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Abstract: The aim of this study is to compare the performances of patients with Rett syndrome that 

were undergoing advanced telerehabilitation (ATR) and patients that were undergoing basic tele-

rehabilitation (BTR). It was hypothesized that patients that were undergoing ATR training would 

have better improvement in nearly all the motor and cognitive scale scoring activities that were 

administered, thus showing reduced disability. A total of 20 young girls and women with a diag-

nosis of RTT, ranging from age 4 to 31 years old (Median: 12.50; IQR: 9.50–17.25) underwent a pre-

test, treatment post-test 1, treatment, and post-test 2 procedure. The treatment consisted of either 

ATR or BTR, lasting 10 weeks with three sessions a week of about an hour. The results showed that 

the group with advanced telerehabilitation improved their performance better than the control 

group only in some neuropsychological measurements. The results are discussed in the light of 

critical factors of telerehabilitation. 

Keywords: Rett Syndrome; telerehabilitation; telemedicine; multiple disabilities; human-computer 

interaction 

 

1. Introduction 

Telerehabilitation (TR) is the delivery of rehabilitation and therapeutic services with 

the support of various technologies, such as videos, websites, computer programs, and 

videoconferencing platforms [1]. TR also refers to the use of information and communi-

cation technologies (ICT) to provide rehabilitation services remotely to people at home or 

in other remote locations [2]. Such services include therapeutic interventions, remote 

monitoring of progress, education, consultation, and training [3]. 

The rapid evolution of technology has allowed health professionals to provide 

healthcare services in new and different applications. Consequently, different technolo-

gies are used in the TR interventions: from common, basic tools (i.e., phone, videoconfer-

ence) to more advanced devices (i.e., wearable sensors, 3D camera, eye tracker, and virtual 

reality) [4]. Essentially, TR applications can be divided into two main strands: basic appli-

cations include telephone- or videoconference-based assessment, treatment, and manage-

ment services; advanced applications include two-way real-time interaction visits with 

live audio and video, asynchronous e-visits, and virtual reality [4]. 
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The type of technology that is used in TR interventions can both negatively and pos-

itively influence the effectiveness of TR; for example, basic telerehabilitation technology, 

such as a video conferencing system, has been found difficult to use for people who typi-

cally do not use this type of technology [5,6]. In contrast, some studies have demonstrated 

that advanced technologies together with TR applications can obtain better results [7,8]. 

TR has been used in different clinical fields [9,10]. Concerning the field of neurode-

velopmental disorders (NDDs), a recent systematic review has identified three categories 

of technology that are used in TR interventions for children with NDDs: integrated sys-

tems, games-based technologies, and video-based technologies [11]. This review has 

demonstrated that TR is an effective tool in improving the adaptive skills of children with 

NDDs. Moreover, literature show that TR can be a promising intervention for children 

with neurological diseases [12] as well as for the treatment of motor [13,14], cognitive [15], 

and language disorders [3,16–21]. Another recent review [22] has shown evidence of the 

efficacy of providing TR interventions to parents and children with NDDs. It has also 

highlighted that it is necessary to understand what is suitable for clinical adoption among 

the different technologies. Another review reported that the benefits of advanced TR in-

clude more real-life support for rehabilitation, major reduction of burden on parents, con-

tinuous feedback to the child, and greater self-control of competence [23]. Moreover, it 

was found that the use of advanced TR is a promising approach for improving cognitive, 

motor, and linguistic abilities during the same session of treatment [23]. This is an im-

portant factor given that children with NDDs can show multiple disabilities. 

Taken together, the review studies on advanced TR evidenced the affordability, ef-

fectiveness, and suitability of the use of advanced technologies to improve cognitive, emo-

tional, motor, and adaptive skills of children and adolescents with NDD [24]. These prom-

ising results represent a solid theoretical background for the use of advanced technologies 

as unprecedented opportunities for supporting the implementation of TR services and the 

development of best practices for patients with NDDs. However, it is important to note 

that the application of both advanced and basic TR technologies to patients with cerebral 

palsy and rare genetic diseases (e.g., Rett Syndrome) has not been sufficiently investigated 

[24]. 

In particular, although the use of TR for NDDs has grown rapidly, few studies use 

TR intervention for children with Rett Syndrome (RTT) [20,25,26]. Probably, this can be 

related to the fact that RTT is a rare genetic disorder and it is also a heterogeneous syn-

drome with different levels of severity, including cognitive, language, motor deficits, neu-

rological, and behavioral impairments [27,28]. Moreover, patients with RTT show deficits 

in attention, so the educator or therapist has to provide intervention to stimulate the at-

tention of these patients and reduce stereotypies [29,30]. Given the complexity of RTT, 

treatments require a multidisciplinary team with specialists coming from different areas: 

medical, psychological, social, educational, and occupational, and are directed toward 

symptoms and providing support in different areas of daily life. Consequently, it can be 

difficult to develop a global intervention using TR that is aimed to treat different skills. 

According to previous results in NDDs [11,22,24], the use of TR also appears to be 

suitable for patients with RTT. The main aim of the present study is to determine whether 

the use of TR with advanced technology (ATR) in patients with RTT leads to greater (or 

equal) improvements in motor and cognitive functions than basic TR (BTR). 

The underlying logic is that the ATR system is equipped with support for eye-track-

ing so that both the therapist and caregiver can monitor the choices of the patient with 

high precision and rely on the support of video recordings and a 3D reconstruction in real-

time that are produced by applying computer vision and artificial intelligence (AI) tech-

niques. The therapist and the caregiver can also see the reconstructed patient’s skeleton 

superimposed onto the patient image in the video; together, these enrichments allow 

greater involvement on the part of therapists, caregivers, and patients. 

To achieve this aim, a cohort of patients with RTT were assigned to two groups that 

were matched for levels of severity and functional abilities: patients that were undergoing 



Int. J. Environ. Res. Public Health 2022, 19, 507 3 of 18 
 

 

advanced telerehabilitation (ATR) and patients that were undergoing basic telerehabilita-

tion (BTR). It was hypothesized that the patients that were undergoing ATR training 

would have greater improvement in nearly all the motor and cognitive scale scoring ac-

tivities that were administered, with reduced disability. More in-depth, we expected that: 

(1) the level of attention of the ATR group would increase with concomitant decreases of 

stereotypies and trainer interventions; (2) the basic behaviors-prerequisites area, neuro-

psychological area, basic cognitive area, advanced cognitive area, communication area, 

emotional area, hand motor area, graphomotor area, global motor area, and autonomy in 

daily life area, would all increase; (3) these improvements would have an impact also on 

the general scales that measure the level of severity of the disease and the level of func-

tional abilities. 

2. Materials and Methods 

2.1. Participants 

A total of 20 young girls and women with a diagnosis of RTT, ranging from age 4 to 

31 years old (Median: 12.50; IQR: 9.50–17.25) were recruited from the Italian Rett Associ-

ation (AIRETT). All the participants were born into non-consanguineous marriages. Reg-

ular immunizations had been carried out. At birth, the weight and height were all normal. 

The RTT patients were classified as clinical stage III (characterized by prominent hand 

apraxia/dyspraxia, apparently preserved ambulation ability, and some communicative 

ability, mainly eye contact) or stage IV (late motor deterioration, with progressive loss of 

ambulation ability), according to the criteria for classic RTT by Hagberg et al. [31]. All the 

participants showed pervasive hand stereotypies. All attended schools or socio-educa-

tional centers. A general assessment was carried out by a psychologist using the Vineland 

Adaptive Behavior Scale (VABS) [32] and the Rett Assessment Rating Scale (RARS) [33–

36]. Table 1 shows the characteristics of the groups.  

