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The occurrence of motor/vocal tics, that is, “extra move-
ments” and/or “extra vocalizations,” is the leading diag-
nostic criterion for tic disorders. We show that extra
movements are common also in healthy controls, so that
a surplus of movements per se is not indicative of the
presence of a tic disorder. This questions the usefulness
of Diagnostic and Statistical Manual of Mental Disor-
ders, 5th edition criteria for tic disorders in clinical prac-
tice. Apparently, it is not solely a surplus of movements
that defines tic disorders. Instead, movement character-
istics and patterns seem to play a crucial role.
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Introduction

According to the Diagnostic and Statistical Manual of
Mental Disorders, 5th edition (DSM-5),' tic disorders
(TDs), including Tourette syndrome and provisional and
chronic motor/vocal TDs, are ecarly onset neu-
rodevelopmental disorders defined by the presence of sud-
den, rapid, and repetitive involuntary movements (motor
tics) and/or vocalizations (vocal tics) occurring in addition
to the typical movement repertoire. Tics typically com-
mence around the age of 6 years.” Vocal tics usually occur
only after the onset of motor tics, if at all.’ Tics reach
peak severity between the ages of 10 and 12 years and typ-
ically decrease thereafter.” Prevalence rates of tics in child-
hood/adolescence vary considerably (4-24%) depending
on the method of data collection.*> Many people with
tics are oblivious to them, with tics being denied even
when they are enquired about directly.®” This reflects that
tics are often not burdensome and frequently not
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diagnosed. In DSM-5, the presence of tics is the deter-
mining feature for a TD diagnosis irrespective of the
awareness or unawareness of the affected individual. It has
been suggested that tics represent a surplus of
movements,” which is supported by the finding that single
tics in patients with a TD cannot reliably be distinguished
from spontaneously occurring single movements/
vocalizations in healthy controls assessed on the basis of
short video recordings (3-second video segments) taken
with the instruction to sit still, whereas such a distinction
is possible when longer (20-second) video segments are
evaluated.” Against this background and following Paulus
et al,"’ tics could operationally be defined as extra move-
ments (EMs) or extra vocalizations (EVs), that is, sponta-
neously  occurring  non-goal-directed  movements
(or sounds) in a context where movements (or sounds) are
not required or should not occur. This definition and pre-
vious data imply that the frequency of EMs/EVs in a
given person alone is a reliable parameter for the diagnosis
of a TD. Therefore, we systematically assessed video
recordings of a large group of participants with and with-
out a diagnosed TD focusing on the frequency of
EMS/EVs.

Subjects and Methods
Participants

We examined n = 127 children, adolescents, and adults with a
diagnosed TD according to DSM-5 criteria’  (mean
age = 19.79 years & 11.68, range = 8-53 years) and n = 129
typically developed controls not fulfilling DSM-5 criteria for a
TD or any movement disorder (mean age = 19.30 years £ 9.97,
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range = 8-50 years). All participants were assessed as described
. 11 . . .

previously, © and best estimated clinical diagnoses were made,

that is, based on a thorough clinical examination, semistructured

interviews (Mini International Neuropsychiatric Interview and

Mini International Neuropsychiatric Interview for Children and

Adolescents),'*!? the Yale Global Tic Severity Scale,14 and the

diagnostic confidence index."” Participants without a TD but

with a history of substance abuse or any neurological disease
were excluded. Sample characteristics are given in Tables 1
and 2, and separately for children/adolescents and adults in Sup-
plementary Tables S1 and S2. All participants, as well as the legal
guardians of children and adolescents, provided written informed
consent for participation. The study was approved by the ethics
committee of the University of Dresden (EK359092017).

