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Abstract

Background Tics and stereotypies are childhood-onset repetitive behaviours that can pose significant diagnostic challenges
in clinical practice. Both tics and stereotypies are characterised by a complex co-morbidity profile, however little is known
about the co-occurrence of these hyperkinetic disorders in the same patient population.

Objective This review aimed to assess the relationship between tics and stereotypies when these conditions present in
co-morbidity.

Methods We conducted a systematic literature review of original studies on co-morbid tics and stereotypies, according to
the standards outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Results Our literature search identified six studies of suitable sample size (n >40) presenting data on the association between
tics and stereotypies in otherwise typically developing patients. A considerable proportion (23%) of patients diagnosed with
stereotypic movement disorder present with co-morbid tics (range 18-43%). Likewise, the prevalence of primary stereotypies
is increased in patients with tic disorders such as Tourette syndrome (8%, range 6—12%).

Discussion Tics and stereotypies can often develop in co-morbidity. The association of tics and stereotypies in the same
patient has practical implications, in consideration of the different treatment approaches. Future research should focus on
the assessment and management of both conditions, particularly in special populations (e.g. patients with pervasive devel-
opmental disorders).
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Introduction disorders and stereotypic movement disorder alongside

developmental coordination disorder as motor disorders

Tics and stereotypies are the most common hyperkinetic
movement disorders occurring during the developmen-
tal period [1]. The current edition of the DSM [2] lists tic
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within the category of neurodevelopmental conditions [2].
Tics are defined as sudden, rapid, recurrent, non-rhythmic
movements or vocalizations, such as eye blinking, grimac-
ing, shoulder shrugging, grunting and sniffing [3]. Tics can
be either transient (as in a proportion of young patients ini-
tially diagnosed with a provisional tic disorder) or chronic
(as in patients with a persistent motor/vocal tic disorder).
Tourette syndrome is the most complex chronic tic disor-
der, as its diagnosis requires the presence of both multiple
motor tics and at least one vocal tics, with onset in the pae-
diatric age [2]. Stereotypies are defined as repetitive, seem-
ingly driven, and apparently purposeless motor behaviours
(e.g. hand flapping or waving, body rocking, head banging,
self-biting or hitting), with onset in the early developmental
period [4, 5]. Only subjects whose repetitive motor behav-
iours interfere with social, academic, or other activities (or
result in self-injury) fulfil current diagnostic criteria for ste-
reotypic movement disorder [2].
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The differential diagnosis between tics and stereotypies
can pose significant challenges, in consideration of their
clinical and pathophysiological overlap [6]. Specifically,
alterations at the level of cortico-basal ganglia circuitries
have been shown to be associated with the expression of
repetitive behaviours, particularly in male subjects [1]. From
a clinical perspective, tics and stereotypies can have different
localisation, association with sensory manifestations, time
course, and relationship with environmental triggers. Stereo-
typic movements tend to have a more complex and rhythmic
nature than tics, with predominant involvement of the limbs
or trunk [1]. Conversely, tics develop most commonly at
the level of the cephalic district and are characteristically
associated with distressing sensations of increased inner ten-
sion, referred to as premonitory urges [7, 8]. Stereotypies are
often triggered by excitement and self-stimulation, whereas
tics typically follow a waxing and waning course, with possi-
ble exacerbations concomitant to increased underlying anxi-
ety [1]. Moreover, in most cases stereotypies have an earlier
age of onset than tics (as early as 3 years versus 5—7 years)
[4, 5]. Establishing the correct diagnosis is of paramount
importance for the implementation of psychoeducation and
targeted treatment interventions, which are indicated when-
ever the hyperkinetic manifestations are severe enough to
cause distress. Beyond behavioural strategies, the evidence
base for the efficacy of pharmacotherapy is considerably
stronger for tics compared to stereotypies [9, 10].

Both tics and stereotypies are characterised by a complex
co-morbidity profile, with increased prevalence in subjects
with other neurodevelopmental conditions (autism spectrum
disorder, attention-deficit and hyperactivity disorder) [11,
12]. Tics are often accompanied by specific obsessive—com-
pulsive behaviours, as well as anxiety and affective symp-
toms, especially in the setting of Tourette syndrome and
other neurodevelopmental disorders [13, 14]. Compared
to tics, stereotypies are more likely to be associated with
developmental coordination difficulties [15]. Little is known
about the co-occurrence of tics and stereotypies in the same
patient population. We therefore set out to conduct a sys-
tematic literature review to assess the relationship between
tics and stereotypies when these conditions present in co-
morbidity in otherwise typically developing subjects.

