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Figure 5.6: Plot of the distance between the two markers for skin-skin (black line) and
skin-brace (red line) placement.

Figure 5.7: The 2 Vicon markers used for the rotation test on the skin (right) and on the
shoulder brace (left).
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Table 5.2: Demographic features of the subjects enrolled for testing the product selected
to apply the Sentry.

n = 36

Product
Shirt
Brace

18 (50%)
18 (50%)

Gender
Female
Male

12 (33%)
24 (67%)

Age [y]
Median
Range

25
23÷40

Wearing duration [h]
Median
Range

9.5
1÷24

features of the subjects enrolled are reported in Tab. 5.2. The average wearing time

was approximately 9 hours. The boxplots for the Likert-scale values obtained from

the questionnaires are reported in Fig. 5.8. Whiskers in the boxplots go from the min-

imum value to the maximum one, i.e. outliers are not highlighted based on the IQR

value [Velleman and Hoaglin, 1981, Mcgill et al., 1978]. As expected, the shirt tends to

be more comfortable for extended periods. The size plays an important role as, unlike

the shirt, the brace can create considerable friction and discomfort if the brace is not

the right size for the subject. Braces with velcro allow adapting to the subject’s shape

with greater flexibility but typically result in thicker at the point where the two edges

overlap. The most significant differences were the size’s comfort and appropriate-

ness. However, for the Kruskal-Wallis test, there is a significant difference in all tests

(p < 0.05) [Kruskal and Wallis, 1952].

Both the alternatives represented a valuable and interchangeable solution suitable

for the application of the Sentry. The results should be read in the light of two consid-

erations: adherence to the skin is estimated qualitatively; the size strongly depends

on the subject (we had a limited number of sizes available). The shirt was generally

perceived as more comfortable and easily wearable; therefore, subjects tended to favour

this solution. In particular, the shirt may be more suitable for those contexts in which

much movement is required to the subject and during daily living (e.g., working, sports

activities). At the same time, the brace appears a feasible solution to record a smaller

amount of movements, as for monitoring movement restrictions after shoulder surgery.

The sensor fixing system still needs to be developed to view a finished product. The
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5.2. Material testing

Figure 5.8: Results from the questionnaire provided to the enrolled subjects.

cables must be suitably hidden and protected while ensuring ease of removal to allow

the user to wash the support.

The performed tests showed that it is necessary to proceed with an accurate fit of the

support on the person and create a quick system for mounting and dismounting the

device. Requirements have been drawn up to develop a customized version, to incorpo-

rate the best features of both identified solutions (e.g. thickness, sleeve length, material).

Most companies have developed their system to hold IMUs in place, to have a repro-

ducible positioning and a controlled behaviour for the support. For example, Rokoko

and Xsens provide a suit or a set of customized elastic straps to hold sensors in place,

respectively [Mihcin et al., 2019, B.V., 2018]. Even if the solutions proposed by Xsens

are extremely convenient for use in a movement analysis laboratory, they are unsuitable

for clinical use for people not accustomed to using these instruments independently,

particularly for the repeatability of positioning. The suit is also uncomfortable to wear

for a post-surgical patient. Generally speaking, the costs are unsustainable for the small

physiotherapy studio, not respecting one of the fundamental requirements that we set

ourselves at the beginning of the product search.

A simple system to fix the Sentry sensors on the support has been developed. The

prototype was designed on the brace, guaranteeing a firmer application point. Some

problems need to be solved to put a sensor on textile material. First, the user needs to
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identify the point of application of the sensors uniquely. Second, the anchor point must

firmly hold the sensor without increasing perceived pressure. Third, the anchor point

must allow avoiding spurious rotations around the Z-axis of the sensors (see Fig. 2.7).

The first two points have been solved with a customized elastic band, symmetrical for

the sensor, able to hold it in position. By sewing the elastic so that without the sensor,

it is tension-free (following the shape of the brace below), it is possible to minimize

the tension felt by the user while holding the sensor firmly in place. The elastic band

alone avoids translational movements of the sensor on the surface of the brace, but the

Sentry cable’s tension is causes rotations. The second problem was solved using Velcro,

as shown in Fig. 5.10. The two solutions work in synergy since the Velcro alone does

not have enough strength to hold the sensor firmly in place, and the elastic does not

have enough friction to prevent rotations.

