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Abstract

Youth with intellectual and developmental disabilities typically have higher rates of tics and 

stereotypies compared to children with otherwise typical development. Differentiating between 

these two pediatric movement disorders can be challenging due to overlapping clinical features, 

but is relevant due to distinct treatment modalities. The current study evaluated sensitivity 

and specificity of a tic screening measure, the Motor or Vocal Inventory of Tics (MOVeIT) 

in a pediatric sample enriched for stereotypy and tics. Children (n=199, age 2-15 years 

old) receiving care in a developmental-behavioral pediatrics clinic underwent a gold-standard 

diagnostic assessment by a tic expert; these evaluations were compared to the MOVeIT. The 

MOVeIT demonstrated good sensitivity (89.8%) and relatively lower specificity (57.1%) compared 

to tic expert for detecting tics in the overall sample. Specificity of the MOVeIT to identify tics 
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improved to 75% when excluding children with co-occurring stereotypy. For children with tics 

and co-occurring stereotypy, sensitivity remained high (91.9%) but specificity was low (39.1%). 

The area under the curve (AUC) value to detect tics on the MOVeIT compared to the tic expert 

gold standard was significantly higher for children without stereotypy (AUC=85.7%) than those 

with stereotypy (AUC=64.3%, p <0.01). Overall, the ability to detect tics was better in those 

without co-occurring stereotypy symptoms. Further work is needed to establish the utility of the 

MOVeIT in populations where there is a high likelihood of co-occurring tics and stereotypy and 

in general population settings. Accurate distinction between tics and stereotypy will guide choices 

for intervention and anticipatory guidance for families.
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BACKGROUND

Tics are involuntary, discrete, repetitive movements and sounds that wax and wane; severity 

ranges from minor to severe and disabling. Up to 20-25% of typically developing children 

in the United States may have tics at some point (Black et al., 2016; Scahill et al., 2014). 

Persistent tic disorders involve the presence of motor and/or vocal tics that have been present 

for at least one year, developed before 18 years of age, and are not a result of medications, 

drugs, or other health conditions (American Psychiatric Association, 2013). Children with 

persistent tic disorders can experience adverse academic and social impacts, behavior 

problems and mood disorders, and some tics may cause self-injury or pain (Abwender et 

al., 1996; Charania et al., 2022; Conelea et al., 2011; Gorman et al., 2010; Kurlan et al., 

2002; Kurlan et al., 2001; Mathews et al., 2004; McGuire et al., 2013; Storch et al., 2007; 

Sukhodolsky et al., 2003; Zinner et al., 2012).

Accurate, early recognition of tics could improve rapid diagnosis for tic disorders and may 

serve as a flag for providers to increase surveillance for potential co-occurring conditions 

(Hirschtritt et al., 2015). However, tics and tic disorders are under-recognized, which 

can delay access to care (Arman et al., 2009; Debes et al., 2008; Janik et al., 2007; 

Shilon et al., 2008; Wand et al., 1992). Tics may also be challenging to differentiate 

from stereotypies, another relatively common type of abnormal movement in childhood. 

Stereotypies are repetitive, rhythmic, and non-meaningful movements (e.g., hand flapping, 

rocking). A primary stereotypic movement disorder may be diagnosed when repetitive 

movements develop in early childhood, cause interference with daily activities or lead 

to self-injury, and are not principally due to the effects of a medication or drug or 

another developmental disorder or behavioral health condition (American Psychiatric 

Association, 2013). Stereotyped movements and repetitive behaviors are included in the 

diagnostic criteria for autism spectrum disorders if the social communication criteria are 

met (American Psychiatric Association, 2013). Of note, when stereotypic movements, 

actions, or speech are present in the setting of ASD, a stereotypic movement disorder 

may not be separately diagnosed (American Psychiatric Association, 2013). Additional 
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common co-occurring conditions for individuals who may have stereotypy overlap with 

those of tic disorders, including attention-deficit/hyperactivity disorder (ADHD), anxiety 

disorders, obsessive-compulsive disorder (OCD), tics, developmental coordination disorder, 

and learning disorders (Katherine, 2018).

On the surface, both tics and stereotypies are characterized by involuntary, patterned, 

repetitive movements that may impair function (Singer et al., 2016), and both may increase 

at times of stress or anxiety (Martino & Hedderly, 2019; Singer, 2013). However, there 

are also key differences that can help differentiate the abnormal movements from each 

other (Barry et al., 2011; Katherine, 2018; Mahone et al., 2004), including differing natural 

history. Age of onset is typically earlier for stereotypies (12 months to 3 years) (Harris et 

al., 2008; Katherine, 2018; Mahone et al., 2004; Oakley et al., 2015) compared to tics which 

have an average age of onset from 4-8 years old (Hirschtritt et al., 2015; Openneer et al., 

2022). Lifetime persistence may differ as well. Stereotypies typically continue through life 

(Péter et al., 2017), including in children without intellectual or developmental disabilities 

(Harris et al., 2008); by contrast, among children with persistent tic disorders, tics may 

worsen between 9-12 years of age and may improve or resolve for many individuals in late 

adolescence or early adulthood, though periodic recurrence of tics can occur through the 

lifespan (Black et al., 2021; Bloch & Leckman, 2009; Lowe et al., 2019).

Despite these differences, transient tics and stereotypy are both seen in children with 

otherwise typical development, and persistent tic disorders and stereotypic movement 

disorder both occur at higher rates among children with intellectual and developmental 

disabilities (IDDs). For example, the base rate for persistent tic disorders in children with 

ASD and a range of other developmental delays may be as high as 20-25% (Baron-Cohen et 

al., 1999; Canitano & Vivanti, 2007; MacDonald et al., 2007; Ringman & Jankovic, 2000). 

Less is known about the prevalence of tic disorders in individuals with intellectual disability 

(ID) in particular, but Bitsko et al (2014) reported that among children identified with 

diagnosed Tourette syndrome in a national survey, 12% had a co-occurring diagnosis of ID. 

Rates of stereotypy include an estimated median prevalence of nearly 90% for individuals 

with ASD (Chebli et al., 2016), and among children with a variety of IDD diagnoses, 

prevalence estimates for stereotypy range from 20% to over 90% (Chebli et al., 2016; Melo 

et al., 2020).