Methods

The present systematic literature review was conducted in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[16], used in conjunction with the Explanation and Elab-
oration document [17]. And the PRISMA-S extension to
the PRISMA Statement for Reporting Literature Searches
in Systematic Reviews [18]. We performed a search using
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MEDLINE via the PubMed interface for original studies
on patients presenting with both tics and stereotypies. For
our search, we combined the terms ‘tic disorder’ OR ‘Tou-
rette’ with ‘stereotyp*’. Moreover, the reference lists of eli-
gible articles were screened to identify any further relevant
articles. For comprehensiveness, we manually searched the
archives of the scientific journals where the eligible arti-
cles were published. We excluded from our review smaller
studies with a sample size inferior to 40 patients, as well as
studies on patients with an underlying diagnosis of a perva-
sive neurodevelopmental disorder, such as autism spectrum
disorder. Finally, we limited our search to original studies
published in the English language, but there were no chrono-
logical, geographic or demographic limitations to the inclu-
sion of articles.

Results

Our systematic literature search yielded a total of 235 arti-
cles, without any duplicates. Of these, 34 were considered
relevant to the review and their full texts were inspected. A
further 28 studies were excluded because they had a differ-
ent focus or lacked key information. A total of six articles
fulfilled our criteria and were included in the present review.
The article selection process is summarised in the PRISMA
flow diagram (Fig. 1).

The reviewed articles included four studies of patients
who presented with tics in the context of stereotypic move-
ment disorder (n =231, mean ages ranging from 8 to
13 years) [15, 19-21], and two studies of patients who pre-
sented with stereotypies in the context of Tourette syndrome
(n=344, mean age 30 years) [22, 23]. All the studies were
conducted on otherwise typically developing subjects seen
in specialist clinics between 2004 and 2021 (Table 1).

Overall, 23% (54/231) of patients diagnosed with ste-
reotypic movement disorder presented with co-morbid tics.
There was a considerable variability across the reviewed
studies (range 18-43%). Across all studies, the majority
of patients were males (65%, range 62-73%). Co-morbid
conditions were reported as follows: 38% (range 25-63%)
attention-deficit and hyperactivity disorder and 16% (range
10-35%) obsessive—compulsive symptoms.

Stereotypies were present in about 8% (28/344) of
patients diagnosed with Tourette syndrome. There was
low variability between the two reviewed studies (range
6-12%). Both studies reported data on a few patients
with tics and stereotypies who also had a diagnosis of
autism spectrum disorder: for this reason, 2 patients were
excluded from our analysis of the study by Baizabal-Car-
vallo and Jankovic [23] and 3 patients were excluded from
our analysis of the study by Ubhi et al. [22]. Data about
gender and co-morbidities were available only for the
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Table 1 Summary of studies on co-morbid tics and stereotypies (n>40)
Study Clinical population n  Meanage Male gender Tics Stereotypies ADHD  OCS
Mahone et al. 2004 [19] Stereotypic movement 40 8 years 25 (63%) 7 (18%) 40 (100%) 10 (25%) 4 (10%)
disorder
Harris et al. 2008 [20] Stereotypic movement 100 8 years 62 (62%) 18 (18%) 100 (100%) 30 (30%) 12 (12%)
disorder
Freeman et al. 2010 [15] Stereotypic movement 42 1lyears 31(73%) 18 (43%) 42 (100%) 16 (38%) 5 (12%)
disorder
Oakley et al. 2015 [21] Stereotypic movement 49 13 years 31 (63%) 11 22%) 49 (100%) 31 (63%) 17 (35%)
disorder
Ubhi et al. 2020 [22] Tourette syndrome 145 30years 102 (70%) 145 (100%) 17 (12%) 35 (24%) 170 (48%)
Baizabal-Carvallo et al. 2021  Tourette syndrome 199 N/A N/A 199 (100%) 11 (6%) N/A N/A

[23]

Abbreviations. ADHD Attention-deficit and hyperactivity disorder; OCS Obsessive-compulsive symptoms; N/A Not available

study by Ubhi et al. [22], where the majority of patients

Discussion

were males (70%) and the co-morbidity rates of attention-

deficit and hyperactivity disorder and obsessive—compul-
sive symptoms were 24% and 48%, respectively.