TABLE 1. Demographic/Clinical Variables and Number of Extra Movements/Vocalizations per Minute in the
Different Groups
Non-TD Controls, n = 129
Patients, Non-TD Whole Non-TD Non-TD no
Variable n=127 Sample, n = 129 EM, n = 80 EM, n = 49
Age, yr* 19.79 £ 11.68 19.43 £+ 10.22 18.68 £ 10.34 20.67 £ 10.00
Sex, M:F, n 88:39 71:58 49:31 22:27
EMs/min* 42.65 £ 30.27 7.93 £ 15.60 12.79 + 18.20 0.00 &= 0.00
Body region
Eyes 92.7% 38.5% 66.2% 0%
Nose 64.5% 9.4% 16.2% 0%
Mouth 96.8% 48.7% 83.8% 0%
Neck 73.4% 18.0% 30.9% 0%
Shoulders 54.0% 6.8% 11.8% 0%
Arms 67.7% 6.8% 11.8% 0%
Hands 66.9% 12.8% 22.1% 0%
Trunk 53.2% 5.1% 8.8% 0%
Pelvis 21.0% 1.7% 2.9% 0%
Legs 53.2% 5.1% 8.8% 0%
Feet 46.8% 6.0% 10.3% 0%
EVs/min® 2.72 £ 4.30 0.08 £ 0.30 0.12 £ 0.38 0.00 £+ 0.00
QoL percentile rank® 46.52 £ 34.49 68.74 £ 29.44 71.31 + 28.11 64.49 £ 31.39
ADHD inattention # score® 53.59 £ 11.29 48.55 +£9.20 48.10 £ 8.66 49.27 +10.06
ADHD hyperactivity/impulsivity 54.90 £+ 11.68 48.52 £+ 8.50 48.73 + 8.83 48.18 £+ 8.04
¢ score”
OCD percentile rank® 39.79 £ 37.26 19.00 £ 23.57 19.69 £ 23.33 18.10 + 24.14
Depression percentile rank® 40.09 = 30.93 22.41 £ 22.23 22.53 £ 22.06 22.22 £ 22.76
Note: The level of QoL was assessed by the Life Satisfaction Questionnaire and the Inventory for Assessment of Quality of Life in Children and Adoles-
cents. Symptoms of ADHD were assessed by the Conners’ Adult ADHD Rating Scale and Conners 3rd Edition. Symptoms of OCD were assessed by
the Obsessive—Compulsive Inventory—Revised and by the Obsession Compulsion Inventory in Children and Adolescents. Depression symptoms were
assessed by the Beck Depression Inventory and the Depression Inventory for Children and Adolescents.
Abbreviation: ADHD = attention-deficit/hyperactivity disorder; EM = extra movement; EV = extra vocalization; F = female; M = male;
OCD = obsessive—compulsive disorder; QoL = quality of life; TD = tic disorder.
*Mean values and standard deviations are given.
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TABLE 2. Results of Subgroup Comparison
Whole Non-TD Control Sample Children and Adolescents Adults
Non-TD EMs, Non-TD No EMs, Non-TD EMs, Non-TD No EMs, Non-TD EM:s, Non-TD No EMs,
Variable n =80 n =49 n =51 n =29 n =29 n =20
Age 18.68 £ 10.34 20.67 + 10.00 1251 £ 3.06 14.17 £ 2,96 29.52 £9.71 30.10 = 9.04
f104 = 1.087, p = 0.279 t50 = 2.383, p = 0.020 14 = 0215, p = 0.831
Sex, M:F 49:31 22:27 30:21 10:19 19:10 12:8
x> = 2.656, p = 0.103 ¥’ = 3462, p = 0.063 x* = 0.009, p = 0.927
EMs/min 12.79 £ 18.20 0.00 + 0.00 14.80 £ 21.25 0.00 + 0.00 9.26 + 10.39 0.00 £ 0.00
179 = —6.286, p < 0.001 150 = —4.973, p < 0.001 1y = —4.802, p < 0.001
Vocalizations/min 0.12 £ 0.38 0.00 £ 0.00 0.12 & 0.40 0.00 £ 0.00 0.12 £ 0.34 0.00 £ 0.00
179 = —2.905, p = 0.005 150 = —2.170, p = 0.035 g = —1.967, p = 0.059
QoL percentile rank 71.31 £ 28.11 64.49 + 31.39 75.73 £ 26.15 78.55 £ 21.45 64.10 £ 30.16 46.74 £ 33.40
11 = —1.168, p = 0.246 156 = 0478, p = 0.634 136 = —1.806, p = 0.069
Parents’ QoL percentile — — 81.08 £ 17.62 82.41 £ 25.67 — —
rank
35 = 0.301, p = 0.765
ADHD inattention 48.10 £ 8.66 49.27 £ 10.06 48.80 £9.25 49.64 £ 9.11 46.96 £ 7.69 48.80 £ 11.37
t score
13 = 0.642, p = 0.522 150 = 0.368, p = 0.714 £, = 0.626, p = 0.536
Parents’ ADHD — — 50.48 £7.78 50.76 £ 6.82 — —
inattention # score
156 =0.162, p = 0.872
ADHD hyperactivity/ 48.73 + 8.83 48.18 + 8.04 50.43 + 9.46 50.56 + 6.83 45.96 & 6.99 45.20 & 8.62
impulsivity # score
f100 = —0.348, p = 0.728 153 = 0.065, p = 0.948 16 = —0.325, p = 0.747
Parents’ ADHD — — 50.81 &+ 7.00 50.24 + 5.58 — —
hyperactivity/
. L. teo = —0.430, p = 0.669
impulsivity # score
OCD percentile rank 19.69 + 23.33 18.10 £ 24.14 1150 £ 11.78 15.52 £ 25.24 27.29 + 28.56 20.80 + 23.27
fgs = —0.322, p = 0.748 1y = 0.674, p = 0.506 145 = —0.865, p = 0.392
Parents’ OCD — — 18.81 £ 11.63 20.18 + 28.49 — -
percentile rank
1y = 0212, p = 0.834
Depression percentile 22.53 + 22.06 22.22 £22.76 26.71 £ 22.45 23.93 +22.14 16.42 + 20.33 20.25 £ 23.87
rank
15y = —0.073, p = 0.942 146 = —0.480, p = 0.634 17 = 0.582, p = 0.564
Note: The level of QoL was assessed by the Life Satisfaction Questionnaire and the Inventory for Assessment of Quality of Life in Children and Adoles-
cents. Symptoms of ADHD were assessed by the Conners’ Adult ADHD Rating Scale and Conners 3rd Edition. Symptoms of OCD were assessed by
the Obsessive-Compulsive Inventory—Revised and by the Obsession Compulsion Inventory in Children and Adolescents. Depression symptoms were
assessed by the Beck Depression Inventory and the Depression Inventory for Children and Adolescents.
Abbreviation: ADHD = attention-deficit/hyperactivity disorder; EM = extra movement; F = female; M = male; OCD = obsessive—compulsive disor-
der; QoL = quality of life; TD = tic disorder.