In addition, both tics and stereotypy may interfere with participation in educational, social, 

and community activities, increase social isolation, cause injury, and herald anxiety or 

other behavioral health diagnoses (Cook & Rapp, 2020; Cunningham & Schreibman, 2008; 

Hirschtritt et al., 2015; Singer, 2013). However, clinical management for stereotypy and 

tics differ; accurate assessment is not only critical to guide the treatment approach, but 

also to determine whether intervention is warranted. Both tics and stereotypies only need 

treatment if they are bothersome or cause interference or impairment to the child. Treatment 

options for tics include a tic-specific behavior therapy and pharmacologic interventions 

(Mills & Hedderly, 2014; Piacentini et al., 2010; Pringsheim et al., 2019; Ringman & 

Jankovic, 2000; Wolicki et al., 2020) or rarely, deep brain stimulation (Deeb & Malaty, 

2020). Stereotypies are rarely responsive to pharmacologic management (Carrasco et al., 

2012; Popow et al., 2021; Rajapakse & Pringsheim, 2010). When stereotypy does cause 
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interference or impairment, behavioral strategies include reinforcing success with desired 

behaviors (e.g., redirection, differential reinforcement of other/incompatible behavior) rather 

than isolated targeted reduction of the stereotypic movement symptoms (Miller et al., 2006; 

Singer et al., 2018; Specht et al., 2017). By contrast, the most effective behavior therapy 

for tics, comprehensive behavioral intervention for tics (CBIT), does focus on reducing tic 

frequency and severity through habit reversal techniques.

Due to the differences in the expected clinical courses (Bloch & Leckman, 2009; Katherine, 

2018; Leckman, 2003; Mahone et al., 2004; Pappert et al., 2003) and approaches to 

symptom management, there is a clinical imperative to differentiate between tics and 

stereotypy to best inform discussions and decisions regarding treatment, and to provide 

anticipatory guidance to families regarding expected course and surveillance for possible 

co-occurring conditions. The Motor or Vocal Inventory of Tics, 14-item (MOVeIT-14) is 

a new screening measure that has demonstrated initial good sensitivity and specificity 

for identifying tics and tic disorders in a case-control study in which the cases were a 

well-defined group of children with confirmed tic disorder diagnoses (Adams et al., 2023; 

Lewin et al., under review for this issue). However, little is known so far about its ability 

to distinguish tics from other common abnormal movements of childhood, particularly 

stereotypy. In the present study, the primary question was whether the MOVeIT-14 could 

specifically identify tics among children attending a specialty developmental-behavioral 

pediatrics (DBP) clinic who may be more likely to present with stereotypy, or with a mixed 

presentation of tics and stereotypy. We therefore examined the use of the MOVeIT-14 to 

screen for tics in a sample of children enriched for stereotypy and tic disorders, namely, 

children served by a DBP clinic.

METHOD

Participants.

All study visits were conducted between April – September 2018. Eligible participants were 

male and female children between the ages of 2 – 15 years who were clinical patients 

of the DBP program at Golisano Children’s Hospital at Strong in Rochester, New York. 

The DBP program provides multidisciplinary care for children with IDDs including but not 

limited to those with diagnoses of ASD, cerebral palsy, and other causes of developmental 

delay. The age range was selected based on the natural history of stereotypies which are 

often established by 2 years of age or younger, and tics, which may emerge as early as 

3 years of age, have peak frequency/severity by about age 12 years, and in many cases, 

begin to subside by the early- to mid-teen years (Leckman, 2003; Leckman et al., 1998). 

Eligible children were new or returning patients of the DBP clinic with an upcoming 

in-person clinical appointment. Approximately 1-2 months prior to their child’s scheduled 

appointment, parents were sent recruitment letters via postal mail or through the patient 

portal section (“MyChart”) of the healthcare system’s electronic health record system 

(Epic). Parents were also informed of the research opportunity during reminder phone calls 

for their child’s upcoming clinic appointment. Study announcements were also physically 

displayed in the DBP clinic and on the clinic’s community-facing website.
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All parents completed an informed consent process to provide parental permission for 

their child’s participation in the study and received remuneration for their participation. 

The University of Rochester Institutional Review Board (Research Subjects Review Board; 

RSRB) granted a waiver of documentation of informed consent for this minimal risk 

study. Consent was therefore obtained verbally (via telephone or in person) by the study 

coordinator, or through a RSRB-approved REDCap-based study information sheet. All 

parents were provided with a copy of the study information sheet for their records. The 

research was approved by the University of Rochester’s RSRB (Study #70865).

Motor or Vocal Inventory of Tics (MOVeIT), parent-proxy version.

The parent-proxy MOVeIT is a brief tic screening questionnaire completed by parents to 

report on whether their child displays behaviors that might be tics. The MOVeIT was 

developed to improve the identification of tics and tic disorders in non-specialty clinical and 

research settings where expert assessment of tics and tic disorders may not be available, 

with a goal of reaching at least 85% sensitivity compared with expert assessment (Adams 

et al., 2023; Lewin et al., under review for this issue). Items describe various motor and 

vocal tics and are ranked on a 3-point scale (never =0, sometimes =1, often =2) to describe 

the frequency with which the potential tics occur. Item content addresses common motor 

tics (e.g., blinking, shrugging shoulders, jerking arms or legs) and phonic tics (grunting, 

coughing, sniffing). The MOVeIT also captures some aspects of tic phenomenology, 

including their involuntary nature and repetitiveness, though does not capture all information 

needed to formally evaluate the presence/absence of a tic disorder. There are two parent-

proxy versions, containing 14 or 10 items (MOVeIT-14; MOVeIT-10). The MOVeIT-10 

contains a subset of the MOVeIT-14 items, but the two versions do not differ with respect 

to content, i.e., descriptions of common motor and vocal tics such as sniffing, coughing, 

or shrugging shoulders are included in both. The items excluded from the 10-item version 

had lower endorsement among youth with tics (or their parents) and higher endorsement 