Table 1. Characteristics of participants. 

Participants Name 
Clinical 

Stage 
Age MeCP2 Mutation 

Level of 

Severity 

(RARS) 

Functional 

Ability Level 

ATR Group       

1 L.G IV 25 T158M 75.5 75 

2 L.A IV 25 T158M 75.5 75 

3 D.D IV 31 R306C  75 90 

4 C.A III 5 T158M 58 84 

5 A.C III 5 ---- 71 71 

6 C.L III 4 P152R 69.5 109 

7 F.D IV 18 T158M 64 136 

8 S.M III 14 T158M 62 91 

9 D.F IV 25 R255X 64 111 

10 C.M III 7 P322L 65.5 104 

11 S.D IV 15 P133C 72 151 
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BTR Group       

1 B.C III 5 R255X 71 75 

2 S.A III 10 P322L  75 108 

3 B.G IV 24 P152R 75 74 

4 G.L IV 10 R255X 75.5 84 

5 S.L IV 9 T158M  70 78 

6 B.A III 10 P152R 75 71 

7 P.V III 8 ---- 65.5 69 

8 L.M III 9 P322L 58 136 

9 M.S IV 24 T158M 64 110 

10 S.P IV 22 T158M 62 105 

The Mecp2 mutation was seen in most of the participants; specific mutations of the 

Mecp2 gene were: 40% showed T158M, 20% showed P322L, 15% showed R255X, and 15% 

showed P152R; for 10%, it was not possible to specify the type of Mecp2 gene mutation. 

With reference to the eligibility criteria of the participants from the Rett population, inclu-

sion criteria of the participants with Rett syndrome, are that they had to be able to stay 

seated to independently watch the presented stimuli or with some support. The exclusion 

criteria refer to patients with genetic mutations FOXG1 and CDKL5. 

The participants were matched for age, severity level of the disease, and functional 

ability level and randomly assigned to the ATR and BTR rehabilitation groups. 

We asked the reference neuropsychiatry of each patient to give a medical judgment 

of severity based on the typical characteristics of the syndrome (epilepsy, mood swings, 

convulsions, aerophagia, scoliosis). The severity level ranged from 5 (mild severity) to 20 

(severe severity). The mean severity index about the typical characteristics of the syn-

drome was 9. 

2.2. Study Design 

This study employed a pre-test, post-test 1, and post-test 2 design with two groups: 

the control group and the experimental group (Figure 1).  
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Figure 1. The study design with all phases. In ATR, the monitoring of the skeleton and eye-tracking 

are shown, while in the BTR group, only the video-call is shown. 

The former received evaluation and treatment with the use of BTR (a simple online 

Skype platform), whereas the latter received evaluation and treatment with the use of an 

ATR system that was equipped with enhanced tools to acquire eye-gaze data and a recon-

structed patient’s skeleton that was superimposed on the patient image in the video. In 

the pre-test phase, all the participants underwent a cognitive assessment to evaluate at-

tention, the intensity of stereotypies, the intensity of trainer aids, and global functioning 

before the treatment (cognitive empowerment): a total of ten of the patients were assessed 

with the traditional online system and ten with the ATR system. This same assessment 

was repeated once after treatment (post-test 1) after 5 weeks and once at 10 weeks after 

the conclusion of treatment (post-test 2). The scores that were obtained in the pre-test 

phase were compared with those that were observed in the post-test 1 assessment phase 

and post-test 2, to evaluate the effects of the intervention in the control group and the 

experimental group. To avoid subjective bias in the present study, blinded assessment 

was applied. One independent blinded investigator registered all the study outcomes in 

the three phases (Cohen's kappa was always higher than 0.86). 

2.3. Assessment and Measures 

As stated above, all A phases of this study consisted of a cognitive assessment in 

which a measured the attention span, intensity of stereotypies, Global Functioning Rett 

Scale [31], Vineland [32], and RARS [33] of the participants in both groups. In the controls, 

BTR was used, in the experimental group, ATR was used. 

2.3.1. Attention  

The attention measurements started when the patient looked at the object of focus as 

requested by the educator and continued until the patient looked away from the object or 

stared into space. The participant was asked to look at a picture of an object (food, familiar 

objects, or animals) that was presented on a computer screen without eye-tracking for the 

control group and with eye-tracking with the experimental group. The total time that was 

spent by the participant looking at the stimuli or correctly at the face of the therapist was 

considered the parameter (in seconds). 
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2.3.2. Type and Duration of Stereotypies 

These data were recorded in a free and unstructured examination during a prelimi-

nary observation session lasting 5 min which was video recorded with a video camera. 

The therapists coded the data regarding the presence of stereotypies and counted the 

numbers of stereotypies during a 5 min period and registered the type of stereotypies. 

2.3.3. Global Evaluation 

The Vineland Adaptive Behavior Scales-Interview second edition (VABS) and the 

Rett Assessment Rating Scales (RARS) were used. VABS is subdivided into four domains: 

communication, daily living, socialization, and motor skills. The interviewer asks general 

questions about the patient’s functioning in each domain and uses the responses to rate 

the participant on each critical behavior item (2: always present, 1: sometimes present, 0: 

seldom or never present). Typical interviews require approximately one hour. A total 

score is computed by summing the individual ratings for each scale, named the Vineland 

composite scores. The reliability of VABS was established as follows: split-half, 0.73–0.93 

for the communication domain, 0.83–0.92 for daily living skills, 0.78–0.94 for socialization, 

0.70–0.95 for motor skills, 0.84–0.98 for adaptive behavior composite, and 0.77–0.88 for 

maladaptive behavior (survey form) (0.80 and 0.90 for the Survey Form). The interrupter 

reliability coefficients for the survey and expanded forms ranged from 0.62 to 0.75. The 

standard error of measurement ranged from 3.4 to 8.2 over the four domains, and from 

2.2 to 4.9 for the Adaptive Behavior Composite, on the survey form.  

RARS is a standardized scale that is used to evaluate patients with RTT. It is orga-

nized into seven domains: cognitive, sensorial, motor, emotional, autonomy, typical char-

acteristics of the disease, and behavior. Typical characteristics of the disease and behavior 

domains measure the following characteristics: mood swings, convulsions, dyspnea, hy-

per-activity, anxiety, aggressivity, bruxism, oculogyric crises, epilepsy, aerophagia, mus-

cle tension, and food preferences. A total of 31 items was generated as representative of 

the profile of RTT. Each item is provided with a brief glossary explaining its meaning in a 

few words. Each item is rated on a 4-point scale, where 1 = within normal limits, 2 = infre-

quent or low abnormality, 3 = frequent or medium-high abnormality, and 4 = strong ab-

normality. Intermediate ratings are possible; for example, an answer between 2 and 3 

points is rated as 2.5. For each item, the evaluator circles the number corresponding to the 

best description of the patient. After a patient has been rated on all 31 items, a total score 

is computed by summing the individual ratings. This total score allows the evaluator to 

identify the level of severity of RTT, conceptualized as a continuum ranging from mild 

symptoms to severe deficits (Mild = 0–55; Moderate = 56–81; Severe = >81).  

