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Abstract

:

Stereotypies are among the core symptoms of Autism spectrum disorder (ASD) and can cause significant clinical impairment. At present, phonic stereotypies in ASD have been scarcely explored. This study investigates the frequency, variability, and typologies of phonic and motor stereotypies in children with ASD and their association with clinical neurological variables. We examined 35 patients by recording standardized video sessions and administering the Autism Diagnostic Observation Schedule-Second Edition (ADOS-2). Phonic stereotypies were present in 83.0% of the patients. The most prevalent subtypes were noncommunicative vocalizations (60.0%), single syllables (37.1%), and echolalic stereotypies (22.9%). Noncommunicative vocalizations were more frequent in nonverbal patients (OR = 4.629, p = 0.008), while echolalic stereotypies were more represented in verbal patients (OR = 0.279, p = 0.028). Patients with intellectual disability (ID) showed a higher number (F(1,26) = 9.406, p = 0.005) and variability (F(1,25) = 7.174, p = 0.013) of motor stereotypies, with a higher number (F(1,26) = 13.268, p = 0.005) and variability (F(1,26) = 9.490, p = 0.005) of stereotypies involving the head/trunk/shoulders category. Patients with guttural stereotypies showed a higher variability of total motor stereotypies (OR = 1.487, p = 0.032) and self-directed motor stereotypies (OR = 4.389, p = 0.042). These results, combined with a standardized video-analysis, document the frequency and variability of phonic stereotypies among children with ASD. Correlations between specific phonic stereotypies and verbal abilities should be investigated further.
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1. Introduction


Stereotypies are a defining feature of Autism spectrum disorder; they manifest themselves as bodily movements, called motor stereotypies, or production of sounds, called phonic stereotypies [1]. Motor stereotypies are predictable and non-goal directed movement patterns, which are repeated continuously for a period in the same form and on multiple occasions and are frequently distractible. They tend to appear when the child is focused on an activity or during periods of boredom, anxiety, excitement, or fatigue [2,3,4,5]. Phonic stereotypies range from repetition of simple vocalizations to the purposeless emission of more complex sounds, such as words or phrases [6,7].



Motor stereotypies and phonic (vocal) stereotypies have been described in children with Autism spectrum disorder (ASD) and are one of the core symptoms of ASD [8], along with restricted interests and activities [9]. However, they are not pathognomonic of ASD, as they can also be observed in children with intellectual disability, sensory deprivation [10], or even in typically developing (TD) children [2]. A recent systematic review indicates the presence of motor stereotypies in 88% of patients with ASD [11]. Regarding the prevalence of phonic stereotypies, we do not have definitive data due to the variability of its definition [7].



Based on the presence or absence of other developmental problems, stereotypies are subclassified into primary (physiological) and secondary (associated with neurological or psychiatric conditions or sensory impairment) categories [12].



Regarding the specific conditions that may be present with secondary stereotypies, these symptoms are common in fragile X syndrome (FXS), with and without ASD; ASD is common in males with FXS as well. Testing for fragile X syndrome (FXS) is among the genetic, neurological, and psychiatry practice parameters for the assessment of stereotypies [13,14].



The pathophysiology underlying these repetitive behaviors remains largely unknown; reasons advanced for their manifestation range from psychological factors to neurobiological abnormalities. While psychological factors cannot be ruled out as contributing to these behaviors, it has largely been demonstrated that biological abnormalities, including neurochemical, anatomical, and genetic factors, play a significant role in their occurrence [15].



Regarding motor stereotypies, several studies have found a correlation between the quantity and intensity of motor stereotypies and the severity of the clinical picture. Goldman and collaborators observed that children with autism tend to show higher rates and more types of motor stereotypies than impaired children without autism. They also found a positive correlation with the severity of the clinical picture, that is, with the highest occurrence of repetitive behaviors when both autism and intellectual disability are present. This association was observed to be stronger in females [16]. Moreover, self-injurious stereotypies appear to be more common in patients with ASD compared to controls with typical development (TD). When ASD is comorbid with intellectual disability, self-injurious stereotypies are especially more frequent [17].