Video Recordings and Clinical Assessment

As outlined in the introduction and according to Paulus et al,'’
EMs or EVs were operationally defined as spontaneously occur-
ring non-goal-directed movements (or sounds) that in the pre-
sent context (video recording) are not required or should not
occur. Goal-directed movements, for instance scratching and
adjusting sitting (position/clothing/hair/glasses), were not consid-
ered EMs. In all individuals, EMs/EVs were assessed on the basis
of standardized video recordings following the protocol of the

Modified Rush Videotape Rating Scale (MRVRS).'® All individ-

uals were placed in a quiet room and instructed to stay calmly

seated without speaking or doing anything else. Recordings
lasted 10 minutes and were taken under 2 conditions, namely,
“full view” and “upper body view” (5 minutes each), allowing
the raters to focus either on the head/face and shoulder region or
the rest of the body (whole body view). Each condition was
recorded both with and without an examiner present in the
room (2.5 minutes each). Each video was independently evalu-
ated by 2 clinicians (rater A and rater B) experienced in the
assessment of TDs. In line with the MRVRS protocol, only the
2 segments without an examiner in the room were scored, as tic
frequency is typically higher when patients are alone.'”
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FIGURE: Assessment and results of extra movement/vocalization counts. (A) The video recording set up is shown. Each video was
independently evaluated by 2 clinicians (rater A and rater B) experienced in the assessment of tic disorders. For details, see
Subjects and Methods section. (B-G) The numbers of extra movements/vocalizations per minute are each shown in separate
1-dimensional scatter plots. In B and E, each point represents the number of extra movements/vocalizations per minute per
subject (raw scores). Also, the mean values of each group are plotted. To increase visibility of the number of vocalizations per
(Figure legend continues on next page.)
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In addition, given a mean blink rate of 17 blinks/min in
non-TD individuals under resting condition,'® we only scored
eye blinks exceeding a number of 17/min as EMs. The EM/EV
count/min was determined as described previously.!' This mea-
sure was our main readout, as the presence of tics is the main
diagnostic criterion and because in patients with Tourette syn-
drome the tic count/min has previously been shown to be related
to core neurophysiological abnormalities."' When EM/EV
counts/min differed by >15% between rater A and rater B,
videos were reviewed and discussed by the two raters, which
resulted in consensus counts differing by <15% in all cases.

