particular
stimuli while ignoring others. For exam-
ple, a person may have to inhibit a
response, such as obeying the walk sig-
nal, if other important information (eg,
an oncoming car) is present. Attention
needs to be divided or switched
between, on the one hand, the coordina-
tion of balance and gait to step down the
curb, and, on the other hand, the dan-
gers of traffic. Visuospatial function also
is needed to judge the height of the curb
and to estimate time to potential contact
of oncoming vehicles. Cognitive dysfunc-
tion may lead to an inability to appropri-
ately respond to such complex situa-
tions, resulting in decrements in gait
coordination and functional mobility.

Navigating such a scenario is especially
challenging to individuals with PD who
experience FoG. As will be discussed in
the following sections, we believe this
challange is due, in part, to the fact that
people with PD�FoG often have
impaired cognitive function compared
with people with PD but without FoG
(PD�FoG).11 These cognitive deficits are
interrelated with motor deficits and can
lead to reduced functional mobility and
increased freezing events during com-
plex scenarios such as that described
above.

Models of Executive
Function and Attention
In the following sections, we will outline
changes in cognition in people with
PD�FoG and describe a framework for
the incorporation of relevant cognitive
challenges into exercise. For clarity, it
may be helpful to briefly review some
prominent models of executive function
and attention.

Although there are many models of exec-
utive function and attention (for a
review, see Chan et al29), for the pur-
poses of this article, we will summarize
Miyake and colleagues’ model of execu-
tive function,30 Posner and Petersen’s
model of attention,31 and McDowd’s
model of attention.32 Miyake and col-
leagues defined executive function as
“general purpose control mechanisms
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that modulate the operations of various
subprocesses and thereby regulate the
dynamics of human cognition.”30(p50)

Miyake’s model describes 3 primary
domains of executive function: shifting
(shifting back and forth among multiple
tasks, operations, or mental sets), inhibi-
tion (deliberately inhibiting dominant,
automatic, or prepotent responses when
appropriate), and updating (updating
and monitoring working memory repre-
sentations). With respect to attention,
we draw upon 2 prominent models
described by McDowd32 and Posner and
Petersen.31 McDowd suggested that
attention can be parsed into 4 partially
overlapping components: divided,
switching, sustained, and selective.32

These components, described in detail
below, overlap with some components
of Miyake and colleagues’ model of exec-
utive function (Fig. 1). They also overlap
with Posner and Petersen’s model of
attention,31 which suggests that atten-
tion is related to 3 “attentional networks”
(executive control, orienting, and alert-
ing). These networks can be assessed by
the Attention Network Test (ANT).33 The
executive control network, defined as
resolving conflict among responses, is
assessed by the Eriksen flanker test
embedded in the ANT. Alerting, defined

as achieving and maintaining an alert
state, and orienting, defined as selection
of information from sensory input, are
assessed by changes in reaction times in
the presence or absence of cues placed
above and below the flankers stimuli.33

Although there is no consensus regard-
ing the independence or overlap of the
cognitive domains described above, it is
clear that these models are not fully dis-
tinct from one another. Indeed, the same
cognitive test is often used to assess
domains described by different models.
For example, the flankers task can be
used to assess domains of all 3 models:
the executive control component of
attention, defined by Posner and
Petersen31; selective attention, defined
by McDowd32; and inhibition, defined by
Miyake and colleagues.30 Similarly, cog-
nitive tasks that measure the ability to
shift focus (eg, the Trail Making Test,
which involves drawing a path between
alternating letters and numbers) have
been used to measure the shifting com-
ponent of executive function, as defined
by Miyake and colleagues, as well as
attentional switching, as defined by
McDowd. Such overlap demonstrates the
commonality of some domains described

by these models. In Figure 1, we lay out
the domains of each model, with similar
domains from each model grouped
together to illustrate the similar and dis-
tinct components of these common
models.

Also discussed in our framework,
although not included in Figure 1, is
visuospatial function. Visuospatial func-
tion consists of several components,
including, but not limited to, visuoper-
ceptual abilities (ie, identification of a
stimulus, its orientation, and its location)
and visuoconstructional abilities (ie,
organization and manipulation of spatial
information to make a design).34–36

Visuospatial function is often considered
somewhat distinct from executive func-
tion and attention. However, as
described below, some tests designed to
assess visuospatial functions do tap into
domains of both executive function and
attention.