As for phonic stereotypies, fewer clinical descriptions are present in literature. In a study by Mayes and Calhoun, parents reported that 85% of 777 children with autism presented atypical, repetitive vocalizations or speech [18]. MacDonald and colleagues compared the duration of vocal stereotypies among TD children with and without ASD, documenting an increased number of vocal stereotypies in children with ASD and longer stereotypies more frequent in older children [19]. Van Santen and colleagues investigated repetitive speech in ASD and TD children and distinguished between self-repeats (repetitions of sounds produced by the child him/herself) and echolalia (repetition of what is uttered by an interlocutor). The authors found a higher presence of echolalia in ASD children, while no difference was reported for self-repeats between the two groups [7]. It is relevant to note that some authors have recently questioned the understanding of phonic stereotypies as mere deficits, suggesting a possible role of these symptoms in the communication patterns adopted by children with ASD [20].



The accurate categorization of vocal behaviors in infants and children with ASD represents a relevant clinical issue, since they may serve as early diagnostic markers of autism [21].



The literature provides little information on the relationship between motor and phonic stereotypies. A relevant study on this topic is a retrospective chart review by Gosh and colleagues, comparing motor and phonic stereotypies in TD and ASD children. Stereotypies were more frequently movement-related than voice-related in each group. Phonic stereotypies were more represented in ASD than in TD children, with 57% vs. 11% of patients presenting both phonic and motor stereotypies. Interestingly, the authors of this study did not find any patients exhibiting only phonic stereotypies. Another significant result is that none of the patients presented a combination of complex phonic/simple motor stereotypies. This study classified phonic stereotypies as “simple” and “complex” but did not provide a description for different types of phonic stereotypies [1].



Despite their clinical relevance for the identification and classification of stereotypies in patients with ASD, studies on these phenomena are rarely represented in literature. This is particularly true for phonic stereotypies [21]. Technical considerations, such as poor-quality audio or difficulties in having children with ASD to fix the video-camera, have been indicated as possible reasons [16].



The aim of this study is to provide a clinical description of motor and phonic stereotypies—especially the latter—in a sample of children with ASD and to investigate possible correlations between these symptoms and clinical neurological features. We suggest that a greater frequency of phonic stereotypies may correlate with a greater prevalence of motor stereotypies and with impairments in multiple clinical neurological domains.




2. Materials and Methods


2.1. Participants


Participants were recruited among children of up to 18 years of age who were evaluated at our hospital unit between 2014 and 2017 and who received a diagnosis of ASD according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria. Parents gave informed consent to the processing of personal data at the time of the clinical evaluation; approval by the local ethical committee was also obtained (Comitato Etico Indipendente Azienda Ospedaliero-Universitaria di Bologna, Policlinico Sant’Orsola—Malpighi n°346/2017/O/OssN). The diagnosis was performed by clinicians with expertise in ASD (EL, AP), who individually examined all patients, and was backed by two trained psychologists (MA, VP) through the administration of the Autism Diagnostic Observation Schedule-Second Edition (ADOS-2). Each child was administered the ADOS-2 in the same room as the previous examinations. During the administration of the ADOS-2, videos were also recorded as part of the evaluation’s protocol normally followed in our unit. When Asperger’s syndrome was suspected, the Australian Scale for Asperger’s Syndrome (ASAS) was also administered.



Every child underwent EEG examination, brain MRI, and genetic testing (CGH array) as part of the normal ASD assessment protocol. EEG results were classified into “positive” (asymmetry of background activity or presence of epileptiform abnormalities) and “negative” (absence of both asymmetry of background activity and epileptiform abnormalities). Brain MRI results were classified into “positive” (evidence of brain malformations or signs of previous cerebrovascular injuries) and “negative” (absence of both brain malformations and signs of previous cerebrovascular injuries). Genetic tests for FXS were not systematically performed in this sample.