Our literature search identified six original studies present-

ing data on the association between tics and stereotypies
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in otherwise typically developing patients of paediatric
age. The combined findings of our systematic literature
review show that tics and stereotypies can often develop
in co-morbidity. Specifically, we found that up to one in
four patients diagnosed with stereotypic movement disor-
der present with co-morbid tics, and up to one in twelve
patients with Tourette syndrome presents with both tics
and stereotypies. Of note, we found a striking gender
imbalance, as 65-70% of patients presenting with both tics
and stereotypies across the reviewed studies were males.
This is consistent with previous data from the literature on
both Tourette syndrome and stereotypic movement disor-
der. It has consistently been reported that tics are at least
three times more common in males than in females [3].
Likewise, several reports have suggested a higher rate of
motor stereotypies in males as compared with females,
with an approximate 3:2 ratio [24].

The four studies focusing on young patients who present
with tics in the context of stereotypic movement disorder
found a wide range of tic prevalence Figs. (18-43%). Com-
bined data from our literature review show that around
23% of patients with stereotypies also have tics. This is at
the upper end of the range of prevalence figures for tics in
childhood (4 to 24%) reported in the general population
[25]. High rates of other co-morbidities were noted across
the reviewed studies, with an average of 38% of patients
also presenting with attention-deficit and hyperactivity
disorder, and 16% with obsessive—compulsive symptoms.
Such co-morbidity profile reflects the common observa-
tions that stereotypies are frequently associated with other
neurodevelopmental conditions and — to a lesser extent
— other repetitive behaviours [26].

It is widely acknowledged that stereotypies may be pre-
sent in otherwise typically developing children as a benign
movement disorder [27], although they can become per-
sistent [28]. However, the frequency and impact of motor
stereotypies is considerably higher in patients with autism
spectrum disorder, with prevalence rates ranging from 22
to 98% [29]. Based upon clinical experience, it has been
highlighted that stereotypies in patients with stereotypic
movement disorder are not distinguishable from those in
patients with autism spectrum disorder solely by their
motor description [15, 30]. Specific alterations in social
cognition and communication associated with autism spec-
trum disorder, along with measures of global functioning,
are helpful features in the differential diagnosis of doubt-
ful cases [31]. It has been suggested that tics can often be
co-morbid with stereotypies in the context of pervasive
developmental disorders. In five boys diagnosed with both
Asperger’s disorder and Tourette syndrome, history was
notable for a flapping stereotypy, as well as clumsiness
and exceptional verbal intelligence [32]. In a case series
of 12 patients with autism spectrum disorders referred to
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a specialist movement disorders clinic for the evaluation
of tics, all patients exhibited stereotypic movements and
seven of them had tics [33]. Analysis of video sequences
of 21 adults with autism spectrum disorder and a reper-
toire of 10 different stereotypies (57% males, mean age
35 years) revealed the presence of co-morbid motor tics in
half of the patients [34]. More recently, in an expert video-
based evaluation of 27 patients with a diagnosis of severe
autism spectrum disorder with stereotypies (89% males,
mean age 14 years), there was evidence of possible tics
in 67% of the clinical sample [35]. These findings suggest
the possibility of a considerably higher rate of co-morbid
tics in this patient population, however there is a need
to integrate reviews of video material with a comprehen-
sive clinical assessment, focusing on the diagnostic re-
evaluation of heterogeneous motor manifestations. Finally,
the association between tics and stereotypies has been
reported in a number of other neuropsychiatric conditions
characterised by behavioural and cognitive abnormalities,
such as Rett syndrome [36], Primrose syndrome [37], a
juvenile progressive dystonia suggestive of pantothenate
kinase-associated neurodegeneration (PKAN) [38], and
behavioural disturbance associated with anti-basal gan-
glia antibodies [39].

It has been estimated that about a third of patients with
Tourette syndrome present with co-morbid movement dis-
orders, which should be differentiated and distinguished
from tics based on their clinical phenomenology, etiopatho-
genesis, and response to treatment interventions [23]. The
combined results of our systematic literature review confirm
that stereotypies are among the most common movement
disorders diagnosed in patients with tic disorders. Specifi-
cally, we identified two large studies recently conducted in
adult specialist movement disorders clinics that reported a
combined prevalence of primary stereotypies of 8%, with a
narrow range of variability. Of note, both studies reported
data on a few other patients with tics and stereotypies who
also had a diagnosis of autism spectrum disorder, which
were therefore excluded from our analysis. Taking into con-
sideration the relatively high prevalence of pervasive devel-
opmental disorders in patients with Tourette syndrome, the
8% figure for co-morbid stereotypies in this clinical popula-
tion might be an underestimate. This figure is at the upper
limit of the prevalence estimates for primary complex motor
stereotypies in the general population, which are reported to
range between 3 and 8% [21, 40]. Overall, the high rates of
co-occurrence between tics and stereotypies are consistent
with the available evidence on shared pathophysiological
mechanisms including basal ganglia networks [1]. Specifi-
cally, altered striatal function mainly involving dopaminer-
gic pathways has been reported in animal models of both
tics [41] and stereotypies [42], suggesting that the ‘striatal
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disinhibition model’ could inform our understanding of both
conditions [43, 44].