Altered Cognition Affects
Mobility in Patients With
PD Who Freeze
Individuals with PD often exhibit altered
cognition compared with healthy
adults.37,38 However, people with

Figure 1.
Overlap across models of executive function30 and attention.31,32 Domains within each model are grouped to show similarity among models
(eg, inhibition, executive control, and selective attention). The domains in the shaded red box (broadly: inhibition and divided/switching
attention) are most commonly dysfunctional in people with Parkinson disease (PD) who freeze. Dysfunction of these domains can lead to
changes in functional mobility and falls in this population.
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PD�FoG often exhibit even more pro-
nounced cognitive dysfunction than
those who do not experience FoG. In
particular, FoG is associated with
deficits in attention, especially divided
attention and attentional switching39–44;
executive function, especially shifting
and inhibition15,45–48; and visuospatial
function.34,46,49–51 In the following sec-
tion, we provide a brief review describ-
ing evidence of cognitive deficits in peo-
ple with PD�FoG and discuss how these
deficits may lead to FoG events. Then,
we suggest ways in which executive and
attention function deficits may be related
to motor dysfunction. Table 1 outlines
and describes some neuropsychological
tests commonly used to probe these cog-
nitive domains.

Attention
Divided attention is the ability to com-
plete 2 different attention-demanding
tasks at the same time. In physical ther-
apy, this ability is commonly tested by
having patients complete a secondary
cognitive task (ie, dual task [DT]) during
stance or gait and measuring decrements
in performance of each task during DT
performance compared with when it is
performed alone. This DT analysis allows
clinicians to quantify the cost to mobility
of adding a secondary task and to deter-
mine whether a person prioritizes mobil-
ity over the cognitive task. Analysis of
prioritization of tasks is particularly
important for people with PD. Previous
studies have shown that people with PD
may prioritize the secondary cognitive
task over mobility, a “posture-second”
strategy,52 although recent work sug-
gests this strategy may not be a consis-
tent feature of DT performance in people
with PD.53 If utilized, a posture-second
strategy could result in disproportionate
posture and gait dysfunction in DT situ-
ations. Interestingly, individuals who
experience freezing may exhibit even
more pronounced “posture-second”
prioritization than people with
PD�FoG.39,42,44

Gait characteristics during DT walking
are more affected in people with
PD�FoG than in people with
PD�FoG,39,42,44 and the changes in gait
while dual tasking may have a causal role
in FoG. Indeed, gait variables affected by

DT walking (eg, smaller step length,
increased variability) have been linked to
FoG,54,55 and recent work suggests that
there may be a threshold of gait dysfunc-
tion beyond which freezing occurs.55–57

Thus, the reduced gait function during
DT walking may bring people with
PD�FoG closer to this hypothetical
threshold, increasing the chances of a
freezing event.54,57 In addition, prioriti-
zation of cognitive tasks over gait tasks in
conjunction with already reduced cogni-
tive resources may further increase the
risk of freezing. Importantly, previous
reports have shown that people with PD
show benefits in DT walking with prac-
tice.41,42 However, DT training has not
been carried out explicitly on people
PD�FoG; therefore, the degree to which
freezing is reduced from these exercises
is not known.

Attention switching refers to alternation
of the focus of attention between 2 dif-
ferent tasks or sources of information.32

As noted above, “attention switching”
is similar to the “shifting” domain
described in Miyake and colleagues’
model of executive function.30 These
domains are commonly assessed with
the Trail Making Test,58 the plus-minus
task,59 and the shifting task.60 The ability
to switch or shift attention has been
shown to be associated with clinical
severity of freezing and is worse in peo-
ple with PD�FoG,40,41,43,61 although a
recent report showed no differences in
switching ability between people with
PD�FoG and those with PD�FoG.45