Cognitive and psychomotor levels were assessed with specific scales according to the age of the participants (The Bayley Scales of Infant and Toddler Development, 3rd edition; The Wechsler Preschool and Primary Scale of Intelligence, 3rd edition; and The Wechsler Intelligence Scale for Children, 4th edition). Twenty children (6 females, 14 males) showed various degrees of intellectual disability; 11 children (3 females, 8 males) had a normal cognitive development. In 4 cases (all males), the cognitive level was not available. Twenty-three children (4 females, 19 males) had verbal communication limited to one word or spoke no words at all. For these reasons, they were considered “nonverbal”. No participant was on medication at the time of the video recording.




2.2. Study Design


The study was designed as a single-center, observational and retrospective study.




2.3. Procedures


The first 15 min of each archived video were considered. The quantity of phonic and motor stereotypies and the parts of the body that these involved were scored by two experienced clinicians (EL, AP).



The examiners scored as motor stereotypy any apparently purposeless repetitive movement that they observed at least twice non-contiguously. Motor stereotypies were categorized following the classification developed by Goldman and collaborators [16]. According to this classification, the following mutually exclusive categories were considered for motor stereotypies: face (grimacing, lips, tongue movements, opening of the mouth), head/trunk/shoulders (head tilting, shaking, nodding; body rocking, bending, scrunching; arching the back; shrugging the shoulders), arm/leg (flapping, crossing the arms on the chest, stamping the feet), hand/finger (shaking, tapping, waving, clapping, opening-closing, twirling the hand or fingers), hand/finger with object (shaking, tapping, twirling an object), gait (pacing, jumping, running, skipping, spinning), self-directed (covering the ears, mouthing, smelling, rubbing the eyes, tapping the chin, banging the arms against the body, slapping oneself or an object or a surface, and touching the genitals), and lateral-gaze stereotypies (looking at objects or fingers ‘out of the corner of one’s eye’). The clinicians assigned each observed stereotypy to one of the eight types and counted the number of types for each child to assess the variability of the stereotypies.



The examiners scored as a phonic stereotypy any instance in which the child expressed an apparently purposeless sound and repeated it at least twice.



Since a validated classification system does not exist for phonic stereotypies, we reviewed existing literature [7,22,23,24,25] to extract clinical descriptions of phonic stereotypies and classify them according to their increasing complexity. As a result, we considered the following subgroups: single phonemes (e.g., “mmm”), guttural sounds, noncommunicative vocalizations, syllables, echolalic stereotypies, and complex stereotypies (e.g., complex sounds or short songs). Given the relatively small dimensions of the room where the videos were recorded and the good sound quality of the recording, we are confident that our results are not linked to the quality of the audio recording. Variability of stereotypies was assessed as the total number of qualitatively different stereotypies in a subclass of stereotypies (e.g., motor stereotypies).



All the videos were examined independently by each of the two examiners.




2.4. Statistical Analysis


Descriptive analyses for demographics, clinical variables, and stereotypies were performed. Chi-square and Fisher’s exact tests were used to assess correlations between clinical variables and the presence of stereotypies. Student t-tests and Mann–Whitney tests were used to investigate possible differences concerning the number and variability of stereotypies between selected clinical subgroups. Shapiro–Wilk and Levene tests were used to assess normality of data distribution and homogeneity of variance. Based on significant correlation coefficients between clinical variables and stereotypies, logistic regressions and analyses of covariance (ANCOVA) were conducted to identify specific contributions of different factors, adjusting for sex and age. Statistical analyses were conducted using JASP, version 0.14.1 for Windows. The adopted alpha error rate was 0.05 (two-tailed), with conservative statistical power of 95%.





3. Results


3.1. Demographics and Clinical Variables


Thirty-five patients were enrolled in this study, 26 males and 9 females, aged between 1 and 11 years (mean age 4.32 +/− 2.39 years). Twenty-eight children were affected by an idiopathic ASD (2 of them had Asperger’s syndrome), while in 7 cases, a specific clinical syndrome or a genetic mutation was present (1 Turner syndrome, 1 Down syndrome, 1 Noonan syndrome, 1 fetal alcohol syndrome, 1 Rett syndrome, 1 carried a dupXp22.2, and 1 carried a dup19p13.12).