among youth without tics (or their parents) compared to other items and were repetitive with 

other items that were retained ((Lewin et al., under review for this issue). For the current 

project, all parents completed all 14 items, which also permitted analysis of the 10-item 

version. Total score on the MOVeIT-14 ranges from 0-28, and on the MOVeIT-10 from 0-20, 

with higher scores on each version indicating greater endorsement of potential tics (i.e., 

more tics, and/or more frequent tics). The MOVeIT-10 was developed as a shorter version 

to improve efficiency of assessment and has teacher proxy and child self-report versions, 

with identical content as the parent proxy MOVeIT-10 questionnaire. For the current project, 

we focused exclusively on the MOVeIT-14 and MOVeIT-10 parent proxy version, permitting 

enrollment of children with limited ability to self-report their tic experiences, including 

those who were nonverbal, and also enabling all data collection to occur through the DBP 

clinic setting rather than also requiring engagement of classroom teachers. A supplemental 

file is provided with this publication that presents a sample copy of the current version of the 

parent MOVeIT-14.

Study Procedures.

Parents who consented to their child’s study participation were asked to complete 

the MOVeIT-14 within several weeks of their child’s upcoming clinically scheduled 
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appointment with a DBP provider. The MOVeIT-14 was completed either by telephone 

through an interview with the study coordinator, or as an electronic form available through 

the patient portal section (“MyChart”) of the institution’s electronic health record system 

(Epic). We also provided paper copies of the MOVeIT-14 at the clinic site in case parents 

were unable to complete the form prior to their child’s appointment date. During the 

clinical appointment, but after all clinical concerns were addressed, DBP providers used 

the information in the completed MOVeIT-14 to guide their own clinical screening for the 

presence of tics and a tic disorder, benchmarked against Diagnostic and Statistical Manual 

of Mental Disorders-5 (DSM-5) diagnostic criteria (American Psychiatric Association, 

2013). This model was chosen to emulate the likely use of the MOVeIT-14 in clinical 

practice to guide providers in screening for tics. The DBP provider also reviewed and 

documented whether criteria were met for stereotypy and a DSM-5 defined stereotypic 

movement disorder. Prior to any enrollment of participants, tic expert study personnel 

met with participating DBP providers to review criteria for tic disorders, provide training 

on assessment of tics and tic disorders, and discuss how DBP providers and tic experts 

differentiate between tics and stereotypy. Tic experts were clinicians in the URMC Pediatric 

Neurology Movement Disorder program (pediatric neurologists; pediatric neurology nurse 

practitioner; clinical child psychologist). Though this study was focused on screening for 

tics, our rationale for also screening for stereotypy was to test the sensitivity of the 

MOVeIT-14 to reliably detect tics but with sufficient specificity that stereotypies were 

not identified using this screening tool. Results of the DBP provider assessment will be 

discussed in a forthcoming manuscript.

After conclusion of the child’s clinical appointment with a DBP provider, a tic expert met 

with the parent and child to conduct a conventional diagnostic evaluation, to determine the 

presence/absence of tics and/or stereotypy symptoms and review of all criteria required to 

establish a DSM-5 diagnosis of a tic disorder or stereotypic movement disorder, respectively. 

In our Pediatric Neurology-based practice this included a clinical neurological exam though 

this may not be a component of tic/stereotypy evaluation by other clinical specialists. 

Tic experts were blinded to the parents’ responses on the MOVeIT-14 and to the DBP 

assessment. A future paper will discuss the sensitivity/specificity of DBP assessment of tics 

(which incorporated information from the MOVeIT); the current paper focuses on the parent 

MOVeIT-14 responses alone in comparison to the tic experti’s blinded assessment for tics. 

Assessment by tic experts was conducted either immediately after the clinical appointment 

(before the child/parent were dismissed from clinic), or within several weeks after the 

appointment, if a tic expert was unavailable or if the family left clinic before the tic expert 

could meet with them. Those latter assessments were conducted by the tic experts in a phone 

interview, using a method established based on consultation with our lead tic expert (JWM). 

This method consisted of standard clinical interviewing with an emphasis on eliciting 

detailed description of the behaviors in question and review of clinical characteristics of tics 

and stereotypies, and review of DSM-5 criteria for tic disorder and stereotypic movement 

disorder. If needed to aid parents’ understanding of the behaviors (tics, stereotypies) of 

interest, the tic expert described examples of some common tics (e.g., eye blinking, sniffing) 

and stereotypies (e.g., hand flapping, rocking). A set of sensitivity analyses to evaluate 

potential differences by assessment mode compared (1) the distribution of tic and stereotypy 
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symptoms and diagnoses by mode of tic expert assessment using chi-square tests and (2) 

MOVeIT scores using ANOVA interaction terms by symptom or diagnosis category and tic 

expert assessment mode; see below for details on primary ANOVA analyses.

Analysis plan.

The primary aim of the study was to determine the sensitivity and specificity of the parent 

proxy MOVeIT-14 to identify tics in a sample of children with high potential for tics 

and/or stereotypies, compared to the tic expert’s clinical assessment, which served as the 

gold standard. As noted above, the DBP assessment of tics as compared to the tic expert 

is not the focus of the current analyses but will be addressed in future. As a secondary 

goal, we compared the MOVeIT-14 to the current shorter version, the MOVeIT-10, to assess 

whether they would perform similarly. We also calculated descriptive results for sample 

characteristics (age, sex, race/ethnicity), and the number of children identified with one or 

more of the following: tics, tic disorders, stereotypy, and stereotypic movement disorder). 

A review of DBP clinic billing code records for a one-year period prior to the start of this 

project (May 01, 2016-April 30, 2017) indicated that tics and related tic disorders were 

coded in approximately 5% of patients seen in that clinic, stereotypies in 6-7%, and both 

disorders noted as present in about 3% of children. During this time period, over half (58%) 

of children seen in the DBP clinic had a primary diagnosis of ASD. In discussion with DBP 

clinic providers, we established that both tics and stereotypy were likely underestimated 

because the DBP clinic staff typically only formally code these symptoms when they are 

clinically impairing. In addition, because stereotyped behaviors are included as part of the 

diagnostic criteria for autism spectrum disorder (ASD; Part B: restrictive and repetitive 

behavior symptoms), children with a primary ASD diagnosis would not separately have had 

stereotypy coded for a clinical visit. Therefore, based upon the extant literature and the 

diagnostic makeup of the DBP clinic, we anticipated a minimum of 5-10% of the sample 

would have at least one tic (current or past).

