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ABSTRACT: Tourette syndrome (T'S) is a neurodevelopmental motor disorder described as an inability to inhibit unwanted motor movements. This

article reviews research on the execution and inhibition of voluntary motor movements in T'S. Over last two decades, a number of studies have addressed

the structural and functional deficits associated with this syndrome. Only a limited number of studies have assessed the motor skills in these patients but

have failed to reach any conclusive outcome. In the domain of response inhibition also, studies have reported arguable impairments in these patients. It is

suggested that these conflicting results can be attributed to co-occurring comorbid conditions, the constraints posed by variable age groups, lack of control

measures, and lack of specificity of domains addressed. This review will describe a way in which future research can be directed to increase our knowledge

of this otherwise complex spectrum of disorders.
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Introduction
Tourette syndrome (T'S) is a disorder of childhood onset
characterized by chronic motor and phonic tics. Tics are sud-
den, involuntary, recurrent, nonrhythmic motor movements
or vocalizations occurring for a limited duration. Motor tics
can be simple or complex, ranging from repetitive movements
to coordinated action sequences. Verbal tics range from simple
throat clearing to whole phrases, including repeated words
or utterances, producing inappropriate or obscene utterances
(coprolalia). T'S is characterized by multiple motor tics and at
least one vocal tic that persist for at least 1 year. The frequency,
severity, and pattern of these tics often fluctuate over time.
Along with these characteristic tics, TS is often marked by
the presence of a number of co-occurring or comorbid con-
ditions. These comorbid conditions include attention deficit
hyperactivity disorder (ADHD) or obsessive-compulsive
disorder (OCD) and psychopathologies such as depression,
anxiety, and other emotional dysregulations.! The prevalence
estimates of T'S in school-age children range from 1 to 10 per
1000 in the majority of cultures of the world. On account of
the high prevalence rate and the wide spectrum of symptoms,
TS gained momentum in empirical research, which was once
considered to be a rare condition.

The fifth version of the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5), published in May 2013,

classified Tourette’s syndrome as a motor disorder that is listed

in the neurodevelopmental disorder category. Considering
tics as an inability to inhibit unwanted motor movements, the
question arises whether or not the intended voluntary move-
ments are affected in T'S.

The voluntary movements are the organized behavior
responsible for the performance of a purposeful task. The
motor movements reflect the capabilities of the motor sys-
tems to plan, coordinate, execute, and inhibit movements. The
motor areas of the cerebral cortex integrate visual, proprio-
ceptive, and other information to produce elaborate voluntary
movements. Recent imaging studies in T'S implicated struc-
tural and functional changes in different parts of cortico—
striato—thalamocortical (CSTC) neural circuitry, projecting
from diverse cortical areas to the basal ganglia, through the
thalamus, and back to the cortex. Specifically, dysfunctions
involving motor cortical areas are implicated in T'S: for exam-
ple, the heightened activation in premotor cortex and supple-
mentary motor area,”™* which are the key regions involved
in planning and coordinating temporal sequences of action.’
Numerous studies have reported the structural and func-
tional alterations in the motor networks in patients with T'S.
However, only a limited number of studies have assessed the
manifestations of these deficits in the execution or inhibition
of motor movements in this clinical population. The purpose
of this article is to evaluate the current knowledge about the
motor activity in clinical population with T'S.
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The aim of this review is to examine the current litera-
ture on motor activity in patients with TS in order to identify
assessment procedures used to evaluate motor network altera-
tions and to also discuss factors that probably contribute to
the inconsistent findings among patients who suffer from this
complex spectrum of disorder.

Methods

A PubMed literature search was performed of all articles from
the year 1995 onward with the following terms: “motor move-
ments”, “movement inhibition”, and “fine motor movements”.
Inclusion criteria were studies on children and adults with T'S.
The titles and abstracts of all retrieved articles were reviewed,
and papers that did not meet the above-mentioned criterion
were excluded. In addition, a manual search was performed

on the basis of the references found in the articles retrieved
from PubMed.