Demographic data and frequency measures are reported in Table 1. Female patients presented a higher frequency of cognitive impairment (CI) (p = 0.038). The presence of verbal language was not significantly related either to sex or to the presence or absence of CI. The inter-rater reliability Cohen’s Kappa ranged from K = 0.75 (for phonic stereotypies) to K = 0.85 (for motor stereotypies), indicating consistency and agreement between the observations and evaluations of the two clinicians who scored the videos.




3.2. Quantity, Variability, and Correlations of Phonic Stereotypies


Twenty-nine children (83.0%) exhibited phonic stereotypies during the recording time. The frequency and types of phonic stereotypies are reported in Table 2. The presence and variability of phonic stereotypies considered as a broad category and of specific phonic stereotypies were not significantly correlated with the presence or absence of CI, syndromic etiology, or sex. EEG and brain MRI abnormalities were not associated with differences in phonic stereotypies manifestation.



The presence of phonic stereotypies as a broad category and their total number and variability were not correlated with the presence of verbal language. In considering specific phonic stereotypies, noncommunicative vocalizations were more prevalent in nonverbal patients (OR-adjusted = 4.629, 95% confidence interval 0.408–2.657, p = 0.008), while echolalic stereotypies were more represented in verbal patients (OR-adjusted = 0.279, 95% confidence interval −2.348–−0.136, p = 0.028).




3.3. Quantity, Variability, and Correlations of Motor Stereotypies


Frequency and types of motor stereotypies are reported in Table 2. Thirty-four (97.0%) out of the 35 children considered in this study showed at least one type of motor stereotypy during video recording.



As for motor stereotypies as a broad category, CI was significantly correlated to a higher number (F(1,26) = 9.406, p = 0.005) and variability (F(1,25) = 7.174, p = 0.013) of motor stereotypies.



As for specific motor stereotypies, children with CI showed a higher number (F(1,26) = 13.268, p = 0.005) and variability (F(1,26) = 9.490, p = 0.005) of stereotypies involving the head/trunk/shoulders category. CI was not significantly related to the total number or variability of face, arm/leg, hand/finger, hand/finger with object, gait, self-directed, and visual stereotypies.




3.4. Phonic and Motor Stereotypies—Differences between Subgroups


Guttural stereotypies were significantly more frequent among children with a higher variability of total motor stereotypies (OR-adjusted = 1.487, 95% confidence interval 0.034–0.760, p = 0.032) and with self-directed motor stereotypies (OR-adjusted = 4.389, 95% confidence interval 0.056–2.902, p = 0.042). No significant differences were found between the remaining phonic and motor stereotypies. Visual/gaze stereotypies were more frequent among children with a smaller presence (OR = 0.753, 95% confidence interval 0.021–2.896, p = 0.047) of phonic stereotypies.





4. Discussion


Our study reports on the clinical variability of phonic and motor stereotypies in a sample of children with ASD. This has been the first study to investigate different neurological characteristics between patients with and without specific phonic stereotypies and to document, with video analysis, the frequency of specific phonic stereotypies subtypes in a population of patients with ASD. Standardized video-analyses have been successfully used in the assessment and treatment of other neurodevelopmental disorders, such as Rett Syndrome, and may help recognize and classify different types of stereotypies [22]



4.1. Phonic Stereotypies


Scientific literature lacks a validated classification for phonic stereotypies. Nonetheless, a series of studies have provided clinical descriptions of these symptoms. We list here some of the characterizations that we found in selected works on this topic: repetitive sounds, repetitive words, repetitive phrases [23], echolalia, and self-repetitions [7]; non-verbal vocalizations or vocal stimming [24]; repetitive multiple syllable sounds, repetition of phrases, delayed echolalia [25]; tics and tic-like vocalizations, vocalizations as part of stereotypies, vocalizations as part of dystonia or chorea, continuous vocalizing behaviors such as groaning or grunting, pathological laughter and crying, and vocalizations resembling physiological reflexes [26]. We have taken clinical descriptions of phonic stereotypies from these articles and have organized them according to their increasing complexity.