Analyses for descriptive statistics and group comparisons were performed using Statistica 

version 13.3 (TIBCO Software Inc., 2017). One-way Analysis of Variance (ANOVA) tests 

were used to compare differences in MOVeIT-14 and MOVeIT-10 scores by group, with 

group defined based on symptom status: tics only; stereotypic movements only; both tics 

and stereotypy symptoms; neither tics or stereotypy. Where appropriate, post-hoc Scheffé 

tests were used for pairwise comparisons of MOVeIT-14 scores and of MOVeIT-10 scores by 

symptom status.

MedCalc version 20.106 (MedCalc Software Ltd., 2022) was used for receiver operating 

characteristic (ROC) curve analyses and calculation of the area under the curve (AUC; 

a priori significance set at p=0.05). Potential optimal cutoff scores on the MOVeIT-14 

and MOVeIT-10 were identified to differentiate between individuals with and without 

tics. Once an optimal MOVeIT score threshold was determined, we calculated sensitivity, 

specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy 

for identifying the presence of tics based on this threshold. We used the prevalence estimate 

of tics by tic expert evaluation from this sample (29.6%) in our calculations of PPV 

and NPV. We intentionally focused on identifying the presence of any tics, rather than a 
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persistent tic diagnosis for calculation of PPV, NPV, and accuracy because the MOVeIT is 

designed as a tic symptom screener rather than for diagnostic evaluation. That is, though 

the MOVeIT asks respondents to endorse the presence or absence of tics, it does not assess 

for other criteria of tic disorders including age of onset, persistence, or absence of other 

medical reasons for tics. The tic expert assessed for the presence of tic symptoms and also 

whether diagnostic criteria for a tic disorder were met. The latter determination (diagnosis 

of a tic disorder) was not a primary focus of the present study. However, as a supplemental 

analysis, we evaluated MOVeIT-14 and MOVeIT-10 scores for study participants by tic 

disorder and/or stereotypic movement disorder diagnosis group status.

Results

Sample characteristics

A total of N=254 children participated in the study. Some participants did not complete 

one or two of the core assessments (MOVeIT-14, DBP provider assessment, tic expert 

assessment). Table 1 shows the number of participants by the assessments completed and 

summarizes the reasons for non-completion of study assessments. Altogether, a total of 

199 children (78.3% of the total sample) had a parent-completed MOVe-IT and were 

also evaluated by the tic expert, and this is the sample used for the current paper’s 

analyses. There were no significant differences between the group that completed all 

three assessments compared to the group that only completed the MOVeIT and tic expert 

assessment, based on age, sex, race or ethnicity of the child (Table 2). Table 2 also presents 

sample characteristics for the final analyzed sample (N=199). As expected, in particular 

because of the higher prevalence of ASD in males compared to females and related 

predominance of male patients in the DBP clinic, most children included in the analytic 

sample were male (n=153, 76.9%).

Tic and Stereotypy Symptoms and Diagnosis

Of the N=199 children whose data were analyzed for the current paper, a total of n=59 

children (29.6%) had any current or past tics according to tic expert evaluation, and a 

total of n=56 (28.1%) had a persistent tic disorder based on the tic expert assessment: 

persistent motor tic disorder, n=12; persistent vocal tic disorder, n=10; Tourette syndrome, 

n=25; provisional tic disorder, n=9. A total of n=106 (53.3%) had stereotypic movements 

or behaviors (stereotypy), and 22 (11.1%) children were determined to have a stereotypic 

movement disorder based on tic expert assessment. Also, n=8 (4.0%) children were deemed 

by the tic expert to meet DSM-5 diagnostic criteria for both a stereotypic movement disorder 

and a co-occurring tic disorder: persistent motor tic disorder, n=2; persistent vocal tic 

disorder, n=1; Tourette syndrome, n=5.

Of the 199 children whose data were evaluated for the current paper, n=116 (58.3%) were 

able to complete in-person assessments with the tic expert; the remaining n=83 (41.7%) 

were assessed by the tic expert by phone. The percent of children in the symptom and 

diagnostic groups did not differ significantly by mode of assessment (Supplemental Table 

S1).
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Parent MOVeIT-14 and MOVeIT-10 scores by symptoms

Table 3 presents summary data (mean, standard deviation, median, range) for the Parent 

MOVeIT-14 and MOVeIT-10 total scores. MOVeIT scores are presented for the total group 

and based on whether the child was deemed by the tic expert to have any tic symptoms 

(with or without co-occurring stereotypy), any stereotypy symptoms (with or without 

tics), both tic and stereotypy symptoms, or neither. As expected, the group of children 

with any tic symptoms, with or without co-occurring stereotypy symptoms (n=59, 29.6%) 

had significantly higher mean Parent MOVeIT-14 (p<.001) and MOVeIT-10 (p < .001) 

scores than children without any tic symptoms (n=140). One-way ANOVA tests revealed a 

significant difference by symptom status (tics only, stereotypy only, both tics and stereotypy, 

or neither) for both the MOVeIT-14 total score: F(3, 195) = 18.75, p < .001 and the 

MOVeIT-10 total score: F(3, 195) = 18.46, p <.001. Post-hoc testing (Scheffé; results shown 

in Table 4) identified that the mean MOVeIT-14 score for the group with neither tic nor 

stereotypy symptoms was significantly lower than for each of the other three groups. There 

was only one other significant difference among the 3 symptom groups (tics only, stereotypy 

only, tics + stereotypy symptoms); the mean MOVeIT-14 total score for the group with 

stereotypy symptoms only was significantly lower than for the group with both tics and 

stereotypy. The mean MOVeIT-10 total score for the group with neither tic nor stereotypy 

symptoms was significantly lower than for each of the other three groups, but there were 

no significant differences among the 3 symptom groups (tics only, stereotypy only, tic + 

stereotypy symptoms) for either the MOVeIT-14 or MOVe-IT 10 scores.