Assessment Procedure

Each potentially relevant publication was then classified
according to the patient sample, the assessment procedure
used, and its aim. The majority of articles were investiga-
tions on the motor activity, while very few studies explored
the execution of motor movement in terms of fine motor
movements.

Motor Movement Execution

Motor skills are movements and actions of the muscles. Typi-
cally, these are categorized into two groups: gross motor skills
and fine motor skills. Gross motor skills are involved in the
movement and coordination of the arms, legs, and other large
body parts. These participate in actions such as running, crawl-
ing, swimming, etc. Fine motor skills are involved in smaller
movements that occur in the wrists, hands, fingers, feet, and
toes. These participate in smaller actions such as picking up
objects between the thumb and finger, writing carefully,
and even blinking. The successful execution of a movement
involves fine coordination of muscles.

The implication of primary motor structures in recent
neuroimaging studies, along with the feature of tics as motor
symptoms, would suggest that fine motor skills are impaired
in patients with TS.6™8 On the other hand, clinical observa-
tions show that patients are able to suppress their tics dur-
ing tasks requiring a certain degree of focused attention; for
example, tics are often reported to be reduced while playing
sports or music. Patients with TS are found among top ath-
letes, professional piano players, and neurosurgeons. However,
only alimited number of studies have investigated motor skills
in patients with TS. There are eight studies in literature that
directly assessed fine motor movements in this clinical popu-
lation. Some of these studies found evidences of motor skill
weakness and supported the presence of fine motor movement
deficits.”® On the other hand, other studies reported con-
trary results (see Table 1).14716

The contrasting results of these studies can be due to
the variations in the parameters studied. First, these studies
have tried to assess the motor skill deficits using a variety
of behavioral tasks, for instance, Purdue Pegboard, Beery
Visual-Motor Integration (VMI) Test, the Rey—-Oster-
reith Complex Figure Task (RCFT), finger tapping task,
etc. These tasks markedly differ in the cognitive demands,
mechanisms, and psychological processes involved. The
reported inconsistency might also be due to different aspects
of motor performance that was measured in the single stud-
ies, including visuo-motor integration and gross and fine

12 examined gross

motor skills. For example, Nomura et a
motor movements in patients with T'S and reported slow-
ness and clumsiness in movements while performing rapid
alternations between inward and outward rotation of the
arms (known as pronation and supination, respectively).
However, skills needed to perform simple motor speed tasks
seemed to be unimpaired in the patients with T'S.? In addi-
tion, Neuner et al'! reported that fine motor skills in adult
patients were task-dependent and found that steadiness and
visuo-motor integration of fine motor skills but not preci-
sion and speed of movements were altered. Furthermore,
patients with TS were not impaired in the performance of
fast, goal-directed movements. Regarding overall force effi-
ciency, patients with T'S appeared to be superior when com-
pared with matched adults.'®

Interestingly, there is no agreement among studies
relying even on same motor task called the Purdue Peg-
board task that examines movement of hands, fingers,
arms, and fingertip dexterity.”!31%1% Therefore, additional
factors need to be considered for these variant observations.
One possible hypothesis could be the effect of medication
administered to patients, since these medications can influ-
ence the motor circuitry and thus motor movements. For
instance, in the study by Bloch et al,’ one-half of the study
sample was taking psychotropic medications at the time of
neuropsychological testing. Although efforts were made to
discern the effect of medication use, the possibility can-
not be entirely dismissed. The effect of medication in this
sample population can add a variability that is not a char-
acteristic of this syndrome.

Studies often report motor function impairment in indi-
viduals with TS. However, the association of these deficits
with TS versus co-occurring conditions has not been well
understood due to the lack of adequate control conditions.
These comorbid conditions can have differential role in the
motor deficits. Sukhodolsky et al'3 reported deficits in clinical
population with pure TS as compared to the healthy matched
controls; in contrast, in presence of ADHD as a comorbid
condition, these deficits were no more significant than those
of controls, suggesting that ADHD could be a possible com-
pensatory mechanism in children with TS.