Statistical Analyses

All statistical analyses were performed in version 4.0.3 of R. The
number of EMs/EVs per minute was compared between groups
using # tests/ Wilcoxon squared rank tests. Further, EMs/EVs in a
given individual in relation to the mean of the respective other
group were analyzed using single-case # statistics.'” When the
p value was <0.05, it was concluded that an individual’s score
significantly differed from the observations of the compared
group. This procedure was applied to identify the threshold at
which the number of EMs/EVs exceeds or falls below the mean
of both each group and the whole sample. Single-case # statistics
assume that scores are normally distributed.'® However, our data
samples showed a right-skewed distribution. Therefore, a log
transformation was necessary to obtain a Gaussian distribution of
the data. To deal with zero EM/EV counts, a constant was added
before the log transformation, namely, log(X; 4 1).

Results

Demographic and clinical variables and number of
EMSs/EVs per minute are shown in Table 1.

Raw Data

EMs were present in all patients with a diagnosed TD and
in 61% of the control group. In comparison, the propor-
tion of participants with EVs was lower (64% of patients
and 7% of non-TD controls; ). The total prevalence of
EMS/EVs in the non-TD sample was thus 62%. Separated
by age, 64% of non-TD children and adolescents and
59% of non-TD adults displayed EMs/EVs. Both the
mean and median numbers of EMs/min (both p < 0.001)
in non-TD controls were significantly higher than

Bartha et al: Definition of Tic Disorders

0. Concerning EVs, this was only the case for the mean
(p <0.002), but not for the median (p = 0.101). In
patients, both the mean and median numbers of EM
(both p < 0.001) and EV (both p < 0.001) were signifi-
cantly higher compared to non-TD controls. Sensitivity
reached 100%, whereas specificity was substantially
lower (38%).

Log-Transformed Data

Comparing single log values of patients with the mean log
in non-TD controls, the critical value of EMs was 3.46 to
be considered to show significantly more EMs than what
can be expected in non-TD controls (¢35 = 1.658,
p = 0.049). This value was reached or exceeded in 55%
of the patients (see ). In non-TD controls, the critical
value of EMs was 2.02 (t6 = —1.660, p = 0.049).
Based on this value, 68% of non-TD controls could be
correctly categorized. Across both groups, the critical
values of EMs were 5.42 (2-tailed test, #,55 = 1.970,
p = 0.049) and 4.94 (l-tailed test, #ss = 1.657,
p = 0.049). Crucially, both of these limits were not
exceeded by any participant. With respect to EVs, the crit-
ical value was 0.37 (£1,3 = 1.678, p = 0.048) in patients,
with 56% of patients achieving this minimum amount. In
contrast, no log value of EV in non-TD controls differed
from the mean log in patients (log = 0, #;,6 = —0.941,
p = 0.174). Therefore, no critical value could be identi-
fied to correctly categorize non-TD controls purely based
on the (non-)occurrence of EVs. Across both groups com-
bined, critical values of EVs were 1.95 (2-tailed test,
fss = 1.970, p = 0.049) and 1.71 (I-tailed rtest,
tyss = 1.655, p = 0.049). These limits were exceeded by
8% and 10% of the participants, respectively.