We also examined Parent MOVeIT-14 and MOVeIT-10 scores by diagnosis group 

(stereotypic movement disorder only, tic disorder only, both diagnoses, or neither). Table 

S2 (supplement) presents summary data (mean, standard deviation, median, range) for 

Parent MOVeIT-14 and MOVeIT-10 total scores according to diagnosis group. The Parent 

MOVeIT-14 and MOVeIT-10 total scores for the group with neither diagnosis were 

significantly lower than that of the other 3 groups, whose MOVeIT scores were not 

significantly different from one another (detailed results available upon request).

Regarding the potential influence of mode of tic expert assessment on the MOVeIT total 

score results, interactions between mode (in person, phone) and tic or stereotypy symptom 

and diagnosis groups (tics only, stereotypy only, both, neither) were tested using factorial 

ANOVA tests. All interaction tests resulted in non-significant p-values (p-value range: 0.24–

0.35), indicating that the differences in MOVeIT total scores by symptom or diagnosis group 

were not different for those whose tic assessment was completed in person than those whose 

assessment was completed by phone (see supplemental Table S3a–d for details).

ROC Curve Analyses for the Parent MOVeIT-14 and MOVeIT-10

Figure 1 presents the ROC curves with 95% confidence intervals (CI) for identifying any tic 

symptoms on the Parent MOVeIT-14 (Figure 1a) and MOVeIT-10 (Figure 1b) in the analytic 

sample for the present paper (N=199). These ROC curves were similar; for the MOVeIT-14, 

AUC = 74.5% (p < .001), and for MOVeIT-10, AUC = 73.5% (p < .001). Table 5 presents 

the values and 95% confidence intervals for the Parent MOVeIT-14 and MOVeIT-10 AUC 

and the sensitivity, specificity, and optimal threshold scores for differentiating between 
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children with and without tic symptoms. On the Parent MOVeIT-14, a total score >5 was 

identified as the optimal threshold, and on the Parent MOVeIT-10, the optimal threshold 

was a total score >4. Table 5 also shows the PPV, NPV, and accuracy and 95% confidence 

intervals for identification of tics based on these threshold scores in this population.

We also examined performance of the Parent MOVeIT-14 and MOVeIT-10 for identifying 

tic symptoms in children with (n = 106) and without (n = 93) co-occurring stereotypy 

symptoms. Figures 2a and 2b show comparisons of independent ROC curves for the 

MOVeIT-14 (Figure 2a) and MOVeIT-10 (Figure 2b) for determining the presence or 

absence of tics among children with and without stereotypy symptoms, with the presence 

of tics and/or stereotypy both established by the tic expert evaluation. For the Parent 

MOVeIT-14, the AUC value for children without stereotypy symptoms was = 85.7% and 

for children with stereotypies the AUC = 64.3%. The difference between the AUC for 

these ROC curves was significant (difference between areas =0.21; z=3.14, p<0.01; 95% 

CI: 0.08, 0.35). A similar pattern was observed for the Parent MOVeIT-10, with an AUC 

= 84.2% for children without stereotypy symptoms and an AUC = 62.8% for children 

with stereotypy symptoms; this difference was statistically significant (difference between 

areas=.21, z=3.03, p<.01, 95% CI: 0.08, 0.35). The optimal threshold score for detection of 

tic symptoms on the Parent MOVeIT-14, regardless of the presence or absence of stereotypy, 

was >5, but the 95% confidence interval band around this threshold value was narrower 

for the group without stereotypy symptoms (95% CI: >1, >6) than for the group without 

stereotypy symptoms (95% CI: >4, >16). Similarly for the Parent MOVeIT-10 the optimal 

threshold score for children without stereotypy was >4 (95% CI: >1, >6) and for the children 

with stereotypy, the optimal threshold was >5 (95% CI: >4, >17). Table 6 presents the 

values and 95% confidence intervals for the AUC and optimal threshold scores for the Parent 

MOVeIT-14 and MOVeIT-10 as well as the sensitivity, specificity, PPV, NPV, and accuracy 

when using these optimal threshold scores stratified by the presence or absence of stereotypy 

symptoms in this population.

Discussion

The purpose of these analyses was to assess the ability of tic screening measures 

(MOVeIT-14 and MOVeIT-10) to identify tics in a population of children enriched for tics 

and stereotypies. The MOVeIT was developed to improve identification of tics using a short 

screener and performed well (>85% sensitivity and specificity) in a population of children 

recruited for a tic specialty clinic (Adams et al., 2023). In this sample of children seen 

for developmental and behavioral concerns, tics and stereotypic movements were common 

(30% and 53%, respectively). Children with tics had significantly higher MOVeIT-14 and 

MOVeIT-10 scores than children without tics, and optimal thresholds were determined 

for differentiating between children with and without tic symptoms. The ability to detect 

tics was better in those without stereotypy symptoms compared to those with stereotypy 

symptoms. Although the presence of stereotypy symptoms had little to no impact on the 

optimal cutoff scores, the group with stereotypy symptoms had greater variability in their 

scores. Also, the MOVeIT-14 and MOVeIT-10 performed comparably; the latter’s shorter 

length could allow further efficiency in screening for tics.
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The MOVeIT-14 and MOVeIT-10 did not include some items that may distinguish tics 

from stereotypies with respect to clinical phenomenology and the patient experience. Tics 

commonly exhibit a waxing and waning course (Barry et al., 2011; Katherine, 2018; 

Mahone et al., 2004; Openneer et al., 2022), but stereotypies tend to persist. Also, in 

tic disorders, the presence of a premonitory urge and the ability to suppress tics are 

common (Banaschewski et al., 2003; Leckman et al., 1993). The premonitory urge is an 

aversive sensation that may be focal (e.g., a scratch in the throat for a throat-clearing tic) 

or generalized (e.g., feeling of tension in the body). It tends to build up and is relieved 

by performance of the tic. Although approximately 80% of individuals with tic disorder 

describe a premonitory urge, it is typically not described until an average of 3 years after 

onset of tics (Leckman et al., 1993). By contrast, a premonitory urge is not present for 

stereotypies; indeed, they may be experienced as enjoyable or unnoticed by the patient 

rather than unwanted (Katherine, 2018). In addition, many children can suppress their 

tics for a short period of time. Though children with stereotypies can often be distracted 

out of their movements, they typically do not intentionally suppress them (Katherine, 