Smulders and colleagues62 showed that
shifting between lower extremity motor
tasks (stepping forward and backward)
resulted in larger delays in people who
freeze than in people with PD�FoG, sug-
gesting that switching deficits may con-
tribute to the occurrence of FoG. Mobil-
ity in complex environments requires
constantly switching attention among
posture, locomotion, and surrounding
sensory input. In people with PD�FoG,
the inability to quickly and effectively
switch attention during walking, turning,
or initiating gait, particularly when com-
pleting secondary tasks, such as convers-
ing with a friend, may contribute to
freezing episodes and falls. Training that
incorporates switching attentional focus
improves retention of DT training bene-

fits in healthy elderly people63 and may
lead to improvements in DT gait in peo-
ple with PD64,65 (for a review, see Kelly
et al66). To our knowledge, no reports
have investigated the effects of training
attention switching on postural or loco-
motor control in people with PD�FoG.
However, given the promising prior
results and the attention switching dys-
function observed with FoG, incorporat-
ing this type of training into exercise for
people with PD�FoG may improve their
mobility during complex gait and pos-
ture tasks.

Sustained attention refers to the ability
to maintain attention to a task over pro-
longed periods. This domain of attention
has not been thoroughly investigated
with respect to FoG. However, one
recent study45 showed that performance
on Mackworth’s sustained attention
task67 was similar between people with
PD�FoG and those with PD�FoG.

Selective attention is the ability to inten-
tionally focus attention on one source of
information while excluding irrelevant
information. As noted above, this domain
shares some similarity to the inhibition
domain of executive function (described
by Miyake et al30) and the inhibition
domain of executive control (described
by Posner and Petersen31). These
domains are commonly assessed with
the flankers task,68 in which an individ-
ual must discern the direction an arrow
is pointing while ignoring the directions
of the flanking arrows. Two recent inves-
tigations compared selective attention in
people with PD�FoG and people with
PD�FoG using the ANT,33 which has a
flankers task embedded in it.47,48 The
results showed that people with
PD�FoG performed worse on the flank-
ers portion of the ANT, suggesting that
selective attention may be worse in peo-
ple with PD�FoG than in those with
PD�FoG. Other components of atten-
tion defined by Posner and Petersen,
namely the orienting and alerting net-
works of attention, were not affected by
freezing status. Clearly, the flankers task
may call on a number of cognitive func-
tions other than selective attention,
including inhibition of unwanted
responses. Furthermore, a study that
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examined performance on the flankers
task outside of the context of the ANT
did not demonstrate a difference in per-
formance between people with PD�FoG

and those with PD�FoG.45 Although
these results suggest altered attention in
people with PD�FoG, additional work is
necessary to understand the selective or

sustained attention deficits in this
population.

Table 1.
Common Examinations to Assess Domains of Executive Function, Attention, and Visuospatial Function

Measure Domain Test Description

Executive function Inhibition Go–no-go task Participants are shown a series of letters and asked to respond quickly to
some stimuli while withholding responses to other stimuli. A simple
reaction time task is used for comparison.

Stimulus-response compatibility69 Participants are shown a series of arrows pointing to the left or the right
and instruction of “same” or “opposite.” In “same” trials, participants
respond with the index finger indicated by the direction of the arrow.
Conversely, in “opposite” trials, participants respond with the index
finger that opposes the direction indicated by the arrow.

Stroop task71 Participants are presented with lists of words written in colored ink,
quickly naming the ink color and ignoring the word. As control
conditions, participants read a list of words in black ink and name the
colors of a series of colored blocks.

Flanker task68 Participants identify the direction of an arrow that is flanked by arrows
in the same (congruent) or opposite (incongruent) direction.

Stop signal task70 Participants press a button as quickly as possible to a visual cue, unless
an auditory “stop” cue precedes the visual cue, in which case the
response is to be inhibited.

Attention Divided Dual-task walking Participants walk while completing a secondary cognitive task, such as
arithmetic, phonetic naming, or conversation.

Switching Trail Making Test58 Participants are shown a screen with circles containing numbers and
letters. The participants connect circles in ascending order,
alternating between numbers and letters. As a control condition,
participants connect circles with numbers only.

Shifting task60 Participants match a stimulus on the top of the screen to 1 of 2 stimuli
in the lower corners of the screen. The top stimulus is a triangle or
square that is either blue or red. The bottom stimuli are a red square
(left) and a blue triangle (right). In task-homogeneous blocks,
participants perform either task A (eg, matching shapes) or task B
(eg, matching colors). In task-heterogeneous blocks, participants
alternate between the 2 tasks.