A second solution covering both cases has been identified using three plastic snap

buttons that can be easily sewn onto any support and easily glued onto the Sentry box.

This solution has not been tested yet; the concept is shown in Fig. 5.12.

For a patient with shoulder pain, both solutions can be challenging to wear and per-

haps their most significant limitation lies in ensuring easy use for people who are not

assisted. The elastic vest can be comfortable to wear for a patient with no shoulder

pain. Otherwise, it can be challenging to wear. After the tests, more specific research

was performed to improve this aspect for the elastic shirt; a particular type of shirt was

found, i.e. an elastic shirt similar to the Olaian® in fabric and shape, with the addition

of a zipper. This solution has not been tested yet; an example is shown in Fig. 5.9. This

solution could be necessary facilitation for people with reduced shoulder mobility.

5.3 Conclusions

The above considerations allowed identifying some key points to keep in mind when

adapting or developing the support for the Sentry device. Under ecological monitoring

conditions, the Sentry must be worn repeatably in a repeatable manner to minimize

the variability between successive sessions. The subject should not be hindered in his

movements to avoid changing the movement characteristics and should not feel the

need to remove the device before the end of the analysis day, to ensure that the patient
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Figure 5.9: The AlignMed Posture Shirt® is a multifunctional elastic t-shirt with high
adherence and the addition of a zip that facilitates wearing for people with reduced
joint mobility. Source: AlignMed website.

Figure 5.10: The fixing developed to hold the inertial sensors in place. Left: the elastic
(1) and the sensor’s box (2). Right: a macro of the velcro (3) used to avoid sensor’s
rotations.

Figure 5.11: The straps developed by Xsens BV. Source: Xsens website.
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Figure 5.12: Schematic representation of the single sensor with the 3 snap buttons which
can be used to fix it on the fabric. View from below.

follows all planned therapy. It must be comfortable to wear, especially for people who

have had shoulder surgery.

Two particular models were identified by comparing available solutions: a shoulder

brace and an elastic sports shirt. The first appears suitable to record a smaller amount

of movement, i.e. measurements lasting a few hours (<=4h) but not for a whole day

and for monitoring patients with movement restrictions, e.g. after shoulder surgery,

taking advantage of its containment features. The second may be more suitable for

when the amount of movement to perform is wider (e.g., reaching high objects, playing

some sports) and monitoring has to be performed during daily living (e.g. working). In

these cases, it is mandatory to minimize its presence.

The best solution in specific post-operative contexts may be using the brace provided

by the physiotherapist. Therefore, working on an algorithm to calibrate the Sentry on

the specific brace rather than searching for the most suitable model.

Finally, consideration must be made on the data that can be read once a brace is

worn. Unless a custom solution is designed, tailored (and adaptable) to the person,

it is unthinkable that the measurement obtained on the support is equivalent to that

obtained on the skin, in particular, if the physiotherapist provides the solution and the

Sentry is applied to it with a versatile band. The reasons are many: poor sensitivity

of the person in repeatable positioning of the support in an ecological environment,

sliding effects on the skin, wrinkles, among others. It is helpful to think about the
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support as a compromise that allows the position of the subject’s limb to be read in

real-time, sacrificing the goniometric precision pursued in the studio. These values are

to be read as relative positions with respect to the space accessible to the patient. For

example, the system does not need the absolute value of Pitch that would be measured

in the studio to understand if the subject has exceeded a certain threshold. Let us

analyze this aspect better with an example, assuming the actual Pitch reached by the

limb is θreal and the Pitch value read by the sensor on a non-optimal brace is θbrace. The

Sentinel’s analysis does not require these two values to be the same to work, given that

a relative and not an absolute position check is performed. The essential requirement

is the repeatability of the data, i.e. θbrace should be the same in subsequent sessions.