Among our patients, 83.0% presented phonic stereotypies. This result is significantly greater if compared to the findings reported by one of the few studies investigating this topic [1]. Notably, the group of 28 patients with neurodevelopmental disorders considered in the study of Ghosh and collaborators revealed a total frequency of phonic stereotypies equal to 57%. However, that group included only 6/28 patients with autism and 1/28 patient with Asperger syndrome. Given the markedly mixed composition of that group, it is difficult to establish a direct comparison.



In our sample, noncommunicative vocalizations were the most frequent type of phonic stereotypies (60.0%) and were significantly more prevalent among non-verbal patients. According to the results reported in previous research, noncommunicative vocalizations in four patients with language impairment were responsive to a specific behavioral treatment [27].



Echolalic stereotypies were considerably represented in our population (22.9%) and significantly more present in verbal patients. This apparently intuitive finding is in contrast with previous research showing echolalia to be almost equally present among patient with ASD with and without language impairment [7]. Concerning guttural sounds, a frequency of 20.0% was documented in our population. Notably, guttural sounds were significantly more prevalent in patients with a greater number of self-directed stereotypies and greater variability of motor stereotypies, which suggests that they may be associated with more complex clinical pictures.



Despite the great frequency of phonic stereotypies in our sample, we could not link their comprehensive presence to any of the clinical features that we took into consideration.




4.2. Motor Stereotypies


Thirty-four out of 35 patients (97.2%) displayed at least one type of motor stereotypy. The cited study of Goldman and collaborators [16] found a lower frequency of motor stereotypies among patients with low-functioning ASD (70.6%) and high-functioning ASD (63.6%). However, the authors analyzed videotapes that were recorded between 1985 and 1988 and were characterized by poor audio and reproduction of facial stereotypies. Thus, differences in the video-analyses could be partially responsible for the dissimilar frequency of stereotypies documented in their and our study.



Our study confirms the association between the severity of the clinical picture and the frequency and repertoire of repetitive motor behaviors already described in the literature [15]. In fact, we found that children with ASD and CI exhibited higher rates and a broader repertoire of repetitive movements than children with ASD without CI. When ASD is associated with CI, a greater disruption of the neurochemical transmission and of the normal neural circuit function is to be expected. This could explain the higher frequency and variability of repetitive patterns of motor behaviors observed in these children [2]. Cognitive impairment was significantly correlated with the higher number and variability of stereotypies in the head/trunk/shoulders categories (p = 0.005).



Interestingly, we found that 40% of children manifested atypical staring at fingers or objects. Discording opinions are reported in literature: some describe these stereotypies as typical of children with ASD [16]; others show that this is not always the case [28]. Nonetheless, the age of the patients enrolled in the study of Baranek (9–12 months) vary considerably from the mean age in our study (4.32 years) and in the one of Goldman and colleagues (4 years, 11 months). We hypothesize that a lower frequency of staring stereotypies in the study of Baranek could partially be due to a significantly lower mean age of the sample.



We did not find a significant difference between children with or without CI in terms of self-directed stereotypies. Self-injurious behaviors are normally associated with severe intellectual disability as well as autism, and their frequency is greater among children with both ASD and CI [17,29]. In our study, no self-directed repetitive movement was self-injurious, and we believe that it is for this reason that we did not find any difference between the two subgroups.




4.3. Future Directions and Limitations


Our results suggest that the clinical observation of repetitive motor behaviors exhibited by children with ASD may provide clues to the severity of their clinical picture and lead to an evaluation of cognitive impairment or a secondary cause of autism. The understanding of the mechanisms that give rise to behavioral stereotypies is particularly important when they become self-injurious or socially disruptive, requiring an intervention to control and reduce them.