RARS was established by a standardization procedure involving a sample of 220 pa-

tients with RTT, proving that the instrument is statistically valid and reliable. More pre-

cisely, normal distribution analyses of the scores were computed and the mean scores of 

the scale were similar to the median and the mode. The skewness and kurtosis values, 

calculated for the distribution of the total score, were 0.110 and 0.352, respectively. The 

distribution was found to be normal. Cronbach’s alpha is used to determine the internal 

consistency for the whole scale and sub-scales. The total alpha was 0.912, and the internal 

consistency of the sub-scales is high (from 0.811 to 0.934). GAIRS [30] is a global assess-

ment and intervention rating scales checklist for Rett syndrome coming from the items of 

assessment in multi-disability disorders [17,27,33–35,37–39] that was adapted for Rett syn-

drome. Through a global analysis, it gives an overview of the different areas and is in-

tended for use in the functional analysis of the overall abilities of the patient. The GAIRS 

checklist is composed of 10 macro-areas: basic or pre-requisite behavior, neuropsycholog-

ical abilities, basic cognitive concepts, advanced cognitive concepts, communication abil-

ities, emotional- affective abilities, hand motor skills, graphomotor skills, global motor 

abilities, and the level of autonomy in daily life. The 10 areas are described in Table 2.  
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Table 2. Description of GAIRS checklist areas. 

1. Basic Behaviors Area: 

Evaluates the prerequisite behaviors for learning and communication, they are: spontaneous eye contact, eye 

contact on request, looking at objects, tracking objects and faces, functional gestures, cooperation with simple 

spoken requests (reply to their name, look for mother), sitting long enough to complete a task, object permanence, 

be able to wait for their turn before starting an activity, and be able to communicate basic needs (need to eat, drink, 

sleep, play, walk, go to the bathroom, and feel good or bad). 

  

2. Neuropsychological Area: 

Evaluates brain-based skills which are needed in acquisition of knowledge, manipulation of information, and 

reasoning. They have more to do with the mechanisms of how people learn, remember, problem-solve, and pay 

attention, rather than with actual knowledge. This area includes selective attention, types and intensity of 

stereotypes, lateralization, temporal orientation, spatial orientation, memory span, logical sequences, and 

categorization (animals, dress, foods, drinks, objects, places, actions). 

3. Basic Cognitive Area: 

Evaluates the basic cognitive concepts that allow the understanding of reality (spatial concepts, topological 

concepts, etc.). This area includes object recognition, color discrimination, geometric form discrimination 

measure concepts, spatial concepts, human body discriminations, time concepts, and cause-effect relationship. 

4. Advanced Cognitive Area: 

Evaluates the concepts of school learning that include the sub-areas of writing and mathematics. This area includes 

global words recognition, syllables recognition, recompleting words through syllables, alphabetic symbols 

recognition, recompleting words with alphabetic symbols, recognition of words representing actions, using words 

to communicate, math pre-requisite concepts, recognition of numbers, and biunivocal relation between number and 

quantity. 

5. Communication Area: 

Evaluates the development of language by measuring responses to environmental sounds and speech, as well as the 

production of sounds and words. The skills of communication, comprehension and expression that allow the 

person to interact with others. This area includes expressing a basic need at a corporal level, recognizing, and 

expressing a basic need through pictures, understanding the biunivocal relation between the corpora, recognizing 

and expressing a basic need through word, understanding the biunivocal relation of a basic need between a picture 

and the word that expresses it, verbal comprehension, and verbal production. 

6. Emotional Area: 

Evaluates the person’s abilities and ways of experiencing, expressing, and understanding their own emotions and 

those of others are analyzed. This area includes identify emotions and express emotions. 

7. Hand motor Area: 

Evaluates the ability to make movements using the small muscles in our hands and wrists. Children rely on these 

skills to do key tasks in school and in everyday life. Fine motor skills are complex, however. They involve the 

coordinated efforts of the brain and muscles and they are built on the gross motor skills that allow us to make 

bigger movements. This area includes musculoskeletal alterations, hand-eye coordination during motor tasks 

lateralization, reaching movement, touching ability, grasping ability, releasing movement, repositioning movement, 

bimanual coordination, and the ability to push and pull an object. 

8. Graphomotor Area: 

Evaluates the fine motor skills incorporating, among others, graphomotor skills (GS) which, in turn, involve 

strength and control of the finger muscles, and incorporates important daily skills such as writing and drawing that 
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are necessary for the academic achievement of all students. This area includes grasping of pencil, drawing patterns, 

and the use of school tools. 

9. Global Motor Area: 

Evaluates the gross-motor skills which are important for an upright posture, walking, running, and climbing. It 

allows for the observation of physical weakness or disability or defects of movement. This area includes: standing, 

sitting, parachute reactions, rolling supine–on one side, rolling supine–prone, supine–to seated on the floor, seated 

on the floor–to standing, seated on a chair–to standing, standing–to seated on the floor, standing–to seated on a 

chair, walking, body spatial orientation in standing, stepping, running, climbing upstairs, descending stairs, 

jumping, picking up an object from the ground (small ball), playing with a ball, and walking on a slope. 

10. Autonomy in Daily Life Area: 

Measures early adaptive and self-help behavior typically seen at home, as well as social behavior that develops 

through early adult-child interactions; therefore, this area analyses the level of autonomy in the praxis of daily life 

This area includes daily autonomy such as, eating, drinking, coughing or difficulty breathing during meal, type of  

food’s consistence, washing, autonomy in the bathroom and  dressing, and other skills such as, playing and 

socialization skills, and advanced autonomy activities. 

For each area, different sequential skills, hierarchically structured, are evaluated. A 

total of 85 skills are evaluated. Each skill has a numerical score ranging from 1 to 5, where 

1 is the minimum level of capacity and 5 is the maximum level of capacity to perform a 

specific activity. Below, we present some examples. In the area of basic behavior, the first 

skill that is evaluated is spontaneous eye contact. The score of this skill is: 1 if the child is 

unable to establish spontaneous eye contact, 2 if the child can establish spontaneous eye 

contact 2/3 times out of 10, 3 if the child can establish spontaneous eye contact 4/6 times 

out of 10, 4 if the child can establish spontaneous eye contact 7/8 times out of 10, and 5 if 

the child always establishes spontaneous eye contact. Instead, the sixth skill that is inves-

tigated in the hand motor area is grasping ability and the score is: 1 if the child cannot 

grasp an object on the table, 2 if the child can grasp a 5cm object with palmar cubitus grip, 

3 if the child can grasp a 5cm object with palmar grip, 4 if the child can grasp a 1cm object 

with pluri-digital grip, and 5 if the child can grasp a 1cm object with plier’s grip (thumb-

index). 

2.3.4. The Local Workstation 

The hardware of the local workstation was composed of a laptop with an installed 

Skype Platform for the BTR; for the ATR, a laptop that was equipped with an eye-tracker, 

a webcam, a 3D camera, and a headset with a BTR system installed was used, as described 

below. 

2.3.5. Technological Architecture 

The ATR system (Figure 2) is composed of two types of workstations, namely a local 

workstation and a remote workstation. 
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Figure 2. Technological architecture of the software with a web application server that was con-

nected to both a remote workstation and a local workstation. 

The local workstation is intended to be used at the patient side, while the remote one 

is located at a specialized care center. Through the local workstation, the patient and care-

giver connect with specialists for a cognitive or physical rehabilitation session. It is worth 

noting that, for Rett Syndrome subjects, the patient is never alone but always accompanied 

by a caregiver (with different skill levels, ranging from parents to therapists). The software 

platform is a web application, that leverages on the CISCO Webex API for network con-

nection and video streaming. The following sections discuss the main components of the 

platform. 