Plus-minus task59 Participants perform quick and alternating addition and subtraction
problems. As a control condition, they complete blocks of addition
and subtraction separately.

Sustained Mackworth’s sustained attention
task67

Participants are shown a screen with a circle made up of small circles.
One of these smaller circles turns red, and then another, moving
clockwise around the larger circle. Participants respond whenever one
of the small circles is skipped.

Selective Flanker task Participants identify the direction of an arrow that is flanked by arrows
in the same (congruent) or opposite (incongruent) direction.

Visuospatial function Matrix reasoning task81 Participants are presented with incomplete matrices, each of which is a
series of abstract patterns and designs. The participants must choose
the pattern that best completes the matrix.

Block design task81 Participants organize blocks with varying shapes and colors into specific
designs.

Judgment of line orientation task79 Participants visually match angled line pairs to 11 numbered radii
forming a semicircle.

Rey-Osterrieth complex figure task80 Participants reproduce a complex figure. This test also includes
immediate and delayed recall, where the participants reproduce the
figure from memory immediately and after 20–30 min.

Clock drawing task82 Participants are asked to draw in the numbers of a clock within a
10.16-cm (4-in) circle, then set the clock to 10 min past 11 o’clock.
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Executive Function
Of the 3 domains of executive function
described by Miyake et al30 (ie, shifting,
inhibition, and updating), shifting and
inhibition are most consistently altered
in people with PD�FoG.

Shifting (shifting back and forth between
multiple tasks, operations, or mental
sets) shares considerable overlap with
the attention domain described in detail
in the Attention section.

Inhibition (commonly assessed via the
go–no-go task, various stimulus-response
compatibility tasks,69 stop signal task,70

flanker task,68 and Stroop task71) is con-
sistently affected in people with
PD�FoG.15,45,47,48,51 For example,
Cohen and colleagues45 showed that per-
formance on a go–no-go task was worse
in people with PD�FoG than in those
with PD�FoG. Furthermore, both false
alarms and misses in the go–no-go task
were associated with severity of
physician-rated FoG, illustrating diffi-
culty both with inhibiting responses and
with allowing responses to proceed after
inhibition.45 Performance on the Stroop
task has also been related to FoG, as
people with PD�FoG performed worse
than those with PD�FoG.15,45 Further-
more, people with PD�FoG demon-
strate faster decline in Stroop perfor-
mance over time than those with
PD�FoG.14 Fling and colleagues72 also
showed that performance deficits on the
Stroop task in people with PD�FoG
were correlated with asymmetry of
white matter tracts between deep brain
(pedunculopontine nucleus) and cortical
(supplementary motor area) locomotor
regions. A recent report by Matar and
colleagues46 provides an additional link
between performance in Stroop-like
tasks and freezing events. Using virtual
reality, researchers assessed step latency,
a measure directly related to FoG, in peo-
ple with PD�FoG and people with
PD�FoG after conflicting stimuli in a
Stroop-like task. The results showed that
conflicting Stroop-like stimuli increased
step latency more in people with FoG
than in those without FoG.46 Applied to
real-world environments, a reduced abil-
ity to interpret conflicting sensory input,
inhibit inappropriate responses, and
allow appropriate responses during gait

could delay stepping, leading to freezing
and falls.

Previous work from our laboratory sug-
gests that freezing may be directly
related to alterations in inhibition and
release of motor programs. Jacobs and
colleagues73 found that the coupling of a
weight shift (or anticipatory postural
response [APA]) with a step was altered
in individuals with PD�FoG. Further-
more, the 4- to 6-Hz trembling of the
knees often observed during a freezing
event prior to step initiation may repre-
sent multiple unwanted APAs. This
potential inability to couple the APA to
the stepping motor program may be
related to cognitive dysfunction, as
noted above. For example, dysfunctional
response inhibition could be related to
an inability to effectively inhibit
unwanted movements (extra APAs) or to
release wanted (stepping) movements.
Recent neuroimaging results provide fur-
ther evidence suggesting a link between
freezing and inhibition. Fling and col-
leagues showed that freezers exhibit
altered functional connectivity in the
hyperdirect pathway between the sub-
thalamic nucleus and supplementary
motor area,74 regions known to play
important roles in inhibition.75 Together,
these results suggest that the same neural
circuits may be involved in both motor
and cognitive inhibition and that they
may be altered in people with PD�FoG.
These results also are partially consistent
with the suggestion by Vandenbossche
and colleagues that alterations in inhibi-

tion and release of movements may
reflect, in part, impaired movement auto-
maticity in people with PD�FoG.48,76