Discussion

This study shows that individuals with a TD are charac-
terized by a higher number of EMs/EVs than non-TD
controls, but also that a considerable proportion of sup-
posedly non-TD individuals also have EMs. Importantly,
the frequency of EMs largely overlapped between groups.
Our analyses of standardized video recordings'® indicate

minute, the y-axis in E is scaled smaller than in B. In C (extra movements) and F (vocalizations), the log-transformed data are
shown separately for patients and non-TD controls. Also, the mean of the logarithmic values and the critical log values according
to the single case t statistic are plotted for each group. Log values of patients who reached at least the critical value of their
group are depicted in green, otherwise in yellow (log value < critical value of patients) or in red (log value < critical value of non-
TD controls). Similarly, non-TD controls with lower log values than the critical value of their group are depicted in green,
otherwise in yellow (log value > critical value of non-TD controls) or red (log value > critical value of patients). The percentages
of patients/non-TD controls in the green/orange/red categories, respectively, are shown on the right side. In D (extra
movements) and G (vocalizations), the log-transformed data are shown for the whole sample. The mean of the logarithmic values
and the critical log values according to 1-tailed and 2-tailed single case t statistics are plotted, respectively. Cl = confidence
interval; EM= extra movement; HC = non-tic disorder controls; M = mean; n/a = not applicable; Pat. = patient; sign. =

significance, Voc = vocalization.
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that about three fifths of individuals not fulfilling DSM-5
criteria for a TD show EMs/EVs. Although the number
of EMs was significantly higher in individuals with a diag-
nosed TD than in individuals without such a diagnosis,
no robust cutoff/threshold distinguishing these two groups
could be identified. In almost half of the TD individuals,
the frequency of EMs did not differ from that recorded in
non-TD individuals. Furthermore, in 38% of the TD
individuals and 27% of the non-TD individuals, the fre-
quency of EMs was in between the critical values of indi-
viduals with and without a TD, so that a clear grouping
of these individuals was not possible. Thus, individuals
with and without a TD cannot be differentiated reliably
solely based on the frequency of EMs. Crucially, the fre-
quency of EMs in non-TD controls did not depend on
psychopathological characteristics. This corroborates that
EMs, that is, a surplus of movements, should be concep-
tualized as a near-normal phenomenon.8 Of note, EMs
are also present in other disorders such as hyperactivity in
attention-deficit/hyperactivity ~ disorder, stereotypies in
autism spectrum disorders, or obsessions in severe
obsessive—compulsive disorders.”” In contrast to EMs,
EVs rarely occurred in non-TD individuals. The occur-
rence of EVs seems to be a better predictor of a
TD. However, we also did not find a critical value of
vocalization frequency reliably distinguishing both groups.

The finding that the frequency of EMs/EVs is not a
useful diagnostic criterion for a TD implies that features
other than EM/EV frequency determine whether an indi-
vidual presenting with EMs/EVs is diagnosed with a
TD. These include details provided by a patient, for
example, premonitory sensations or context dependency
of tics and associated phenomena, for example, pali-,
echo-, or coprophenomena.”’ In addition, because for
experts a reliable grouping of TD individuals versus non-
TD individuals is possible on the basis of 20-second but
not 3-second video recordings,9 the classification of
EMS/EVs as tics must depend on further qualitative char-
acteristics, particularly temporal aspects including speed,
clustering, and rhythmicity, as well as repetitiveness and
localization of EMs/EVs.** Importantly, these features
have not, apart from a characteristic somatotopic distribu-
tion of tics,”” been systematically measured and defined.
Clinical diagnosis of TDs thus still relies on implicit and
not well-objectifiable knowledge of distinguishing sponta-
neous EMs/EVs from motor or vocal tics.

To summarize, frequency of EMs/EVs is not a reli-
able criterion to distinguish individuals with a TD from
individuals without a TD. Even more importantly, the
number of EMs/EVs present in an individual with a TD
does usually not significantly exceed the frequency of

EMSs/EVs in the general population. This highlights the

need for broad and long-term clinical expertise to identify
EMS/EVs as tics as the disorder-defining criterion of
DSM-5. Our results imply that it is not surplus of action
per se that defines a TD but more likely movement pat-
terns of tics, particularly temporal characteristics and local-
ization, which need to be defined precisely and could then

replace or complement diagnostic criteria. The current

leading DSM-5 criterion of TDs is ill-defined.
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