2018; Mahone et al., 2004). The MOVeIT-14 and MOVeIT-10 include questions about 

abnormal, repetitive movements/sounds that are undesired and involuntary (“hard to keep 

from doing”). However, they do not evaluate for age of onset of movements/sounds, changes 

in movements/sounds over time, presence of a premonitory urge, or the ability to suppress 

movements/sounds. Thus, it is possible that the absence of questions evaluating these 

parameters contributed to the lower specificity and PPV of the MOVeIT-14 and MOVe-IT-10 

in those with stereotypy symptoms.

Although there were not significant differences in MOVeIT scores among children with 

either a tic disorder, stereotypic movement disorder, or both diagnoses, we noted a pattern of 

a higher mean total Parent MOVeIT-14 and MOVeIT-10 score for children with a diagnosis 

of a stereotypic movement disorder. This may seem unexpected, as MOVeIT scores might be 

higher when both motor and vocal symptoms are endorsed, and a diagnosis of a stereotypic 

movement disorder would by definition not involve repetitive sounds. However, there are 

slightly fewer unique items that ask about sounds than movements on both the Parent 

MOVeIT-14 (5 motor and 4 vocal items) and MOVeIT-10 (4 motor and 2 vocal items), and 

remaining items in each version can be positively endorsed whether only motor, only vocal, 

or both types of symptoms are present (see supplemental file for item content). Hence the 

unique contribution of vocal tic symptoms to the total MOVeIT score is constrained by 

the number of related items on the questionnaire. Also, although the MOVeIT is intended 

to screen for tics, the instrument does not explicitly ask respondents to consider whether 

their child’s repetitive movements or sounds are actually tics vs. stereotypy or another 

type of symptom. Thus, it is possible that some parents may have endorsed repetitive 

sounds that are neither tics nor stereotypy, but nonetheless were present in the setting of 

the latter symptoms or diagnosis. Finally, since the MOVeIT item scores are constructed 

from rank-ordered ratings (i.e., ‘never’; ‘sometimes’; ‘often’) it may be the case that items 

assessing only movements, or movements and/or sounds received higher rankings than items 

that assessed only repetitive sounds. Overall, however, the distribution of Parent MOVeIT-14 

and MOVeIT-10 scores across these positive diagnosis groups was similar, and the range of 

values across the groups (shown in Table S1) were likewise similar.
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Although these instruments were designed to detect tics in children, identifying stereotypy 

symptoms may also be beneficial. When stereotypies do not cause functional impairment 

they may not warrant intervention (Katherine, 2018). However, individuals who experience 

impairment from stereotypies can be referred for appropriate treatment (Barry et al., 

2011; Katherine, 2018). In particular, stereotyped movements that are self-injurious 

require functional analysis to determine appropriate behavioral intervention. In our sample, 

stereotypy symptoms were present in 53% of participants and self-injury attributed to 

stereotyped behavior by the clinician (or as reported to the clinician by the parent) was 

recorded in 13% (n=26) of participating children, but a primary stereotypic movement 

disorder diagnosis (as defined by DSM-5 criteria; (American Psychiatric Association, 2013) 

was present in only 11% of participants. We did not collect information on participants’ 

specific underlying IDD diagnosis (such as ASD) but the greater proportion of children 

in the sample with stereotypy symptoms vs. a stereotypic movement disorder suggests 

that for many participants, stereotypies were one component of a broader intellectual or 

developmental disability.

There were limitations to this study. First, we had missing data for at least one measure 

for 22% of participants, but this was not unexpected given the real-world environment (a 

busy clinical setting) in which the study was based. This analysis only included data from 

those who completed both the MOVeIT-14 and tic expert assessment. There were no group 

differences between the entire sample and those included in the analysis in terms of age, 

sex, race, or ethnicity of the child. However, it is possible that missing data affected the 

results of our study. Second, this sample was not representative of the general population. 

The vast majority of participants were male, white, and non-Hispanic. Also, we studied a 

population with a higher level of clinical need compared to the general population, and 

therefore, results will not be generalizable to populations of typically developing children. 

Given the dependence of PPV and NPV on the underlying prevalence, these estimates are 

expected to be elevated compared to what would be expected in a non-specialty setting. 

This limits the generalizability of our results. Also, in the real-world setting in which this 

study was based, a developmental-behavioral pediatrics clinic, some families did not remain 

on site for the tic expert assessment after completing their clinical appointment with their 

DBP provider. In order to ensure a complete dataset for these individuals, the tic expert 

assigned to a respective study visit called the child’s parent to complete their assessment 

by phone. While a phone-based evaluation is not a conventional approach to evaluating 

pediatric movements, the proportion of children identified as having tic and/or stereotypy 

symptoms, or as having a tic disorder and/or stereotypic movement disorder, did not differ 

based on the tic expert’s assessment mode (in person vs. in phone). Next, the reference 

standard assessment of tics, by the tic expert, explicitly considered both current and past 

history of tics. Though the MOVeIT does not explicitly specify a time frame for parents’ 

endorsement of their child’s tics, items are worded in the present tense (see supplement). 

This might lead to an underestimation of any history of tics by the MOVeIT, compared to 

the tic expert’s evaluation, but would not impact screening for current tics which might 

have the greatest relevance in a clinical setting. Additionally, some items ask parents to 

infer their child’s internal experience of tics, e.g., “My child feels like they have to make a 
noise……”. Among children with no or minimal verbal skills it may be difficult for parents 
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(or clinicians) to always know what a child is thinking or feeling with respect to tics or 

other abnormal movements. In fact, some parents did convey that such items were difficult 

to answer, for this reason. Finally, we provided additional training on assessment of tics 

and stereotypy to study personnel to augment the training conventionally provided in DBP 

training programs.