This idea is consistent with previous
observations that suggest automatic
movement is altered in people with
PD�FoG (for a review, see Nutt et al10).
Importantly, recent research shows that
inhibitory control can be improved with
training in healthy adults.77,78 These
improvements have not yet been repli-
cated in people with PD; however, given
the dysfunction observed in this domain,
research investigating improvement in
inhibition with training in PD is
warranted.

Visuospatial Function
Visuospatial function can be assessed
with a number of tests, including the
judgment of line orientation task,79 the
Rey-Osterrieth Complex Figure Test,80

the matrix reasoning task,81 the block
design task,81 or the clock drawing test82

(Tab. 1). Previous reports suggest that
individuals with PD exhibit visuospatial
deficits and that these deficits relate to
difficulties in everyday life.83 Two recent
investigations have directly compared
visuospatial function specifically in peo-
ple with PD�FoG. Nantel and col-
leagues51 showed that people with
PD�FoG scored worse than those with
PD�FoG on matrix reasoning and block
design tasks, and scores on these tasks
were correlated to FoG severity. Lord
and colleagues34 also showed dysfunc-
tion of visuospatial function in people
with PD�FoG, as this population took

Table 2.
Examples of Cognitive Domains Associated With Freezing and Exercises That Challenge
These Deficits

Cognitive Domains Cognitive Tests Integration Into Exercise

Attention

Divided Dual tasks Dual-task walking/agility course

Shifting Shifting task
Trail Making Test

Shifting focus between tasks
Trail Making Test walking task97

Selective Flanker task Visual/auditory cue conflict

Executive function

Inhibition Go–no-go task Go–no-go punching

Stimulus-response compatibility “Left” punch at “right” cue

Stop signal task Stop signal punching

Flanker task Visual/auditory cue conflict

Stroop task Stroop walking task100
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longer to match angles presented on a
screen (a task similar to the judgment of
line orientation task) compared with
people with PD�FoG. In partial support
of these findings, a recent resting state
functional connectivity assessment dem-
onstrated that visual networks may be
altered in people with PD�FoG in com-
parison with people with PD�FoG.84 It
should be noted, however, that as with
many executive function tests, complex
visuospatial tasks such as the matrix rea-
soning and block design tasks incorpo-
rate a number of cognitive functions,
including visuoconstructional abilities
and nonverbal problem solving,36 which
could confound conclusions specific to
visuospatial function.

Adding to these findings, 2 recent inves-
tigations showed that walking through
doorways is particularly problematic for
people with PD�FoG,49,50 suggesting
that altered visuospatial function may
contribute to freezing in this scenario.
Similarly, Matar and colleagues showed
that, while moving through a virtual real-
ity environment with wide, narrow, and
sliding doorways, individuals with
PD�FoG exhibited larger delays in step-
ping during narrow and sliding door con-
ditions.46 Interestingly, follow-up studies
showed that people with PD�FoG are
able to effectively predict door size.50,85

However, they do not correctly predict
how their gait will be influenced by the
narrowness.85 Thus, it is possible that
freezing while approaching or moving
through doorways could be related to
the integration of visuospatial informa-
tion. Alternatively, moving through door-
ways adds an additional distracting task
that could contribute to freezing, as
noted above. Clearly, additional research
is necessary to better understand the spe-
cific visuospatial dysfunction associated
with FoG and whether this dysfunction
plays a causal role in FoG.