Once the SSE is obtained starting from data obtained with that specific brace/shirt, if

the repeatability condition is guaranteed, the subject will receive the correct Alarms

during the daily routine, as defined in Section 2.6.1.

Further tests will be necessary to evaluate how a patient is repeatable in positioning

the brace/shirt in an unsupervised environment.
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Chapter 6

Conclusions and Future

developments
6.1 Sentry: a short guide for the reader

This chapter summarises some key aspects of the Sentry project followed in the PhD

program.

The first part is structured around four simple questions that can help frame the project

and its implications for the rehabilitation sector, as confirmed by the evidence gathered

during the various tests.

The second part contains a summary of what has been done in the three years of PhD.

The third part completes the discussion by reporting the possible future developments

of Sentry.

The idea behind the Sentry project

Sentry is a smart wearable that can improve the effectiveness of post-surgery rehabilita-

tion and help in neurologic physiotherapy. Sentry allows the clinician to continuously

observe the patient’s exercises and movements at home or work environment, provid-

ing objective data during the clinical sessions and summarising the state of recovery of

the limb through detailed periodic reports.

How Sentry can be used in the clinical environment?

Sentry is a device designed to be easily integrated into usual rehabilitation practices,

thus adding value to the common physiotherapy interventions. From this point of view,

it has all the premises to be implemented. Its development was focused on simplicity

and ease of wearability, allowing anyone to start using it in clinics and acquire data

quickly.
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What is the added value of Sentry in the clinical setting?

The main advantage of the technology behind the Sentry is that it can be attached

directly to the patient. The clinician can measure movements almost independently of

the context, and this is the main difference between inertial technology and any other

motion analysis technology currently tested in the clinic. The physiotherapist needs

to evaluate the actual movement parameters of a person, avoiding the modifications

induced by the clinical context. Sentry has the features to collect objective data in an

ecological setting, acquiring meaningful information about the subject’s behaviour

in his environment through a long time interval. The market offers a lot of different

devices designed to measure specific aspects of motion, such as force platforms or

electro-goniometers. However, all of these essentially serve to measure the subject’s

ability in a controlled environment. In the clinic, the need is to have ecological data, i.e.

objective observation of performance in real-life conditions for a long duration. Sentry

is designed to guarantee prolonged sessions that cover even the patient’s entire day,

unlike most alternatives that offer a limited acquisition time.

As the average age of the population in industrialised countries advances, the need to

improve efficiency and reduce costs in the rehabilitation sector becomes increasingly

evident with rising attention to the implementation of telerehabilitation. Technologies

that can provide objective and comparable data over time and supervise the correct

execution of exercises at home reduce the impact on the clinics and their related costs,

both for patients and the health system.

6.2 What has been done

The first part of the thesis work was identifying the use cases and the preliminary

design of the system to have a base from which to start the first tests. This base

was then developed and expanded over the years of the project, taking into account

the tests carried out and both hardware and software developments. Requirements

allowed finding the best technology for this type of application, an economical sen-

sor capable of following the patient’s movements in an ecological environment: the

Inertial Measurement Unit (IMU). IMUs have the best price/performance ratio to
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comply with the identified use cases. The IMU technology has been exhaustively

tested, as reported in Chapter 3, by performing several measurement campaigns using

a couple of Bosch BNO080s. Results have been published on the IEEE Sensors Jour-

nal [Stanzani et al., 2020]. It was estimated an angular accuracy of 5.0 deg for the fused

yaw, 5.4 deg for the fused pitch, and 1.3 deg for the fused roll. These measurements

can be affected by local distortions in the magnetic field, reducing accuracy. The device

must be kept at least 30 cm from electric equipment turned on or containing ferro-

magnetic materials. The measurement uncertainties seem to be more than acceptable

for the clinical applications targeted by the system [Hoving et al., 2002, Riddle, 1987,

Mullaney, 2010, Kolber et al., 2012, van de Pol et al., 2010]. The battery life allows the

device to guarantee an ecological analysis with about 12 hours of continuous use, this

with the relatively small battery tested on the Sentry V2 (600 mAh). The new Sentry

version, called V3, has a 70% larger battery, as described in Section 2.5.1. Finally, tem-

perature variation tests showed negligible effects on orientation measurements. Tests

were then performed on people using the Vicon as a reference for the measurements.