Despite these limitations, this study has several strengths. Although tics and stereotypies 

are not uncommon, they are more commonly seen in individuals with IDDs (Baron-Cohen 

et al., 1999; Canitano & Vivanti, 2007; MacDonald et al., 2007; Ringman & Jankovic, 

2000). Thus, the focus of this study in a DBP clinic setting allows for identification of 

more individuals with tics than in the general population. Additionally, this clinic setting 

has more non-verbal children than general pediatric populations. Use of a parent report 

allowed us to include children regardless of their verbal abilities. Of note, children with 

no or limited verbal skills may be unable to indicate the presence of a premonitory urge. 

This is not a requirement for the diagnosis of a tic disorder, but can be helpful in clarifying 

clinical phenomenology and for initiating ‘awareness training’, an early step in habit reversal 

training for tic management (Woods et al., 2008). Finally, the tic experts were blinded to the 

parent MOVeIT responses, thus decreasing bias in the study.

In the future, we plan to build upon these results to test the ability of these instruments 

(and revised versions of these instruments) to perform in the general community. As part of 

the methods of this study, DBP providers reviewed parents’ MOVeIT-14 responses and used 

this information to guide evaluation for tics and tic disorder, similar to how the MOVeIT-14 

would be used in a real-world clinical setting. This approach reflects what would occur 

in clinical practice in the future. Future work could also examine whether the instruments 

are able to differentiate between tics and compulsions, which commonly co-occur with 

tic disorders (Hirschtritt et al., 2015) and have overlapping features, i.e., repetitive and 

stereotyped actions.

Tics and tic disorders are common in childhood (Tinker et al., 2022) but are likely under- 

diagnosed. Tics are not currently screened for as standard of care in general pediatric 

practices (Hagan et al., 2017). Pediatric neurologists, DBP specialists, psychologists and 

psychiatrists have expertise to recognize tics and stereotypies, diagnose their related 

disorders, and guide treatment decisions. Unfortunately, many patients and families have 

limited access to such subspecialists (American Psychological Association, 2018; Basco 

& Rimsza, 2013; Dall et al., 2013; Kang et al., 2016; Satiani et al., 2018). Additionally, 

despite growth in the pediatric neurology and DBP professions there remains a national 

shortage of both providers; there is an approximately 20% shortfall predicted by 2025 in 

the ability to meet clinical need for pediatric neurology in most U.S. states (Majersik et 

al., 2021) and a similar anticipated shortfall in the DBP talent pool as well with far more 

anticipated retirements by senior clinicians than there are incoming new providers based 

on the existing training pipeline (Bridgemohan et al., 2018). The primary pediatric setting 

may thus be well-suited to conduct initial screening for tics and stereotypy, as a first step to 

expand access for diagnosis and treatment. Understanding how the MOVeIT performs in a 

DBP setting can inform these next steps by illuminating the strengths and limitations of the 

measure for differentiating among common abnormal movements of childhood.
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Early detection of tic disorders in children has the potential to improve early access 

to treatment for tics and to increase identification of common co-occurring conditions. 

Accurate and feasible tic screening instruments can facilitate diagnosis and management 

of youth with tic disorders, yet will also need to effectively differentiate between tics 

and stereotypies, the most common other abnormal movements of childhood. This study 

demonstrates that the MOVeIT-14 can accurately detect tics in a sample of children enriched 

for presence of tics but lacks sensitivity to distinguish tics from stereotypy in children at risk 

for both of these common pediatric movement disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
a. Receiver Operating Characteristic (ROC) Curve analysis with 95% Confidence Intervals 

of Parent 14-item Motor or Vocal Inventory of Tics (MOVeIT-14) total score for 

distinguishing between participants (n=199) with and without tics based on tic expert 

assessment.

b. Receiver Operating Characteristic (ROC) Curve analysis with 95% Confidence Intervals 

of Parent 10-item Motor or Vocal Inventory of Tics (MOVeIT-10) total score for 
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distinguishing between participants (n=199) with and without tics based on tic expert 

assessment.
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Figure 2. 
a. Receiver Operating Characteristic (ROC) Curve analysis and 95% Confidence Intervals 

of Parent 14-item Motor or Vocal Inventory of Tics (MOVeIT-14) scores for distinguishing 

between participants with and without tics based on tic expert assessment, according to 

absence or presence of stereotypy symptoms.

b. Receiver Operating Characteristic (ROC) Curve analysis and 5% Confidence Intervals 

of Parent 10-item Motor or Vocal Inventory of Tics (MOVeIT-10) scores for distinguishing 
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between participants with and without tics based on tic expert assessment, according to 

absence or presence of stereotypy symptoms.
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Table 1.

Number of child participants in a developmental-behavioral pediatrics clinic evaluated with the Motor or Vocal 

Inventory of Tics (MOVeIT), by a developmental-behavioral pediatrics provider, and/or by a tic expert

N (%) of total sample

Total Sample 254 (100%)

Individual Assessment Completed

 Parent Motor or Vocal Inventory of Tics (MOVeIT-14)1 252 (99.2%)

 Developmental-Behavioral Pediatrics Provider (DBP)2 Assessment 218 (85.8%)

 Tic Expert3 Assessment 201 (79.1%)

Paired Assessments Completed

 Parent MOVeIT-14 + Tic Expert 199* (78.3%)

 Parent MOVeIT-14 + DBP 216 (85.0%)

 Tic Expert + DBP 182 (71.7%)

All Assessments: Parent MOVeIT-14 + DBP + Tic Expert 180 (70.9%)

*
Sample size which is the focus of analyses for the current paper

Reasons for missing assessments:

1
Parent MOVeIT: Two parents did not complete the MOVeIT-14 (14-item version) despite reminders by the study coordinator but participated in 

the tic expert and DBP assessments. These participants were not included in the present study.

2
DBP: 36 children did not undergo the DBP assessment due to lack of time in the visit, or because the DBP provider either forgot the child was 

enrolled in study or forgot to conduct the assessment and could not reach the parent later by phone. Three additional children, included in the count 
above, completed evaluation of tics, but not stereotypy, with the DBP provider.