Overall, the data summarized above sug-
gest that the most prominent cognitive
dysfunctions exhibited by people with
PD�FoG are divided attention, attention
switching or shifting, inhibitory control,
and visuospatial function. Given the
emerging evidence of the relationship
between cognition and mobility, improv-
ing cognition could reduce freezing and

improving mobility in people with
PD�FoG. Indeed, recent evidence sug-
gests that improving cognition with
training may improve mobility in healthy
older adults86 and individuals with PD.87

Additional studies have shown that train-
ing incorporating both cognitive and
motor components also may be effective
at improving cognition in healthy indi-
viduals88 (for a review, see Schoene et
al13) and people with PD.19 However,
considerably less research has focused
on the effects of cognitive or motor pro-
grams on people with PD�FoG,89 and it
is unknown whether this population will
benefit from such an intervention. Given
the fact that people with PD�FoG typi-
cally exhibit more pronounced cognitive
dysfunction than those with PD�FoG,
this cognitive dysfunction could impede
mobility and cognitive benefits to train-
ing people with PD�FoG. A recent
Cochrane review,90 however, suggests
that even individuals with nonparkinso-
nian dementia may improve cognitive
function through exercise. Thus, it is
unlikely that cognitive dysfunction alone
in people with PD�FoG would abolish
the ability to improve cognitive ability
through cognitive or mobility training.

Combining Cognitive and
Exercise Training for People
With PD Who Freeze
In clinical practice, cognitive training is
typically carried out separately from
mobility training. This model can clearly
be effective for people with PD87,91 (for
reviews, see Heremans et al,11 Walton et
al,89 Calleo et al,92 and Segev-Jacubovski
et al93). The improvements in function
include reductions in FoG severity, as
recent investigations have demonstrated
improvements in FoG after mobility or
cueing interventions.11,94 However,
given the evidence of overlap between
cognition and mobility, training cogni-
tive and mobility together (rather than
separately) may enhance gains of each
area, increasing global function in peo-
ple with FoG. Although people with
PD�FoG exhibit clear overlap between
cognitive and motor deficits (eg,
increased FoG episodes with stress),
research to date has not focused on the
integration of freezing-specific motor
and cognitive therapies for this popula-
tion. Given previous literature demon-

strating how interventions that incorpo-
rate cognition and motor tasks can
improve function in healthy adults and
people with PD�FoG13,17–19,64,86,88,95

(for a review, see Wollesen and Voelcker-
Rehage96), research investigating the
effects of targeted cognitive and motor
interventions on FoG severity is war-
ranted. Thus, in the following section,
we provide examples of exercises that
integrate cognitive and motor compo-
nents. As the previous sections have pro-
vided a rationale for the integration of
cognition and motor training, the follow-
ing examples are meant to provide a
starting point for evaluation of such tar-
geted cognition-mobility training in peo-
ple with PD�FoG and have not yet been
tested.

Integrating FoG-Specific
Cognitive Training With
Mobility Training
Table 2 lists some of the cognitive
domains we suggest as targets for reha-
bilitation for FoG, as well as examples of
tasks that integrate these domains into
exercise.

Attention (Divided Attention and
Attention Switching)
Attentional control can be integrated
into exercise by instructing patients to
carry out a secondary cognitive task (eg,
arithmetic, phonetic/categorical naming,
conversations) while exercising. Many
physical therapists already incorporate
DT elements into gait training to assess
attention or to increase difficulty of gait
tasks, and recent reports have demon-
strated that DT practice may improve DT
ability.64,86,95 However, despite the fact
that the ability to divide attention is
particularly altered in people with
PD�FoG, the effect of DT practice on
this population is not well characterized.

The ability to switch attention also is
likely altered in people with PD�FoG,
and recent work has demonstrated the
feasibility of integrating attentional
switching tasks into walking (Fig. 2A).
For example, Perrochon and Kemoun97

used a Trail Making Test walking task to
differentiate healthy older adults from
those with mild cognitive impairment. In
this task, participants walked along a mat
with numbers and letters. Similarly to the
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traditional paper-and-pencil Trail Making
Test, participants stepped on alternating
and ascending letters and numbers
(eg, 1-A-2-B . . .).97 Shifting also can be
integrated into nongait exercises. Well-
established tests to challenge shifting
ability, such as the shifting task,60 can be
integrated into upper or lower limb
movements.