2.3.6. The Telerehabilitation Software 

The special requirements of patients that are affected by Rett Syndrome, and other 

MDs with similar characteristics, demand very specific approaches and tools. As a conse-

quence, we designed and implemented an ad hoc architecture to manage the TR sessions 

and to store and analyze the acquired data that is tailored to the needs of the Rett subjects, 

exploiting all the knowledge that was acquired with AIRETT after years of experience in 

using new technologies for both cognitive and physical rehabilitation. The main charac-

teristic of the software is that it does not interfere with the ordinary tools that the patient 

uses in their everyday rehabilitation activities; in addition, a caregiver can be supervised 

and trained by a remote specialist during the rehabilitation sessions. 

The software (Associazione Italiana Rett O.N.L.U.S., Siena, Italy) is a web application 

with a standard set of features (such as user authentication, videoconferencing, record-

ings, annotations, general patients’ data) and domain-specific features. Such features ex-

ploit data acquisition and artificial intelligence techniques to add advanced tools giving 

therapists and caregivers a more sophisticated way to interact with the patient during the 

sessions and to ease further data analysis about the sessions. 

More specifically, the ATR system is equipped with support for eye-tracking, so that 

the therapist can monitor how the patient interacts with the system during a cognitive 

session. In the context of motor rehabilitation, during the sessions, the movements of the 

patient are not the only video recorded, but there is also a 3D reconstruction that is 

mapped in real-time, by applying computer vision and artificial intelligence (AI) tech-

niques. The therapist can then see the reconstructed patient’s skeleton superimposed on 

the patient’s image in the video stream and can even annotate if the data that are acquired 

during the session can be considered valid or not. The skeleton data are then used to better 

observe the overall patient’s pose and the angles between the bones near articulations, 

giving an objective measure of improvements in the patient’s movements. Moreover, we 

plan to apply machine learning and advanced analysis techniques to the acquired data to 

provide decision-making support to the specialist when the amount of data is adequate 

for this purpose [40]. 
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2.3.7. Procedure 

This study lasted from the 1 February to mid-June 2021. The performances were rec-

orded according to the following steps: pre-test phase; cognitive and motor empower-

ment; post-test phase 1 (after 5 weeks); cognitive and motor empowerment; and post test 

phase 2 (after 10 weeks). In the pre-test phase the AIRETT center professionals contacted 

the family by phone and with a brief interview that ascertained their availability for 

GAIRS administration sessions and all the procedures of TR. Then, the parents were in-

vited to a session in which they completed the RARS scale that allows identifying the 

severity of the patients with Rett syndrome, and the Vineland questions to identify be-

havioral features. After these sessions, the GAIRS Checklist was administered to the pa-

tients by the AIRETT team, composed of a physician, speech therapist, and psychologist, 

during the evaluation sessions at the Rett Centre. All professionals had certified, special 

training in Rett syndrome. Some skill scores that cannot be assigned directly during the 

evaluation, such as the ability to go to the bathroom, were evaluated through video or 

interviews with parents. Every skill was requested ten times, but if the participant gave 

the first 3 correct answers, the skill was considered acquired; in the same way, if the par-

ticipant gave the first 3 wrong answers, the skill was considered not acquired. The total 

administration time was around 4 hours (range from 3 to 7) but for the most seriously 

affected patients, it was necessary to divide checklist administration into multiple sessions 

(2 or 3).  

Successively, the therapist contacted the families of the control group through BTR 

for the GAIRS administration session and evaluation of attention and type and intensity 

of stereotypies, while they contacted the families of the experimental group to collect the 

same data through the ATR system.  

All the caregivers and the therapist received specific training in the use of BTR and 

ATR systems from the specialist of the AIRETT team. During all the cognitive empower-

ment phases, one specialist of the AIRETT Center contacted the families of the control 

group and the families of the experimental group to conduct a session of cognitive and 

motor training. 

Families of both groups conducted the session three times a week with the trainer 

who collected data on the performance of the girls and women. Each session lasted for 

one hour or an hour and a half and there were 30 sessions overall that were collected.  

A session of cognitive training consisted of carrying out some cognitive discrimina-

tion tasks. The choice of the tasks depended on the level of the participant that was meas-

ured through the GAIRS Checklist. Cognitive stimuli were concrete objects or coloured 

pictures of objects (food, animals, toys, and familiar objects) that were presented with a 

distracting image in a randomized right-left order in a PowerPoint presentation. The par-

ticipant was asked to look at the target, for example, an apple. Each task involved three 

repetitions of the presenting stimuli. The criterion allowing one to proceed to the next step 

was always the same: three correct answers (with eye contact) that were obtained in each 

of the three sessions of treatment.  

A session of motor training consisted of some global and/or fine motor exercises. 

Each task was chosen by the level of the participant that was measured through the GAIRS 

Checklist. Exercises could be a passive movement to empower the range of motion of the 

main articulation or motor skills, such as touch a target or walk in an open space. In motor 

evaluation, the score depends (a) on the number of times the participants performed the 

exercise correctly, for example in hand-eye coordination during motor tasks where the 

score went from 1, the participant never looks at her hand during the 5 motor tasks, to 5, 

always looks at her hands during the motor tasks; (b) on the type of performance, such as 

in the standing skill where the score went from 1, the participant is unable to hold the 

posture, to 5, holds posture without assistance for more than 3 min. During a TR session, 

the software allows the local caregiver to video call a remote specialist. As shown in Figure 

2, once the video call starts, the software acquires video streams from the laptop screen, 

the laptop webcam, an external webcam, and data from the eye-tracker. The local 
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caregiver starts a cognitive rehabilitation session with rehabilitation software that was 

specifically tailored for Rett patients. During the session, the patient is always in audio 

contact with the remote specialist, who follows what is going on through the shared screen 

and the videos. The specialist can also see patient interactions, i.e., the patient’s gaze on 

the screen. Hence, thanks to this setting and the acquired data, the specialist can monitor 

how the patient and the caregiver interact (from front and side views), and how the pa-

tient interacts with the rehabilitation software (through the eye-tracker pointer on screen). 

The parents were suggested to repeat each new learning related to motor and cognitive 

training in the life situations (daily training). 

After the session ends, the video call is terminated and the acquired data are stored 

locally and shared between the caregivers and therapists through a storage cloud system. 

Importantly, the remote specialist can start and stop recording videos during sessions and 

annotate text on their own, simply by interacting with the system and without distracting 

the local caregiver and/or patient. 

A motor TR session can be started by video calling a remote specialist, as for cognitive 

rehabilitation. In this case, however, there is no interaction between the patient and the 

local workstation. The local workstation is only used to acquire data and to let the care-

giver and the specialist communicate. In the context of motor rehabilitation, the novel 

contribution of our approach is that during the session the movements of the patient were 

not only video recorded, but also reconstructed and 3D-mapped in real-time. In the post-

test phase, all the participants were re-evaluated after 5 weeks and new cognitive and 

motor aims were established. Finally, they were re-evaluated after more than 5 weeks 

(post-test 2). 

2.3.8. Statistical Analysis 

The data of each subscale of the GAIRS were obtained following standardized in-

structions [30] and the mean of the items for each patient was calculated for the subscales, 

ranging from 1 to 5 (with higher scores indicating that the patients reached the mastery 

performance for that subscale). The total score of GAIRS was computed by the mean of all 

areas. 

Data analysis was performed using the IBM SPSS Statistics, Version 24 (IBM, Ar-

monk, NY, USA). A mixed model ANCOVA for repeated measures was applied with a 

repeated factor time (T0–pre-intervention baseline, T1–5 weeks, post-test 1, T2–10 weeks, 

post-test 2), a factor group (experimental ATR, control BTR), and RARS (severity of dis-

ease at T0) as a covariate. Each of the measured parameters were the dependent variables. 