Even though our study presents a few limitations, such as its retrospective nature and the lack of a control population, it also builds on strong points. First, the two clinicians who performed the scoring (EL and AP) watched all the videos independently, with an acceptable inter-rater reliability. The use of videos, recorded in a clinical and standardized evaluation setting, made it possible to maximize the reproducibility of the results. Second, the use of recorded videos to describe the clinical appearance of stereotypies allowed for greater accuracy than the reliance on parental questionnaires. This is especially true when videos are recorded in standardized settings to minimize environmental biases [30]. Third, few studies so far have considered both motor and phonic stereotypies as our research does. A limitation of this study is the lack of systematic testing for FXS. Since stereotypies are frequent in FXS with and without ASD, future studies should add this test to the assessment protocol. Moreover, the lack of a validated classification for phonic stereotypies in literature represents a limitation not only for this study but also for all the works concerning stereotypies in ASD; thus, further research should verify and expand our results in wider populations.





5. Conclusions


Standardized video-analyses may help recognize and classify different types of stereotypies. Phonic stereotypies represent a relevant clinical expression of ASD. Valuable differences in the presentation of specific phonic stereotypies between patients with and without the development of a structured language emerged in our sample. Furthermore, patients with a comorbid CI showed a greater expression of motor stereotypies. These differences were independent of the age and sex of the patients. Additional studies are needed to investigate the relationship between presence of stereotypies and developmental status in children with ASD.







Author Contributions


Conceptualization, A.P., E.L., and J.P.; methodology, J.P.; software, E.L., V.P., and M.A.; validation, L.S. and A.P.; formal analysis, E.L. and J.P.; investigation, E.L., I.G., C.S., V.P., and M.A.; resources, I.G. and C.S.; data curation, E.L. and J.P.; writing—original draft preparation, E.L., I.G., C.S., and J.P.; writing—review and editing, A.P., L.S., and E.F.; visualization, A.P., L.S., and E.F.; supervision, A.P., L.S., and E.F.; project administration, A.P.; funding acquisition, A.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research and the APC were funded by a private donor (Renato Vailati).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of Azienda Ospedaliero—Universitaria di Bologna, Policlinico Sant’Orsola-Malpighi (protocol code n°346/2017/O/OssN).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The datasets used and analyzed during the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest. The donor had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Ghosh, D.; Rajan, P.V.; Erenberg, G. A Comparative Study of Primary and Secondary Stereotypies. J. Child. Neurol. 2013, 28, 1562–1568. [Google Scholar] [CrossRef]

	



Singer, H.S. Motor Stereotypies. Semin. Pediatric Neurol. 2009, 16, 77–81. [Google Scholar] [CrossRef]

	



Edwards, M.J.; Lang, A.E.; Bhatia, K.P. Stereotypies: A Critical Appraisal and Suggestion of a Clinically Useful Definition. Mov. Disord. 2012, 27, 179–185. [Google Scholar] [CrossRef]

	



Lidstone, J.; Uljarević, M.; Sullivan, J.; Rodgers, J.; McConachie, H.; Freeston, M.; Le Couteur, A.; Prior, M.; Leekam, S. Relations among Restricted and Repetitive Behaviors, Anxiety and Sensory Features in Children with Autism Spectrum Disorders. Res. Autism Spectr. Disord. 2014, 8, 82–92. [Google Scholar] [CrossRef]

	



Melo, C.; Ruano, L.; Jorge, J.; Pinto Ribeiro, T.; Oliveira, G.; Azevedo, L.; Temudo, T. Prevalence and Determinants of Motor Stereotypies in Autism Spectrum Disorder: A Systematic Review and Meta-Analysis. Autism 2020, 24, 569–590. [Google Scholar] [CrossRef]

	



Sterponi, L.; Shankey, J. Rethinking echolalia: Repetition as interactional resource in the communication of a child with autism. J. Child Lang. 2014, 41, 275–304. [Google Scholar] [CrossRef] [PubMed]

	



van Santen, J.P.H.; Sproat, R.W.; Hill, A.P. Quantifying Repetitive Speech in Autism Spectrum Disorders and Language Impairment: Repetitive Speech in ASD and SLI. Autism Res. 2013, 6, 372–383. [Google Scholar] [CrossRef] [PubMed]