Excluding the roll values calculated in the rotations, for which a new algorithm is

required that takes into account the singularity point for pitch approaching ±90 de-

grees, the average deviation between the measurements provided by the Vicon system

and the Sentry are equal to (8.3± 4.6) deg. The movements are compatible with the

accuracy data reported in the Bosch BNO080 sensor manual, which is between 5 and

10 degrees depending on the application [Hillcrest, 2017].

As expected, the more complex on-person tests have highlighted several external fac-

tors that can introduce systematic errors to the measurement and need to be corrected

with future releases. These include positioning, deformations of the muscles during

movements, offsets that vary from person to person, and compensatory movements

of complex joints. Before proceeding with a complete validation of the instrument

for clinical purposes, more advanced algorithms to compensate for these factors and

overcome the discontinuity points on the vertical axis are needed.

Considering the target use, the lower accuracy compared to other systems that can

only be used in a controlled environment and require constant supervision (e.g. optical

motion analysis system) is largely compensated by the characteristics that make a
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wearable device of this type unique (ease and unsupervised use, low cost, ecological

monitoring). The recommended application is the analysis of specific movement thresh-

olds (e.g. arm lift, movement speed, motion quantity). For rehabilitation purposes, a

field in which usually the indications on the movements to be avoided and the exercises

to be performed mainly were vocal and not monitored, an accuracy of even 10 degrees

to be conservative is considered sufficient.

Once the test on the sensors were completed, the second hardware component of the

Sentry system was tested: the solution for wearing the sensors in different contexts.

Different solutions were identified, based on requirements defined during the first year,

and tested both in the laboratory and on people, identifying a couple of solutions for

the ecological wearing, which can serve as a basic model for implementing a custom

version. Finally, a composite double-sided adhesive was identified for applying sensors

directly to the skin for studio sessions.

In the three years of development, the device passed from TRL1 to TRL6, arriving at

a working version accompanied by an App. Experimental results showed good func-

tionality regardless of the support used. The questionnaires administered to clinicians

demonstrated the ease of use of the management software. Feedback has been collected

both on software and hardware on participants not involved in the development, which

allowed to optimise all the aspects of the Sentry’s ecosystem significantly.

Sentry appears as a tool of considerable clinical value from the studies carried out. The

main advantages of this device are reduced battery consumption and a small footprint.

These features can guarantee long data acquisition periods, even in an ecological envi-

ronment. The system has many possible implementations, from work injury prevention

to daily life activities home assessment. Sentry can respond to the demands of the

rehabilitation sector, which is slowly evolving to face the ageing of the population in

developed and developing countries.

6.3 Future development

By starting from the achieved positive results, future efforts will be focused on the

further evaluation of the best solution to overcome the singularity points of inertial

sensors on the vertical [Kang and Park, 2011]. The solution can be both hardware and
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software. However, the latter is preferable since it would allow re-analysing the data

acquired in the on-person tests to update the deviation calculated with the Gold Stan-

dard.

Subsequently, it will be necessary to carry out on-person tests to estimate the average

variation introduced by the identified support solutions compared to the analysis on

the skin and the repeatability of positioning for non-supervised patients. For this test,

reaching movements can be carried out in known positions to compare the initial

values, with sensors on the skin, with the final values, with sensors on the removable

media. From these data, it will be possible to search for an algorithm to compensate for

the variation through a calibration algorithm for each patient and support.

In recent years, the health care field is seeing increasingly close cooperation between

clinicians and data scientists, bringing new tools that improve the interaction between

humans and computers, leading to the era of Digital Health [Kataria, 2018]. Digital

Health can help reduce limitations such as distance and time, making it possible to

make treatments more efficient, which can translate into savings in the order of billions

of euros annually [Kataria, 2018], not to mention the positive impacts on the environ-

ment.