Also, neurodevelopment age could be an important reason
for these mutually exclusive results. T'S is a neurodevelopment
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disorder with the most severe period of tic occurring at
10 years of age, followed by a decrease of symptoms. Until
the adulthood, approximately 40% patients eventually become
symptom-free, especially at rest.?’ This suggests that a com-
pensatory or adaptive mechanism in these patients contributes
to their motor alterations. Therefore, the variable sample age
group could be a misleading factor when assessing the fine
motor skills in T'S. The empirical studies have often failed
to control this crucial factor. For instance, Nomura and col-
leagues included a clinical sample ranging from 6 years to
41 years,'? leading to a very heterogeneous sample population.

Motor Inhibition

The ability to inhibit unwanted behavior depending on the
context is crucial for human social life. This includes both
the inhibition of behavior driven by internal motivation in
response to external stimuli and, depending on the context,
the inhibition of planned and already prepared actions. Many
studies have attempted to examine the inhibitory impairments
in TS; however, the underlying mechanisms still remain
unexplored. The presence of inhibitory impairment in patients
with TS is debatable, and several studies have reported vari-
able results (see Table 2).

Out of 25 studies on inhibition in TS, 12 reported the
inhibitory deficits and impaired control of behavioral responses
in different tasks?'™?* and have argued that T'S may be a result
of an inhibitory dysfunction.’® On the contrary, other stud-
ies failed to find behavioral deficits in patients with T'S when
compared to control participants using behavioral inhibi-
tion or motor control tasks.?*2> Moreover, some studies even
reported enhanced inhibitory performance in this clinical
population. For example, patients with TS performed more
accurately and faster than age-matched controls in an oculo-
motor switching task.?¢ Other authors,?” who found evidences
of enhanced control of motor output in T'S, argued that inhibi-
tion is increased, in order to achieve an adequate motor action.
In accordance with these findings, Heise and colleagues®’
discussed increased inhibitory activation as a compensatory
mechanism aimed at downregulating the abnormally high
neuronal excitability.

As discussed above, an important yet understated fact
that underlies the heterogeneity of the results is the type of
task used to tap these inhibitions. Inhibitory processes work at
various levels for a successful execution of a motor behavior and
thus they may be distinguished in various categories.?® Sup-
pressing the internal stimuli could interfere with the current
operations due to resource competition (interference control),
or pre-potent or automatic responses (behavioral inhibition),
or reflexive saccade (oculomotor inhibition). Previous stud-
ies have sought to address the inhibitory control using a vari-
ety of behavioral tasks, for instance the Stroop task, flanker
task,?*? Go-NoGo task,’*3? stop-signal task,** manual
response switching task,?*%’
task.3* These tasks tap very different behavioral “inhibition”

and continuous performance

mechanisms or processes that are impaired in T'S. The stroop
task and flanker’s task are concerned with the executive or
goal-directed inhibitory process that involves active cogni-
tive control of a nontarget competing motor response. On the
other hand, the Go-NoGo and stop-signal paradigm focus on
inhibiting a pre-potent or primary motor response in compli-
ance with changing cues, thus tapping the contextual change
of motor behavior. However, although articles regularly target
inhibition, the relation among the various meanings of inhi-
bition is unclearly articulated.3® The empirical studies lack a
clear-cut discrimination of deficits in one type of inhibition
versus the deficit in another and whether these inhibitory pro-
cesses work in concert or operate separately.

Also, the employed tasks vary in the required cognitive
demands for performing a successful inhibition. Jung et al?®
found that adolescents with TS exhibited enhanced cogni-
tive control of motor output with increasing task difficulty.
Another study,?? which employed a Go-NoGo task requiring
the inhibition of a pre-potent action, reported that inhibitory
control was intact in patients with TS. Though patients with
TS had similar accuracy compared to controls, they responded
significantly more slowly to correct Go trials than the con-
trols. This suggested that patients with T'S develop inhibi-
tory adaptive strategies (overall increase in reaction times) in
order to maintain high performance accuracy. In contrast to
Eichele’s study, in speeded manual inhibition during Simon
task, which induced similar conflict to pre-potent action, a
deficient inhibitory control was reported in adults with T'S.3¢
The speeded response inhibition needing additional cognitive
efforts for performing a task might explain the disagreement
in the results.