A Bonferroni correction was applied for multiple comparisons. The alpha level was set to 

p < 0.05 for all statistical tests. In the case of significant effects, the effect size of the test 

was reported. The effect sizes were computed and categorized according to eta squared 

η2 [41]. 

3. Results 

The results are first discussed with reference to the level of attention and intensity of 

stereotypies and trainer interventions; secondly, they are analysed with reference to each 

subscale of GAIRS and to the total GAIRS; finally, the impact on general scales of RARS 

and VABS is analysed. 

Table 3 summarizes means and SD (standard deviation) of attention, intensity of ste-

reotypies, and trainer interventions at the three assessment times, and ANCOVA group-

by-phase interaction results after checking for the effects of the covariate RARS. We used 

a mixed model ANCOVA for repeated measures with a repeated factor phase (T0–pre-

intervention baseline, T1–5 weeks, post-test 1, T2–10 weeks, post-test 2), a factor group 

(experimental, control), and RARS as a covariate. 
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Table 3. The means and standard deviations of attention, intensity of stereotypies and trainers’ in-

terventions. 

 Pre-Test Post-Test1 Post-Test2 p 

Measures 
Experi-

mental 
Control 

Experi-

mental 
Control 

Experi-

mental 
Control  

Attention 

time 
11.36 (7.88) 12.17 (7.33) 18.82 (8.74) 16.67 (7.37) 29.64 (8.64) 19.17 (4.92) 0.05 

Intensity of 

trainer aids 
21.91 (4.46) 22.50 (7.58) 10.09 (3.86) 18.83 (9.40) 8.64 (4.93) 16.83 (7.78) 0.00 

Intensity of 

stereotypes 
2.64 (1.12) 2.87 (1.11) 2.91 (1.04) 2.43 (0.98) 3.00 (1.00) 2.86 (1.07) 0.001 

With reference to attention, both Phase and Group X Phase interaction showed sig-

nificant effects (respectively, F (2, 46) = 3.68, p < 0.05, η2 = 0.09 and F (2, 46) = 8.91, p < 0.01, 

η2 = 1.11); with reference to trainer interventions, the Group X Phase interaction showed 

significant effects F (2, 46) = 7.48, p < 0.00, η2 = 1.03. With reference to the intensity of ste-

reotypies (number of stereotypies that were registered in 5 min), compared with the pre-

test, there were statistically significant differences in post-test 1 and post-test 2 (respec-

tively, p < 0.001; p < 0.001); Finally with reference to trainer interventions (the number of 

aids or containment in 5 min), compared with pre-test, there were statistically significant 

differences in post-test 1 and post-test 2 (respectively, p < 0.001; p < 0.001). These results 

suggest that patients with RTT showed a positive trend in improving selective attention 

across time with concomitant decreases of stereotypies and trainer interventions in both 

groups. 

With reference to GAIRS (Table 4), mixed model ANCOVAs for repeated measures 

with a repeated factor Phase (T0–pre-intervention baseline, T1–5 weeks, post-test 1, T2–10 

weeks, post-test 2), a factor Group (experimental, control) and RARS as a covariate were 

applied. 

Table 4. The means and standard deviations of GAIRS’ Areas. 

 Pre-Test Post-Test1 Post-Test2 p 

Measures Experimental Control Experimental Control Experimental Control  

Basic Behaviors 

Prerequisites 

Area 

3.58 (0.47) 3.47 (0.59) 4.06 (0.42) 3.72 (0.53) 4.24 (0.27) 3.92 (0.41) 0.01 

Neuropsycho-

logical Area 
1.90 (0.28) 1.72 (0.48) 2.45(0.40) 2.05(0.55) 2.86 (0.50) 2.29 (0.66) 0.01 

Basic Cognitive 

Area 
2.29 (0.84) 2.06 (0.92) 2.79 (0.74) 2.45 (0.88) 3.22 (0.74) 2.79 (0.88) 0.001 

Advanced Cog-

nitive Area 
1.00 (0.00) 1.08 (0.18) 1.01 (0.03) 1.10 (0.17) 1.03 (0.07) 1.15 (0.17) 0.08 

Communication 

Area 
2.16 (0.44) 1.87 (0.59) 2.60 (0.37) 2.23 (0.69) 2.81 (0.35) 2.37 (0.79) 0.001 
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 Pre-Test Post-Test1 Post-Test2 p 

Emotional Area 2.88 (0.58) 2.92 (0.74) 3.38 (0.74) 3.25 (0.82) 3.66 (0.76) 3.42 (0.75) 0.01 

Hand motor 

Area 
2.82 (0.67) 2.87 (0.56) 3.27 (0.83) 3.20 (0.52) 3.52 (0.78) 3.41 (0.61) 0.01 

Graphomotor 

Area 
1.36 (0.41) 1.24 (0.37) 1.55 (0.56) 1.38 (0.36) 1.58 (0.56) 1.48 (0.57) 0.09 

Global Motor 

Area 
2.61 (0.32) 3.01 (0.40) 2.85 (0.32) 3.19 (0.30) 2.94 (0.32) 3.26 (0.29) 0.01 

Autonomy in 

Daily Life Area 
2.37 (0.41) 2.10 (0.70) 2.42 (0.38) 2.15 (0.74) 2.47 (0.39) 2.17 (0.77) 0.08 

Total Score 

GAIRS 
2.29 (0.23) 2.30 (0.44) 2.66 (0.27) 2.51 (0.44) 2.84 (0.26) 2.67 (0.49) 0.01 

Regarding the prerequisite area, the factor Phase shows a significant effect, F (2, 46) 

= 5.59, p < 0.01 η2 = 1.05. The interaction Group X Phase showed no significant effect, mean-

ing that the participants of both groups significantly improved their performances in the 

basic behavior area, which is characterized by prerequisite behaviors for learning and 

communication. With reference to the neuropsychological area, the factor Phase showed 

a significant effect, F (2, 46) = 4.37, p < 0.01, η2 = 0.99. The interaction of Group X Phase 

showed no significant effect, meaning that the participants of both groups significantly 

improved performances in the neuropsychological area, which is characterized by brain-

based skills that are needed in acquisition of knowledge, manipulation of information, 

and reasoning. Regarding the basic cognitive area, the factor Phase showed a significant 

effect, F (2, 46) = 39.04, p < 0.001, η2 = 0.88. The interaction Group X Phase showed no 

significant effect, meaning that the participants of both groups significantly enhanced per-

formances in the basic cognitive area, which is characterized by the basic cognitive con-

cepts that allow the understanding of reality (spatial concepts, topological concepts, etc.). 

Regarding the advanced cognitive area, neither the factor Phase nor the interaction 

showed significant effects; this result may be due to the fact that not all the patients with 

Rett Syndrome can have access to this area as the basic cognitive area was not reached. 

Actually, this area evaluates the concepts of school learning that include the sub-areas of 

writing and mathematics. Regarding the communication area, the factor Phase showed a 

significant effect, F (2, 46) = 8.99, p < 0.001, η2 = 1.23. The interaction Group X Phase showed 

no significant effect, meaning that the participants of both groups significantly enhanced 

performances in the communication area, which evaluates the development of any type 

of language by measuring responses to environmental sounds and speech, as well as the 

production of sounds and words. With reference to the emotional area, the factor Phase 

showed a significant effect, F (2, 46) = 4.06, p < 0.01, η2 = 0.88. The interaction Group X 

Phase showed no significant effect, meaning that the participants of both groups signifi-

cantly enhanced their performances in the emotional area, which evaluates a person’s 

abilities to identify emotions and express emotions. With reference to the hand motor area, 

the factor Phase showed a significant effect, F (2, 46) = 5.70, p < 0.01, η2 = 0.88. The interac-

tion Group X Phase showed no significant effect, meaning again that the participants of 

both groups significantly enhanced performances in the hand motor area, which evaluates 

the ability to make movements using the small muscles in hands and wrists. 