New digital instruments are approved each year, becoming tools of everyday use in

clinical practice. Instruments such as wearable sensors and IoT devices, real-time data

analysis tools, new algorithms such as Artificial Intelligence and new tools such as

Virtual Reality make it possible to acquire and analyse the patient’s status in new ways,

opening to new analysis sectors.

In the rehabilitation sector, the concept of digital coach is becoming increasingly popu-

lar [de Kok et al., 2015]. A digital coach is a virtual environment built around sensors

that analyse movements and generate appropriate instructions through an avatar by

providing motivational and relevant feedback to maximise the learning gain. A sub-

stantial part of the development work of the Sentry system will be to develop guided

exercises that can serve as a basis for a future digital coach based on different sensors

applied to the Sentry or an interface between the Sentry and a pre-existing digital

coach. Algorithms need to be developed for real-time analysis of exercises provided

by the physiotherapist. The main parameters to be analysed are the execution speed,
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movement fluidity (e.g. jerk analysis), and the reaching task’s precision. For example,

this analysis can be carried out by showing some objects on a screen and separating

different reaching phases with acoustic signals. This auditory adding would allow the

patient to acquire the movement better and reproduce it without constantly having

a graphical representation. Acoustic feedback can guide execution parameters such

as speed or frequency and indicate the goodness of the movement performed. As

widely demonstrated in the literature, extensive evidence promotes the use of arti-

ficially produced sound cues as an effective feedback mechanism to support motor

skill learning [Schaffert et al., 2019], and rhythmic auditory stimuli can increase the

efficiency of the motor system [Crasta et al., 2018]. Synchronous auditory feedback can

ameliorate the correction-to-error mechanism [Hossner et al., 2015, F Dyer et al., 2015,

Sigrist et al., 2015] and allow the patient to have a continuous-time reference used to

solicit auditory-motor synchronization and promote sustained functional changes to

movement [Murgia et al., 2015, Thaut, 2007, Thaut et al., 2015]. Repetitive patterns can

trigger habit-related mechanisms in the patient and thus generate expectations while

waiting for the next sound. This expectation mechanism promotes motor preparation

in anticipation of future movement, improving the quality and accuracy.

To conclude, let us go back to where it all began, that is, from the research question

reported in the Introduction, which is very broad and goes beyond this thesis work:

"Can a low-cost inertial tool to monitor the postoperative patient in an ecological

environment improve the effectiveness of the treatment compared to the in-studio eval-

uations alone?". As explained in Section 1.5, this is a simple question which, however,

requires multiple intermediate steps, the first of which is this thesis work. Now that the

hardware and software are usable, albeit followed by an expert clinician, it is possible

to start planning the studies necessary to answer the question.
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Chapter 7

Other activities
7.1 Articles published

During the three years of PhD, I participated in other studies related to movement

analysis at the Rehelab Laboratory of Savona (SV), Italy. These works have been

collected in 2 publications. Here are reported the title and abstracts, which are added

to the laboratory characterisation of inertial sensors.

1) Stanzani, R., Dondero, P., Mantero, A., & Testa, M. (2020). "Measurement Accuracy

of an Upper Limb Tracking System Based on Two Hillcrest Labs BNO080 IMU Sensors: An

Environmental Assessment". IEEE Sensors Journal, 20(17), 10267-10274.

2) Sansone, L.G., Stanzani, R., Job, M., Battista, S., Signori, A., & Testa, M. (2021).

"Robustness and static-positional accuracy of the SteamVR 1.0 virtual reality tracking system.

Virtual Reality", 1-22.

Abstract: The use of low-cost immersive virtual reality systems is rapidly expanding.