However, surprisingly studies using the same task have
little convincing evidences of inhibitory deficits, as these have
produced mixed findings as well. Inhibitory control, when
measured with the Go/NoGo task, was impaired in adults
with TS3237 and the Go/NoGo performance in children with
TS was comparable to that of age-matched peers.®

Variations in studies using same task, for example,
Go/NoGo, could be explained on the basis of the difficulty
level and variation of task. There are differences in the task
specification of the Go/Nogo task applied. For example, in
the task of Ozonoff et al,?® the ratio of Go to NoGo stim-
uli is 50:50, whereas it is 83:17 in that of Hershey et al.” In
Go-NoGo task, participants performed an action for fre-
quent target stimuli (Go stimuli) and inhibited that action
for infrequent nontarget stimuli (NoGo stimuli). If NoGo
stimuli are relatively rare, then novelty effect is induced for
these infrequent trials and this effect cannot be distinguished
from inhibitory requirements.* Hence, it is crucial to have
a rare NoGo stimuli to ensure that responses are pre-potent
and response inhibition is difficult but crucial to control the
effects of stimulus novelty.*® This is even more important in
TS, as patients were found to be impaired on tasks requiring
the processing of novel stimuli.*’
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There are prominent differences in the clinical sample
population of T'S in terms of clinical characteristics and asso-
ciated comorbidities. Studies that reported finding executive
function impairment in individuals with TS often do not
exclude individuals with comorbid conditions such as ADHD
or OCD (comorbidity is estimated to be ~50% and 40%,
respectively). These conditions in absence of tics disorder had
been previously associated with executive dysfunction.?>*
Surprisingly, relatively few studies have directly compared
participants with different comorbid conditions of TS, and
those that have, generally studied comorbid groups rather
than comparing separate groups. One possibility is that some
of the earlier clinical studies reporting negative results could
not control all the comorbid factors because of the difficulty in
recruiting participants with T'S in the absence of comorbidi-
ties. By contrast, among studies carried out on individuals with
“uncomplicated” or “pure” T'S in which these comorbid condi-
tions were excluded, no significant difference in cognitive and
behavioral executive response inhibition between “pure” T'S
groups and matched controls was reported.’%2430 For example,
participants with pure T'S showed no performance deficits on
Go/NoGo,*¥ color-word Stroop, or Flanker tasks.3* Simi-
larly, Ozonoff et al* found normal inhibition effects in chil-
dren with mild TS but impaired inhibition in children with
TS and comorbid ADHD, thus suggesting that ADHD may
contribute to the inhibitory deficits observed in T'S.30:4%:50
Developmental studies have revealed measurable and inter-
esting age-related inhibitory changes. The inhibition process
can be measured from the age of 7 years, although it is less
variable in older children and adults.”* Speed of the inhibitory
processes improves by about 50 ms from the age of ~7 years to
the age of ~9 years, reaching a peak in young adulthood, and
declining only slightly thereafter.? Specifically, the speed of
processing go signal appears to be more strongly related to age
than to the speed of processing the stop signal.?$>? Therefore,
age can play a crucial role in the functioning of these inhibi-
tory processes.

Discussion

This review of the literature has yielded a number of impor-
tant results regarding motor activity in patients with TS.
TS has been linked to cognitive and executive functioning
impairment, but the recent empirical studies could not reach
any conclusive outcome about the nature and course of these
impairments. Inconsistencies are clearly present, which are
attributable to the sensitivity of the task used to measure these
motor processes, age of the patient, and wide spectrum of co-
occurring or comorbid conditions.