Regarding the graphomotor area, neither the factor Phase nor the interaction showed 

a significant effect, this may be due to the fact that not all the patients with Rett Syndrome 

can have access to this area as it evaluates fine motor skills incorporating graphomotor 

skills (GS) which, in turn, involve strength and control of finger muscles. 
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Regarding the global motor area, the factor Phase showed a significant effect, F (2, 

46) = 4.33, p < 0.01, η2 = 0.93. The interaction Group X Phase showed no significant effect, 

meaning that the participants of both groups significantly enhanced their performances 

in the global motor area, which evaluates gross-motor skills which are important for an 

upright posture, walking and running. 

Regarding autonomy in daily life area, neither the factor Phase nor the interaction 

shows a significant effect, for some patients with Rett Syndrome it is too hard to reach 

adaptive and self-help behavior at home, as well as social behavior that develops through 

early adult-child interactions and therefore the level of autonomy in the praxis of daily 

life. 

With reference to the total score of GAIRS, the factor Phase showed a significant ef-

fect, F (2, 46) = 6.87, p < 0.01, η2 = 0.88. The interaction Group X Phase also showed a sig-

nificant effect F (2, 46) = 9.87, p < 0.001, η2 = 1.11, meaning that the participants of the ex-

perimental group significantly enhanced their performances in all areas more than the 

control group. 

With reference to VABS and RARS total scores, Table 5 shows that the scores at the 

pre-test were significantly different compared with those at post-test 1 and post-test 2 (p 

< 0.001). Only the Phase factor showed significant effects (VABS, F (2, 46) = 9.87, p < 0.01, 

η2 = 1.01; RARS, F (2, 46) = 5.99, p < 0.01, η2 = 0.94). These results indicate an increase in the 

global functioning in the three phases of treatment and a general decrease in the level of 

severity of RTT. 

Table 5. Means and standard deviations of Vineland and RARS total score. 

 Pre-Test Post-Test1 Post-Test2 p 

Measures Experimental Control Experimental Control Experimental Control  

Vineland 

Score 
98.70 (26.95) 95.25 (4.57) 102.50 (25.23) 97.25 (7.50) 105.60 (26.30) 95.24 (6.44) 0.001 

RARS Score 67.70 (5.90) 67.00 (8.80) 65.75 (6.58) 66.30 (9.10) 64.60(5.80) 65.90 (9.70) 0.01 

4. Discussion 

Telerehabilitation (TR) delivers rehabilitation and therapeutic services with the sup-

port of diverse technologies. Concerning the field of neurodevelopmental disorders 

(NDDs), a recent systematic review has demonstrated that TR is an effective tool in im-

proving the adaptive skills of children with NDDs (Woolf et al., 2016).  

Although the use of TR for NDDs has grown rapidly, few studies use TR intervention 

for children with Rett Syndrome (RTT) [20,25,26,28,42–45]. The main aim of the present 

study was to determine whether the use of TR with advanced technology (ATR) in pa-

tients with RTT leads to greater improvements in motor and cognitive functions than with 

the use of basic TR (BTR).  

Both the ATR and BTR groups increased time of attention while the educational in-

terventions and intensity of stereotypies decreased. Regarding the results of the GAIRS 

assessment, again it was shown that both the ATR and BTR groups increased their per-

formances. Since both groups equally benefitted from ATR and BTR, our hypothesis is not 

confirmed. The advanced system (with eye-tracking and 3D-mapped in real-time) did not 

empower the performances of the girls and women with RTT any better than the basic 

system. We think that the explanation may be related to the complexity of RTT; the treat-

ments for these girls and women require a multidisciplinary team, with specialists coming 

from different areas - medical, psychological, social, educational, and occupational - and 

are directed toward symptoms and providing support in different areas of daily life. One 

of the most important factors in cognitive and motor rehabilitation is the high intensity 
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and frequency of treatment; to reach functional educational goals, frequency is a critical 

factor [28,46] in both the ATR and BTR groups the training frequency was three times a 

week. The parents were invited also to follow the training with practical exercises as de-

scribed in the procedure section. 

Unlike other studies that were carried out in past years, the results of rehabilitation 

improvement were also demonstrated by clinical evaluation using RARS and Vineland 

Scales. The RARS scale showed a reduction in score that was more marked for the ATR 

group, which is equivalent to a reduction in the severity of the syndrome and the Vineland 

scale emphasizes an improvement in the overall functioning of the participants at the end 

of the training. These results show a generalization of skills that are learned outside the 

purely rehabilitative field, which is demonstrated by GAIRS [30]. 

The results show that the improvements have been progressive and continuous 

throughout the project, as demonstrated by the results in post-test 1 and post-test 2, for 

the GAIRS, RARS, and Vineland scores, where the improvement of the parameters was 

more marked in post-test 2. 

These results should be interpreted in the light of a number of limitations. The pre-

sent study involved 20 subjects, which is not a small group for RTT, given that RTT is a 

rare disorder; but caution is required in the interpretation of results for potential problems 

in generalization. In addition, we didn’t use a waiting group; it might be worthwhile hav-

ing a waiting group who are ready and who, therefore, would not require training. Given 

that learning times in cognitive and motor disabilities are longer compared to typically 

developing subjects, it is important to set up a longer training period and include follow-

up phases to show maintenance of the results in the medium- and long-term. 

5. Conclusions 

The main aim of the present study was to determine whether the use of TR with 

advanced technology (ATR) in patients with RTT leads to greater (or at least equal) im-

provements in motor and cognitive functions than basic TR (BTR). 

The results indicated that telerehabilitation is an effective mode of rehabilitation for 

Rett syndrome as it allows high intensity and high frequency interventions, which has 

proven to be the most critical factor. The results did not reveal a substantial difference 

between the two groups with regard to the overall rehabilitation prospects that were as-

sessed through GAIRS and the overall functioning of the participants that was assessed 

through RARS and Vineland; however, a more marked increase was seen for the ATR 

group compared to the BTR group for behavioral parameters with an increase in sustained 

attention to the task and a reduction in educational interventions and stereotypies. The 

results demonstrate an important aspect of generalizing the skills that are learnt from 

training, as there have also been increases in RARS and Vineland scores. 

As stated in the introduction, few studies have used TR in patients with RTT and no 

study has compared the effectiveness of basic and advanced TR in this population, so 

future research is necessary to better understand the characteristics of effective TR inter-

ventions in these patients and to determine how these characteristics may differ for spe-

cific populations and outcomes. Future studies should involve a larger number of partic-

ipants, also those with other MECP2 genetic mutations. To advance the field, we encour-

age authors of future research to use ATR to determine best practices and to render this 

type of TR more effective and cost-effective. 

Author Contributions: Conceptualization, R.A.F.; methodology, R.A.F., A.N. and G.I.; software, 

A.N., G.I.; validation, R.A.F., A.N.; formal analysis, R.A.F.; investigation, R.A.F., T.C., S.G. and M.S.; 

data curation, R.A.F., A.N., S.G. and M.S.; writing—original draft preparation, R.A.F., S.G., M.S., 

T.C.; writing—review and editing, A.N., G.I.; visualization, R.A.F., A.N.; supervision, R.A.F.; project 

administration, R.A.F.; funding acquisition, R.A.F., A.N., G.I. All authors have read and agreed to 

the published version of the manuscript. 