Boxing and agility courses also provide
opportunities to incorporate dual tasking
into exercise. During boxing, the trainer
can cue punches verbally (saying “left
arm” or “right arm”) and visually (moving
the target to the left or right). With mul-
tiple cueing modalities, the patient is
forced to switch attention between
visual and auditory cues, prioritizing one

over the other as instructed. Thus,
through the application of multiple cues
during mobility tasks, patients can prac-
tice divided attention and switching
attention between cues (Fig. 2A). As will
be discussed later, this paradigm also
allows practice responding to conflicting
cues and practice inhibiting prepotent
responses (Fig. 2B). Agility courses also
can integrate DT practice. Such courses
integrate obstacles associated with FoG
(eg, doorways, turning, tight spaces,
backward walking, stepping over obsta-
cles, change in surface)98,99 or secondary
cognitive tasks, forcing practice with
divided attention. Furthermore, the
patient can be instructed to switch focus
between primary (locomotion) and sec-
ondary (cognitive or motor secondary)
tasks to practice switching task and
attention priorities. In this way, patients
receive practice with divided attention,
switching attention, and integration of
internal and external cues.

Inhibition
Inhibition tasks also can be integrated
into motor training (see Tab. 2 for exam-
ples). Exercises such as boxing and
lunges are particularly well suited to
incorporate these challenges while main-
taining a level of aerobic challenge.
Aspects of go–no-go, stimulus-response
compatibility, stop signal, flankers, and
Stroop tasks can all be incorporated into
these mobility exercises. For example,
during a partnered boxing station, par-
ticipants can be instructed to punch or
step as quickly as possible in response to
certain stimuli (given by instructor)
while ignoring other stimuli (analogous
to the go–no-go task). Participants also
can be instructed to punch with the
opposite arm as what is cued (ie,
“right”�punch with left arm), thereby
forcing participants to inhibit prepotent
responses and resolve stimulus-response
compatibility. As noted above, partnered
boxing can integrate multiple cueing
modalities (eg, visual, auditory). In addi-
tion to allowing the patient to practice
switching attention between cues, these
cues provide practice with inhibition
tasks. For example, the trainer can pro-
vide conflicting information by verbally
cueing the participant to punch with the
left hand while visually cueing a punch
with the right hand by moving the right

Figure 2.
(A) Example of task prioritization during agility training. The patient completes a secondary
cognitive task during agility training and is instructed to switch prioritization between the
mobility/stepping component (left) and the cognitive component (right). (B) Example of
visual-auditory cue conflict during boxing. Simultaneously, the instructor visually cues for a
left punch and verbally cues for a right punch. For this trial, the patient is instructed to
respond to the visual cue only and ignore the auditory cue.
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target (Fig. 2B). This approach provides
conflicting stimuli that the patient must
decipher, as in a Simon, flankers, or
Stroop task, requiring inhibition of inap-
propriate responses. Similarly, stop sig-
nal tasks can easily be incorporated: after
the instructor cues a movement, he or
she may occasionally give a stop signal,
forcing inhibition of movement.

Finally, tasks related to response inhibi-
tion can be integrated into walking, such
as a Stroop walking task.100 In this task,
participants walk on a mat with different
words (eg, “RED,” “BLUE,” “YELLOW”)
printed in different colors. Participants
hear color word cues, and, depending on
the condition, they step either on a
printed version of the word they heard
or on a word that is printed in the same
color ink as the word they heard. Partic-
ipants can also practice doing the Stroop
task mounted on a large board while they
practice lunging in various directions.

Visuospatial Function
A common functional outcome of visuo-
spatial dysfunction in people with
PD�FoG is a change in gait when
approaching doorways or walking sur-
face transitions. Thus, incorporating
such obstacles (eg, doorways of varying
widths, obstacles) into training courses
can provide individuals practice with
these challenges. Previous investigations
provide support for such an approach.
Plotnik et al98 showed that obstacle-
based training that incorporated narrow
passages led to improvements in FoG.
Although this intervention incorporates
a number of approaches, including cue-
ing before and after FoG-provoking
obstacles, it provides some evidence that
practicing gait through obstacles, includ-
ing doorways, may be beneficial in
reducing FoG. A recent study also
showed that gait in patients with PD can
be improved by treadmill training walk-
ing over a virtual obstacle with visual
feedback of foot trajectories.101 Provid-
ing additional visual information about
body motion in relation to environmen-
tal obstacles may allow compensatory
mechanisms to control locomotion or
may be restitutive.