'There is a wide range of tasks employed to study the defi-
cits related to T'S. More often, clinical researchers adopt cog-
nitive, psychological models but not always with a very clear
rationale for selecting one paradigm over another. At other
times, a disorder is studied with multiple paradigms, with a
conclusion of a same global deficit. A more careful approach in

defining and exploring the specific inhibitory processes needs
to be adopted. For instance, cognitive and motor inhibition
relies on different neural substates3? and thus would indicate
different domains of deficits.

An important factor to be considered for future research
in TS is the specificity of deficits in patients with pure TS as
opposed to ones with other comorbid conditions.> A more
elaborate role of these confounding comorbid conditions can
lead to a better understanding of this complex syndrome. As
TS-like behaviors involve separate behavioral aspects (phonic
and motor), these may show differential associations with the
sub-types of ADHD, OCS, and response inhibition deficits.
Studies have reported the lack of universality of these deficits.
In order to learn more about T'S, it seems necessary to focus on
patients with pure T'S. However, it is arguable that this may
not be representative of the majority of patients within the
Tourette spectrum. In fact, epidemiological evidence suggests
that “pure” T'S may be the exception rather than the rule.

Moreover, the influences of medication need to be
controlled in these studies. Commonly prescribed drugs,
such as dopamine antagonists and neuroleptics, are known
to alter brain functions. Also, the stimulant medication pre-
scribed to patients reduces the inhibitory deficits by reducing
the time taken in the movement preparation and execution,®
thus adding to the discrepancies in the reported results.
In order to learn about the natural disease state, investiga-
tions of neuronal function in T'S require the study of patients
excluding the effects of medication. This, however, reduces
the feasibility and ethics of the study in clinical settings.
A probable solution forto this problem might be to include
medication-naive patients in order to minimize the influences
of medication, if any.

TS has been described as a neurodevelopmental disorder
occurring during early childhood, peaking its severity around
the age of 9-12 years, followed by a decrease until the adult
age, with approximately 40% eventually becoming symptom-
free.?0 This suggests that compensatory processes occur over
time to cope with the deficits presented by the syndrome.
Thus, the age of the patients could be a sensitive measure in
the outcome of these studies. Further studies should not only
consider age-matched control group but also the homogene-
ity within the group. Thus the homogeneity in the age group
would direct future research toward more reliably studies of
the deficits associated with T'S. Coherently, the male bias in
TS prevalence stimulates the need to consider a developmen-
tal approach in TS. Significant sex differences were observed
while performing task assessing motor skills in children with
TS.1® Imaging studies have revealed sex-based differences
in the thinning of brain regions particularly involved in T'S,
suggesting T'S may have different developmental trajectories
in males and females.** However, the majority of TS studies
tend to include participants without considering the sex dif-
ferences, or opt to include only males. Hence our understand-
ing of T'S may have been substantially biased toward males.
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Additionally, given the normative sex differences in the gen-
eral population,® directly comparing males and females with
TS will be corrupted by potentially normal sex differences.
Hence, it is also important to consider the sex-related behav-
ioral differences and compare how males and females with T'S
differ respectively from the unaffected population.

'There is also a growing body of evidence supporting the
contribution of the psychosocial environment to the onset
and natural course of tics and related symptoms.*® The mixed
results across studies may reflect heterogeneity in neurobio-
logical development or personal experiences among patients
with TS. A naive approach for future research could be to
investigate the association between T'S with parental or close
relationships.

Conclusion

In conclusion, there are many inconsistencies in the present
empirical literature to make final considerations on the volun-
tary motor deficits in the patients with T'S. Further controlled
studies need to be undertaken in order to gain specificity
regarding the unique deficits associated and to generalize
a complex spectrum of disorders like T'S. The neural map-
ping of motor deficits in T'S could help plan efficacious stud-
ies focused on the causal role of these deficits in the disorder.
Such work must address the fundamental issues of specific and
differential aspects of the deficits in TS.
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