3
Tic Expert assessment: Some children did not undergo tic expert assessment because they and their parent left clinic before this activity could be 

conducted and could not be reached later by phone. These participants were not included in the present study.
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Table 2.

Demographic characteristics of total sample, children who completed all three assessments (Parent MOVeIT*, 

Tic Expert, Developmental-Behavioral Pediatrician) and children who only completed the MOVeIT and Tic 

Expert assessment

Total Sample (N=254) Children with all 3 assessments 
(N=180)

Children with MOVeIT + TE* 
(N=199) (analytic sample)

Age in Years, Mean (SD) 8.1 (3.4) 8.0 (3.3) 8.1 (3.4)

  Range 2.0 – 16.0 2.1 – 15.8 2.0 – 16.0

Sex (n, %)

 Females 59 (23.2%) 42 (23.3%) 46 (23.1%)

 Males 195 (76.8%) 138 (76.7%) 153 (76.9%)

Race (n, %)

 American Indian 2 (0.8%) 2 (1.1%) 2 (1.0%)

 Asian 4 (1.6%) 2 (1.1%) 3 (1.5%)

 African American 20 (7.9%) 15 (8.3%) 16 (8.0%)

 White 210 (82.7%) 154 (85.6%) 169 (84.9%)

 Other, More than One Race 8 (3.1%) 2 (1.1%) 3 (1.5%)

 Not reported1 10 (3.9%) 5 (2.8%) 6 (3.0%)

Ethnicity: (n, %)

 Hispanic 13 (5.1%) 8 (4.4%) 10 (5.0%)

 non-Hispanic 224 (88.2%) 163 (90.6) 178 (89.4%)

 Not reported1 17 (6.7%) 9 (5.0%) 11 (5.5%)

*
MOVeIT: Motor or Vocal Inventory of Tics; TE: Tic Expert

1
Not reported: Parent opted to not share information about child’s race and/or ethnicity
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Table 3.

Parent Motor or Vocal Inventory of Tics (MOVeIT-14 and MOVeIT-10)* scores by symptom status (N=199)

All Participants (N=199)

MOVeIT-14
Mean (SD)

Median, Range

MOVeIT-10
Mean (SD)

Median, Range

All children (N=199)
9.2 (8.1) 7.0 (6.1)

7.0, 0–28 6.0, 0–20

Children with tics, with or without co-occurring stereotypy (n=59) 13.8 (7.5) 10.3 (5.5)

12.0, 0-28 10.0, 0-20

Children with tics only (n=22)
12.9 (6.8) 9.9 (5.3)

11.0, 2-26 10.5, 1-18

Children with stereotypy, with or without co-occurring tics (n=106) 11.6 (8.3) 8.8 (6.1)

11.0, 0-28 8.0, 0-20

Children with stereotypy only (n=69)
10.1 (8.2) 7.9 (6.1)

10.0, 0-27 8.0, 0-20

Children with co-occurring tics and stereotypy (n=37) 14.3 (8.0) 10.6 (5.6)

13.0, 0-28 10.0, 0-20

Children without tics (with or without co-occurring stereotypy, n=140) 7.3 (7.6) 5.6 (5.8)

4.0, 0-28 4.0, 0-28

Children with neither tics nor stereotypy (n=71)
4.5 (5.8) 3.4 (4.4)

2.0, 0-28 2.0, 0-20

*
Motor or Vocal Inventory of Tics: 14-item=MOVeIT-14; 10-item=MOVeIT-10
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Table 4.

Post-hoc (Scheffé) comparisons for differences between symptom groups on Parent Motor or Vocal Inventory 

of Tics (MOVeIT-14 and MOVeIT-10)* total scores

MOVeIT-14

Symptom Group Mean Difference with Group p value 95.0% CI**

Group 1: Tics only

Group 2=2.8 0.49 −2.2, 7.8

Group 3=−1.4 0.92 −6.9, 4.1

Group 4=8.5 <0.001 3.5, 13.4

Group 2: Stereotypy only
Group 3=−4.2 <0.05 −8.3, 0.0

Group 4=5.7 < 0.001 2.3, 9.1

Group 3: Tics and stereotypy Group 4=9.8 <0.001 5.7, 14.0

Group 4: Neither -- -- --

MOVeIT-10

Symptom Group Mean Difference with Group p value 95.0% CI

Group 1: Tics only

Group 2 = 2.0 0.53 −1.8, 5.7

Group 3 = −0.7 0.97 −4.8, 3.4

Group 4 = 6.4 <0.001 2.7, 10.1

Group 2: Stereotypy only
Group 3 = −2.7 0.12 −5.8, 0.4

Group 4 = 4.5 < 0.001 1.9, 7.0

Group 3: Tics and stereotypy Group 4 = 7.1 <0.001 4.0, 10.2

Group 4: Neither -- -- --

*
Motor or Vocal Inventory of Tics: 14-item=MOVeIT-14; 10-item=MOVeIT-10

**
CI: Confidence interval
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Table 5.

Area under the Curve (AUC) values, Optimal Cutoff Score, Sensitivity, Specificity, Positive Predictive Value 

(PPV), and Negative Productive Value (NPV) for the Parent Motor or Vocal Inventory of Tics (MOVeIT-14 

and MOVeIT-10)* for identifying tic symptoms (n=199)

MOVeIT-14
value (95% CI**)

MOVeIT-10
value (95% CI**)

AUC 74.5% (67.9, 80.4%) 73.5% (66.8, 79.5%)

Optimal cutoff score >5 (>4, >7) >4 (>3, >5)

Sensitivity 89.8% (79.2, 96.2%) 86.4% (75.0, 94.0%)

Specificity 57.1% (48.5, 65.5%) 55.7% (47.1, 64.1%)

PPV 46.9% (41.7, 52.1%) 45.1% (40.0, 50.3%)

NPV 93.0% (86.0, 96.7%) 90.7% (83.5, 95.0%)

Accuracy 66.8% (59.8, 73.3%) 64.8% (57.7, 71.4%)

*
Motor or Vocal Inventory of Tics: 14-item=MOVeIT-14; 10-item=MOVeIT-10

**
CI: Confidence interval
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