	



Parmeggiani, A.; Corinaldesi, A.; Posar, A. Early Features of Autism Spectrum Disorder: A Cross-Sectional Study. Ital. J. Pediatr. 2019, 45, 144. [Google Scholar] [CrossRef]

	



American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association: Arlington, VA, USA, 2013; ISBN 978-0-89042-555-8. [Google Scholar]

	



Bos, K.J.; Zeanah, C.H.; Smyke, A.T.; Fox, N.A.; Nelson, C.A., 3rd. Stereotypies in children with a history of early institutional care. Arch. Pediatrics Adolesc. Med. 2010, 164, 406–411. [Google Scholar] [CrossRef] [PubMed]

	



Chebli, S.S.; Martin, V.; Lanovaz, M.J. Prevalence of Stereotypy in Individuals with Developmental Disabilities: A Systematic Review. Rev. J. Autism Dev. Disord. 2016, 3, 107–118. [Google Scholar] [CrossRef]

	



Muthugovindan, D.; Singer, H. Motor Stereotypy Disorders. Curr. Opin. Neurol. 2009, 22, 131–136. [Google Scholar] [CrossRef] [PubMed]

	



Budimirovic, D.B.; Haas-Givler, B.; Blitz, R.; Esler, A.; Kaufmann, W.; Sudhalter, V.; Stackhouse, T.; Scharfenaker, S.; Berry-Kravis, E. Consensus of the Fragile X Clinical and Research Consortium on Clinical Practices: Autism Spectrum Disorder in Fragile X Syndrome; National Fragile X Foundation Website: McLean, VA, USA, 2014; pp. 1–15. [Google Scholar]

	



Budimirovic, D.B.; Subramanian, M. Neurobiology of autism and intellectual disability: Fragile X syndrome. In Neurobiology of Disease, 2nd ed.; Johnston, M.V., Ed.; Oxford University Press: New York, NY, USA, 2016; Chapter 52; pp. 375–384. [Google Scholar]

	



Péter, Z.; Oliphant, M.E.; Fernandez, T.V. Motor Stereotypies: A Pathophysiological Review. Front. Neurosci. 2017, 11. [Google Scholar] [CrossRef]

	



Goldman, S.; Wang, C.; Salgado, M.W.; Greene, P.E.; Kim, M.; Rapin, I. Motor Stereotypies in Children with Autism and Other Developmental Disorders. Dev. Med. Child Neurol. 2009, 51, 30–38. [Google Scholar] [CrossRef] [PubMed]

	



Ghanizadeh, A. Clinical Approach to Motor Stereotypies in Autistic Children. Iran J. Pediatr. 2010, 20, 149–159. [Google Scholar] [PubMed]

	



Mayes, S.D.; Calhoun, S.L. Impact of IQ, age, SES, gender, and race on autistic symptoms. Res. Autism Spectrum Disord. 2011, 5, 749–757. [Google Scholar] [CrossRef]

	



MacDonald, R.; Green, G.; Mansfield, R.; Geckeler, A.; Gardenier, N.; Anderson, J.; Holcomb, W.; Sanchez, J. Stereotypy in young children with autism and typically developing children. Res. Dev. Disabil. 2007, 28, 266–277. [Google Scholar] [CrossRef]

	



Sterponi, L.; de Kirby, K.; Shankey, J. Rethinking language in autism. Autism 2015, 19, 517–526. [Google Scholar] [CrossRef]

	



Yankowitz, L.D.; Schultz, R.T.; Parish-Morris, J. Pre- and Paralinguistic Vocal Production in ASD: Birth Through School Age. Curr. Psychiatry Rep. 2019, 21, 126. [Google Scholar] [CrossRef]

	



Marschik, P.B.; Sigafoos, J.; Kaufmann, W.E.; Wolin, T.; Talisa, V.B.; Bartl-Pokorny, K.D.; Budimirovic, D.B.; Vollman, R.; Einspieler, C. Peculiarities in the gestural repertoire: An early marker for Rett syndrome? Res. Dev. Disabil. 2012, 33, 1715–1721. [Google Scholar] [CrossRef]