Leg stereotypy syndrome was recently proposed as a
common type of stereotypy typically beginning in childhood
and presenting with repetitive movements affecting almost
exclusively the legs while the patient is seated (and both the
legs and the trunk while standing) [45]. In a study on 13
patients with Tourette syndrome seen at a specialist move-
ment disorders clinic, leg stereotypy syndrome was observed
in 30% of patients, compared to 7% of controls [46]. When
prompted to focus on the subjective experiences accompa-
nying their repetitive movements, most adult patients are
able to clearly differentiate between their tics and stereo-
typies, as the latter ones lack the characteristic premonitory
urge to tic. The absence of correlation between stereotypy
severity measures and tic severity ratings in the study by
Ubhi et al. [22] provides further evidence in support of the
clinical distinction between stereotypies and tics. Moreover,
the co-morbidity profile of patients with Tourette syndrome
and stereotypies was characterised by a higher prevalence of
tic-related obsessive—compulsive symptoms as compared to
patients with a primary diagnosis of stereotypic movement
disorder.

Our systematic literature review has limitations. First, all
participants were recruited from specialist centres, where
patients with more severe clinical presentations and multi-
ple co-morbidities can be over-represented (referral bias).
Second, the differential diagnosis between complex motor
tics and stereotypies can be notoriously challenging, how-
ever in the reviewed studies motor abnormalities were con-
sistently assessed by movement disorder specialists. Third,
there was a discrepancy in the age group between the stud-
ies that focused on co-morbid tics in patients with stereo-
typic movement disorder (paediatric age) and studies that
focused on co-morbid stereotypies in patients with Tourette
syndrome (adult age). In consideration of the relative paucity
of research on co-occurring tics and stereotypies in other-
wise typically developing subjects, studies focusing on pae-
diatric and adult populations were combined in the present
review: this might have affected the overall results according
to the different clinical presentations and assessment proto-
cols across the lifespan. Finally, patients with autism and
severe learning disability were excluded from our system-
atic literature review, possibly resulting in underestimation
of the prevalence of co-morbid stereotypies, since they are
included in the current diagnostic criteria for autism spec-
trum disorders.

In conclusion, the available evidence indicates that tics
and stereotypies can often develop in co-morbidity. The
association of tics and stereotypies in the same patient
has practical implications, in consideration of the different
treatment approaches. Specifically, a better understanding
of the clinical presentation of stereotypies in patients with

tic disorders can help preventing the misdiagnosis of these
symptoms as refractory tics, as well as the implementation
of inappropriate treatment interventions. The possibility
that treatment-refractory repetitive movements in adults
with Tourette syndrome could represent persistent stereo-
typies should be taken into account. From an experimental
perspective, the ability to differentiate tics from stereotyp-
ies within the same subject could help addressing some of
the challenges associated with the use of animal models
for the study of the neurodevelopmental abnormalities
underlying repetitive motor behaviours [47].

Future research should focus on the assessment and
management of patients presenting with both conditions,
particularly in special populations (e.g. patients with per-
vasive developmental disorders and/or intellectual dis-
ability) [28]. In addition to epidemiological studies in
the general community, there is a need for clinical stud-
ies focusing on the prevalence of stereotypies in patients
with tics attending paediatric neurology and child and
adolescent psychiatry clinics. Specifically, cross-sectional
studies on larger samples of children and adults would be
both feasible and informative. Longitudinal studies could
provide useful data on the natural course of co-occurring
tics and stereotypies across the lifespan. It would be use-
ful to further characterise stereotypies in young patients
with tic disorders in order to identify discrete phenom-
enological subgroups. These include — but are not limited
to — intense imagery movements, a common and distinct
paediatric subgroup of motor stereotypies where children
engage in acts of imagery while performing stereotyped
movements [48, 49]. Ultimately, a better understanding
of the role played by altered physiological states, such as
increased arousal [50], could pave the way to the devel-
opment of more targeted treatment interventions for both
stereotypies and tics, ranging from behavioural approaches
to pharmacotherapy.
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