Funding: This research was funded by Rotary Foundation (GG 1978856). 



Int. J. Environ. Res. Public Health 2022, 19, 507 16 of 18 
 

 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 

Declaration of Helsinki and approved by the Institutional Ethics Committee of Clinical and Experi-

mental Medicine Department, University of Messina (protocol code PSY/2020/32). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. 

Data Availability Statement: Data available on request due to restrictions e.g., privacy or ethical. 

Conflicts of Interest: Author Tindara Caprì was employed by the company LuxAI S.A. The remain-

ing authors declare that the research was conducted in the absence of any commercial or financial 

relationships that could be construed as a potential conflict of interest. 

References 

1. Schwamm, L.H.; Holloway, R.G.; Amarenco, P.; Audebert, H.J.; Bakas, T.; Chumbler, N.R.; Handschu, R.; Jauch, E.C.; Levine, 

S.R.; Mayberg, M.; et al. A review of the evidence for the use of telemedicine within stroke systems of care: A scientific statement 

from the American Heart Association/American Stroke Association. Stroke 2009, 40, 2616–2634. 

https://doi.org/10.1161/STROKEAHA.109.192360. 

2. Brennan, D.M.; Mawson, S.; Brownsell, S. Telerehabilitation: Enabling the remote delivery of healthcare, rehabilitation, and self 

management. Stud. Health Technol. Inform. 2009, 145, 231–248. 

3. Theodoros, D.; Russell, T. Telerehabilitation: Current perspectives. Stud. Health Technol. Inform. 2008, 131, 191–209. 

4. Marzano, G.; Ochoa-Siguencia, L.; Pellegrino, A. Towards a new wave of telerehabilitation applications. Perspective 2017, 1, 1–

4. 

5. Pramuka, M.; van Roosmalen, L. Telerehabilitation technologies: Accessibility and usability. Int. J. Telerehabilitation 2009, 1, 85–

98. https://doi.org/10.5195/ijt.2009.6016. 

6. How, T.V.; Hwang, A.S.; Green, R.E.A.; Mihailidis, A. Envisioning future cognitive telerehabilitation technologies: A co-design 

process with clinicians. Disabil. Rehabil. Assist. Technol. 2017, 12, 244–261. https://doi.org/10.3109/17483107.2015.1129457. 

7. Hosseiniravandi, M.; Kahlaee, A.; Karim, H.; Ghamkhar, L.; Safdari, R. Home-based telerehabilitation software systems for 

remote supervising: A systematic review. Int. J. Technol. Assess. Health Care 2016, 36, 113–125. 

https://doi.org/10.1017/S0266462320000021. 

8. Kairy, D.; Lehoux, P.; Vincent, C.; Visintin, M. A systematic review of clinical outcomes, clinical process, healthcare utilization 

and costs associated with telerehabilitation. Disabil. Rehabil. 2000, 31, 427–447. 

9. Woolf, C.; Caute, A.; Haigh, Z.; Galliers, J.; Wilson, S.; Kessie, A.; Hirani, S.; Hegarty, B.; Marshall, J. A comparison of remote 

therapy, face to face therapy and an attention control intervention for people with aphasia: A quasi-randomised controlled 

feasibility study. Clin. Rehabil. 2016, 30, 359–373. https://doi.org/10.1177/0269215515582074. 

10. Peretti, A.; Amenta, F.; Tayebati, S.K.; Nittari, G.; Mahdi, S.S. Telerehabilitation: Review of the state-of-the-art and areas of 

application. JMIR Rehabil. Assist. Technol. 2017, 4, 4–7. 

11. Caprì, T.; Nucita, A.; Iannizzotto, G.; Stasolla, F.; Romano, A.; Semino, M.; Giannatiempo, S.; Canegallo, V.; Fabio, R.A. Telere-

habilitation for improving adaptive skills of children and young adults with multiple disabilities: A systematic review. Rev. J. 

Autism Dev. Disord. 2021, 8, 244–252. 

12. Corti, C.; Oldrati, V.; Oprandi, M.C.; Ferrari, E.; Poggi, G.; Borgatti, R.; Urgesi, C.; Bardoni, A. Remote technology-based training 

programs for children with acquired brain injury: A systematic review and a meta-analytic exploration. Behav. Neurol. 2019, 1, 

346–987. https://doi.org/10.1155/2019/1346987. 

13. Agostini, M.; Moja, L.; Banzi, R.; Pistotti, V.; Tonin, P.; Venneri, A.; Turolla, A. Telerehabilitation and recovery of motor function: 

A systematic review and meta-analysis. J. Telemed. Telecare 2015, 21, 202–213. https://doi.org/10.1177/1357633X15572201. 

14. Giordano, A.; Bonometti, G.P.; Vanoglio, F.; Paneroni, M.; Bernocchi, P.; Comini, L.; Giordano, A. Feasibility and cost-effective-

ness of a multidisciplinary home-telehealth intervention programme to reduce falls among elderly discharged from hospital: 

Study protocol for a randomized controlled trial. BMC Geriatry 2016, 16, 209. https://doi.org/10.1186/s12877-016-0378-z. 

15. Coleman, J.J.; Frymark, T.; Franceschini, N.M.; Theodoros, D.G. Assessment and Treatment of Cognition and Communication 

Skills in Adults with Acquired Brain Injury via Telepractice: A Systematic Review. Am. J. Speech-Lang. Pathol. 2015, 24, 295–315. 

https://doi.org/10.1044/2015_AJSLP-14-0028. 

16. Van De Sandt-Koenderman, W.M.E. Aphasia rehabilitation and the role of computer technology: Can we keep up with modern 

times? Int. J. Speech-Lang. Pathol. 2011, 13, 21–27. https://doi.org/10.3109/17549507.2010.502973. 

17. Bluma, S.M. Portage Guide to Early Education; Cooperative Education Service Agency: Portage, WI, USA, 1976; p. 12. 

18. Solana, J.; Caceres, C.; Garcia-Molina, A.; Opisso, E.; Roig, T.; Tormos, J.M.; Gomez, E.J. Improving brain injury cognitive reha-

bilitation by personalized telerehabilitation services: Guttmann neuropersonal trainer. IEEE J. Biomed. Health Inform. 2015, 19, 

124–131. https://doi.org/10.1109/JBHI.2014.2354537. 

19. Hoover, E.L.; Carney, A. Integrating the iPad into an intensive, comprehensive aphasia program. Semin. Speech Lang. 2014, 35, 

25–37. https://doi.org/10.1055/s-0033-1362990. 

20. Caprì, T.; Fabio, R.A.; Iannizzotto, G.; Nucita, A. The TCTRS Project: A Holistic Approach for Telerehabilitation in Rett Syn-

drome. Electronics 2020, 9, 491. 



Int. J. Environ. Res. Public Health 2022, 19, 507 17 of 18 
 

 

21. Cardullo, S.; Gamberini, L.; Milan, S.; Mapelli, D. Rehabilitation tool: A pilot study on a new neuropsychological interactive 

training system. Stud. Health Technol. Inform. 2015, 219, 168–173. 

22. Valentine, A.Z.; Hall, S.S.; Young, E.; Brown, B.J.; Groom, M.J.; Hollis, C.; Hall, C.L. Implementation of Telehealth Services to 

Assess, Monitor, and Treat Neurodevelopmental Disorders: Systematic Review. J. Med. Internet Res. 2021 2021, 23, e22619. 

https://doi.org/10.2196/22619. 