Challenges in FoG Rehabilitation
Cognitive dysfunction in people with PD
in general, and in people with PD�FoG
specifically, can create challenges to
rehabilitation. Some previous interven-
tions aimed to improve FoG use compen-
satory strategies, such as providing exter-
nal cues to trigger and guide movement
and encouraging altered allocation of
attention (ie, task prioritization).102

Although this type of compensatory
training often improves FoG11,98 the cog-
nitive dysfunction often observed in indi-
viduals with PD�FoG may limit their
ability to deploy such strategies in daily
life. Indeed, recent results suggest that,
when cues are removed, people with
PD�FoG revert to dysfunctional move-
ment more than people with
PD�FoG.12,103 Alternatively, attempts to
improve the underlying dysfunction (ie,
restitutive rehabilitation) may be able to
reduce the cognitive limitations of this
population. For example, training indi-
viduals to take larger, more consistent
steps (eg, through treadmill walking)
may partially circumvent attentional cues
such as lines (visual) or tones (auditory).
However, this approach relies, in part,
on implicit motor learning, which has
been shown to be deficient in people
with PD�FoG.104 Due to the drawbacks
of both treatment approaches, we
believe that incorporating both restitu-
tive and compensatory approaches will
provide the greatest chance of cognitive-
motor improvements. Therefore, we
have incorporated each of these
approaches into the current framework.

Cognitive dysfunction can create specific
challenges for application of therapeutic
approaches. For example, DT walking is
challenging for people with PD, and too
much cognitive challenge may lead to
breakdown of gait and FoG. Thus, ther-
apy must be tailored to the individual to
find the level of dual tasking that chal-
lenges the system but does not fully over-
load it. Indeed, further research on ways
to quickly indicate or contraindicate dif-
ferent cognitive approaches is necessary.
Dual-task training also may increase risk
of falls during training. However, despite
these concerns, the use of DT training
appears to be beneficial in people with
PD and, given appropriate assessment

and safety assessments, can be used
effectively.105

A third challenge to rehabilitation is the
possible effect of levodopa on cognition.
A number of recent studies suggest that
levodopa, the most common pharmaco-
logical therapy for PD, may have nega-
tive effects on specific cognitive tasks.
These effects are thought to be most pro-
nounced in the early stages of PD and
may result from “overdosing” the ventral
striatum with dopamine.106–108 This
hypothesized overdosing of the ventral
striatum may impede certain types of
probabilistic reversal learning and, par-
ticularly important for rehabilitation,
motor learning. Some investigations
suggest that upper extremity motor
learning may be subtly inhibited by
levodopa.109,110 Although recent studies
have not confirmed these findings
in postural motor learning,111,112 addi-
tional research will be necessary to iden-
tify the effect of levodopa on
neurorehabilitation.

Although a number of barriers exist for
efficient treatment of FoG, it is important
to keep in mind that despite the cogni-
tive deficits and incomplete recovery
noted above, individuals with PD�FoG
can improve FoG symptoms through
training.11,94 Thus, improvements can be
made to rehabilitation for people with
PD�FoG, and there is strong evidence
that such efforts can have important pos-
itive effects on mobility and quality of life
in this population.

Summary and Conclusions
Given the immense burden of FoG and
cognitive deficits on quality of life, reha-
bilitation strategies should be designed
based on current evidence to provide
maximum benefit to both domains to
patients with PD. Previous investigations
have provided evidence that cognitive
and mobility training are each separately
beneficial in PD. We propose that FoG-
specific cognitive training integrated
with mobility training may enhance the
benefits of both types of training in peo-
ple with PD�FoG. However, this
approach has not yet been investigated
as an intervention targeting FoG. Thus,
we have developed a framework for inte-
grating cognitive-motor training for peo-
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ple who experience FoG and provided
specific examples of exercises that inte-
grate cognitive and motor challenges.
Future research should assess the effec-
tiveness of such a program on cognitive
and mobility function in people with PD
who freeze.
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