	



Temudo, T.; Oliveira, P.; Santos, M.; Dias, K.; Vieira, J.; Moreira, A.; Calado, E.; Carrilho, I.; Oliveira, G.; Levy, A.; et al. Stereotypies in Rett syndrome: Analysis of 83 patients with and without detected MECP2 mutations. Neurology 2007, 68, 1183–1187. [Google Scholar] [CrossRef]

	



Min, C.H.; Fetzner, J. Vocal Stereotypy Detection: An Initial Step to Understanding Emotions of Children with Autism Spectrum Disorder. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. 2018, 2018, 3306–3309. [Google Scholar] [CrossRef] [PubMed]

	



Healy, O.; Lydon, S.; Brady, T.; Rispoli, M.; Holloway, J.; Neely, L.; Grey, I. The Use of Differential Reinforcement of Other Behaviours to Establish Inhibitory Stimulus Control for the Management of Vocal Stereotypy in Children with Autism. Dev. Neurorehabil. 2019, 22, 192–202. [Google Scholar] [CrossRef]

	



Mainka, T.; Balint, B.; Gövert, F.; Kurvits, L.; van Riesen, C.; Kühn, A.A.; Tijssen, M.A.J.; Lees, A.J.; Müller-Vahl, K.; Bhatia, K.P.; et al. The spectrum of involuntary vocalizations in humans: A video atlas. Mov. Disord. 2019, 34, 1774–1791. [Google Scholar] [CrossRef]

	



Ahearn, W.H.; Clark, K.M.; MacDonald, R.P.F.; Chung, B.I. Assessing and treating vocal stereotypy in children with autism. J. Appl. Behav. Anal. 2007, 40, 263–275. [Google Scholar] [CrossRef] [PubMed]

	



Baranek, G.T. Autism during infancy: A retrospective video analysis of sensory-motor and social behaviors at 9-12 months of age. J. Autism Dev. Disord. 1999, 29, 213–224. [Google Scholar] [CrossRef]

	



Symons, F.J.; Sperry, L.A.; Dropik, P.L.; Bodfish, J.W. The Early Development of Stereotypy and Self-Injury: A Review of Research Methods. J. Intellect Disabil. Res. 2005, 49, 144–158. [Google Scholar] [CrossRef] [PubMed]

	



Goldman, S.; Greene, P.E. Stereotypies in Autism: A Video Demonstration of Their Clinical Variability. Front. Integr. Neurosci. 2013, 6. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Demographic and main clinical variables of the sample.






Table 1. Demographic and main clinical variables of the sample.





	
Variables

	
Subtypes

	
Frequency






	
Gender

	
Male

	
26 (74.3%)




	
Female

	
9 (25.7%)




	
Etiology

	
Idiopathic

	
28 (80.0%)




	
Syndromic

	
7 (20.0%)




	
Cognitive impairment (CI)

	
Yes

	
11 (31.4%)




	
No

	
20 (57.1%)




	
Nonvaluable

	
4 (11.4%)




	
Language development

	
Verbal

	
12 (34.3%)




	
Nonverbal

	
23 (65.7%)
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Table 2. Frequency and types of phonic and motor stereotypies.






Table 2. Frequency and types of phonic and motor stereotypies.











	Categories of

Phonic Stereotypies
	Frequency
	Categories of Motor

Stereotypies
	Frequency





	Phonic—total
	83.0%
	Motor—total
	97.2%



	Single phonemes
	11.4%
	Face
	42.9%



	Noncommunicative vocalizations
	60.0%
	Head/trunk/shoulders
	54.3%



	Syllables
	37.1%
	Hand/finger
	34.3%



	Echolalic stereotypies
	22.9%
	Hand/finger with object
	54.3%



	Complex sounds
	11.4%
	Arm/leg
	57.1%



	
	
	Gaze
	37.1%
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