23. Maresca, G.; Maggio, M.G.; De Luca, R.; Manuli, A.; Tonin, P.; Pignolo, L.; Calabrò, R.S. Tele-Neuro-Rehabilitation in Italy: State 

of the Art and Future Perspectives. Front. Neurol. 2020, 11, 563375.https://doi.org/10.3389/fneur.2020.563375. 

24. Stasolla, F. Virtual Reality and Wearable Technologies to Support Adaptive Responding of Children and Adolescents With 

Neurodevelopmental Disorders: A Critical Comment and New Perspectives. Front. Psychol. 2021, 12, 720626. 

https://doi.org/10.3389/fpsyg. 2021.720626. 

25. Dovigo, L.; Caprì, T.; Iannizzotto, G.; Nucita, A.; Semino, M.; Giannatiempo, S.; Zocca, L.; Fabio, R.A. Social and cognitive 

interactions through an interactive school service for RTT patients at the COVID-19 time. Front. Psychol. 2020, 12, 1–10. 

https://doi.org/10.3389/fpsyg.2021.676238. 

26. Iannizzotto, G.; Nucita, A.; Fabio, R.A.; Caprì, T.; Bello, L.L. Remote eye-tracking for cognitive telerehabilitation and interactive 

school tasks in times of COVID-19. Information 2020, 11, 296. https://doi.org/10.3390/info11060296. 

27. Castelli, I.; Antonietti, A.; Fabio, R.A.; Lucchini, B.; Marchetti, A. Do Rett syndrome girls possess Theory of Mind? Some evi-

dence from not-treated girls. Life Span Disabil. 2013, XVI2, 157–168. 

28. Fabio, R.A.; Caprì, T.; Buzzai, C.; Pittalà, V.; Gangemi, A. Auditory and visual oddball paradigm evaluated through P300 in five 

girls with Rett syndrome. Neuroquantology 2018, 17, 40–49. https://doi.org/10.14704/nq.2019.17.7.2591. 

29. Fabio, R.A.; Giannatiempo, S.; Caprì, T. Attention and identification of the same and the similar visual stimuli in Rett Syndrome. 

Life Span Disabil. 2019, 1, 113–127. 

30. Fabio, R.A.; Giannatiempo, S.; Semino, M.; Caprì, T. Longitudinal cognitive rehabilitation applied with eye-tracker for patients 

with Rett Syndrome. Res. Dev. Disabil. 2021, 111, 103891. https://doi.org/10.1016/j.ridd.2021.103891. 

31. Hagberg, B.; Goutières, F.; Hanefeld, F.; Rett, A.; Wilson, J. Rett syndrome: Criteria for inclusion and exclusion. Brain Dev. 1985, 

7, 372–373. https://doi.org/10.1016/s0387-7604(85)80048-6. PMID: 4061772. 

32. Sparrow, S.S.; Balla, D.A.; Cicchetti. Vineland ABS; Giunti Editore: Firenze, Italy, 2003. 

33. Fabio, R.A.; Martinazzoli, C.; Antonietti, A. Development and standardization of the “r.a.r.s” (Rett assessment rating scale). Life 

Span Disabil. 2005, 8, 257–281. 

34. Cervi, F.; Saletti, V.; Turner, K.; Peron, A.; Bulgheroni, S.; Taddei, M.; Vignoli, A. The TAND checklist: A useful screening tool 

in children with tuberous sclerosis and neurofibromatosis type 1. Orphanet J. Rare Dis. 2020, 15, 1–237. 

https://doi.org/10.1186/s13023-020-01488-4. 

35. Downs, J.; Stahlhut, M.; Wong, K.; Syhler, B.; Bisgaard, A.; Jacoby, P.; Leonard, H. Validating the rett syndrome gross motor 

scale. PLoS ONE 2016, 11, e0147555. https://doi.org/10.1371/journal.pone.0147555. 

36. Vignoli, A.; Fabio, R.A.; La Briola, F.; Giannatiempo, S.; Antonietti, A.; Maggiolini, S.; Canevini, M.P. Correlations between 

neurophysiological, behavioral, and cognitive function in rett syndrome. Epilepsy Behav. 2010, 17, 489–496. 

https://doi.org/10.1016/j.yebeh.2010.01.024. 

37. Kozloff, M.; Bates, S. A Program for Families of Children with Learning and Behavior Problems. Cogn. Behav. Ther. 1981, 10, 56–

57. 

38. Rodocanachi Roidi, M.L.; Isaias, I.U.; Cozzi, F.; Grange, F.; Scotti, F.M.; Gestra, V.F.; Ripamonti, E. A new scale to evaluate motor 

function in rett syndrome: Validation and psychometric properties. Pediatric Neurol. 2019, 100, 80–86. 

https://doi.org/10.1016/j.pediatrneurol.2019.03.005. 

39. Sparrow, S.S. Vineland Adaptive Behavior Scales. In Encyclopedia of Clinical Neuropsychology; Kreutzer, J.S., DeLuca, J., Caplan, 

B., Eds.; Springer: New York, NY, USA, 2011. https://doi.org/10.1007/978-0-387-79948-3_1602. 

40. Nucita, A.; Bernava, G.M.; Giglio, P.; Peroni, M.; Bartolo, M.; Orlando, S.; Marazzi, M.C.; Palombi, L. A Markov chain based 

model to predict HIV/AIDS epidemiological trends. In International Conference on Model and Data Engineering; Springer: Ber-

lin/Heidelberg, Germany, 2013; Volume 8216, pp. 225–236. 

41. Fisher, R.A. Statistical Methods for Research Workers, 14th ed.; Hafner: New York, NY, USA, 1973. 

42. Fabio, R.A.; Caprì, T.; Nucita, A.; Iannizzotto, G.; Mohammadhasani, N. Eye gaze digital games to improve motivational and 

attentional ability in Rett syndrome. J. Spec. Educ. Rehabil. 2018, 19, 105–126. https://doi.org/10.19057/jser.2019.43. 

43. Fabio, R.A.; Gangemi, A.; Caprì, T.; Budden, S.; Falzone, A. Neurophysiological and cognitive effects of Transcranial Direct 

Current Stimulation in three girls with Rett Syndrome with chronic language impairments. Res. Dev. Disabil. 2018, 76, 76–87. 

https://doi.org/10.1016/j.ridd.2018.03.008. 

44. Fabio, R.A.; Gangemi, A.; Semino, M.; Vignoli, A.; Priori, A.; Canevini, M.P.; Di Rosa, G.; Caprì, T.; Veneselli, E. Effects of 

combined transcranial direct current stimulation with cognitive training in girls with Rett syndrome. Brain Sci. 2020, 10, 276–

290. https://doi.org/10.3390/brainsci10050276. 

45. Fabio, R.A.; Pergolizzi, G.; Nucita, A.; Iannizzotto, G.; Caprì, T. The role of a virtual avatar in attention and memory tasks in 

Rett syndrome. BMC Neurol. 2021, 21, 223. https://doi.org/10.1186/s12883-021-02212-w. 

46. Gangemi, A.; Caprí, T.; Fabio, R.A.; Puggioni, P.; Falzone, A.M.; Martino, G. Transcranial direct current stimulation (TDCS) and 

cognitive empowerment for the functional recovery of diseases with chronic impairment and genetic etiopathogenesis. Adv. 

Genet. Res. 2018, 18, 179–196. Available online: www.scopus.com (accessed on 2 January 2022). 



Int. J. Environ. Res. Public Health 2022, 19, 507 18 of 18 
 

 

 