Several studies started to analyse the accuracy of virtual reality tracking systems, but

they did not consider in depth the effects of external interferences in the working

area. In line with that, this study aimed at exploring the static-positional accuracy and

the robustness to occlusions inside the capture volume of the SteamVR (1.0) tracking

system. To do so, we ran 3 different tests in which we acquired the position of HTC

Vive PRO Trackers (2018 version) on specific points of a grid drawn on the floor, in

regular tracking conditions and with partial and total occlusions. The tracking system

showed a high inter- and intra-rater reliability and detected a tilted surface with respect

to the floor plane. Every acquisition was characterised by an initial random offset.

We estimated an average accuracy of (0.5 ± 0.2) cm across the entire grid (XY-plane),

noticing that the central points were more accurate (0.4 ± 0.1) cm than the outer ones

(0.6 ± 0.1) cm. For the Z-axis, the measurements showed greater variability and the

accuracy was equal to (1.7±1.2) cm. Occlusion response was tested using nonparametric
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Bland–Altman statistics, which highlighted the robustness of the tracking system. In

conclusion, our results promote the SteamVR system for static measures in the clinical

field. The computed error can be considered clinically irrelevant for exercises aimed

at the rehabilitation of functional movements, whose several motor outcomes are

generally measured on the scale of metres.

3) Job, M., Battista, S., Stanzani, R., Signori, A., & Testa, M. (2021). "Quantitative

Comparison of Human and Software Reliability in the Categorisation of Sit-to-Stand Motion

Pattern". IEEE Transactions on Neural Systems and Rehabilitation Engineering, 29, 770-

776. Abstract: The Sit-to-Stand (STS) test is used in clinical practice as an indicator of

lower-limb functionality decline, especially for older adults. Due to its high variability,

there is no standard approach for categorising the STS movement and recognising its

motion pattern. This paper presents a comparative analysis between visual assessments

and an automated-software for the categorisation of STS, relying on registrations from

a force plate. 5 participants (30±6) years took part in 2 different sessions of visual

inspections on 200 STS movements under self-paced and controlled speed conditions.

Assessors were asked to identify three specific STS events from the Ground Reaction

Force, simultaneously with the software analysis: the start of the trunk movement (Ini-

tiation), the beginning of the stable upright stance (Standing) and the sitting movement

(Sitting). The absolute agreement between the repeated raters’ assessments as well

as between the raters’ and software’s assessment in the first trial, were considered as

indexes of human and software performance, respectively. No statistical differences

between methods were found for the identification of the Initiation and the Sitting

events at self-paced speed and for only the Sitting event at controlled speed. The es-

timated significant values of maximum discrepancy between visual and automated

assessments were 0.200 [0.039; 0.361] s in unconstrained conditions and 0.340 [0.014;

0.666] s for standardised movements. The software assessments displayed an overall

good agreement against visual evaluations of the Ground Reaction Force, relying, at

the same time, on objective measures.

125



7.2. Conference Proceedings

7.2 Conference Proceedings

1) R. Stanzani, P. Dondero, A. Mantero & M. Testa. "Measurement accuracy of an Upper

Limb Tracking System based on IMU sensors: An Environmental Assessment". XXIII Biennial

International Society of Electrophysiology and Kinesiology (ISEK) Congress, 2020.

7.3 Invited speaker: Scientific Conferences

1) 18/05/2019, Campus Universitario, Savona (SV). "Sentry of Movement". Associazione

Italiana dei Fisioterapisti (AIFI) Scientific Regional Congress 2019, "Robotica, tecnologie

avanzate e teleriabilitazione a supporto del fisioterapista".
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Appendix A

Wearability questionnaire (italian)
Below is reported the Italian questionnaire for the wearability study.

Gentile utente,  

in questo breve questionario, completamente anonimo, ti verranno richieste alcune 

informazioni sulla tua esperienza nell’aver indossato: 

□ la maglietta elastica  

□ il tutore  

che ti è stato consegnato il giorno ____________  dall’operatore _____________________. 

Le informazioni che fornirai ci permetteranno di migliorare la qualità del dispositivo che hai 

indossato. 

Eta: __________      Sesso:  ________    Professione: ___________   Dolore alla spalla: Si/No 

Durata del test. Ci serve sapere per quanto tempo hai tenuto e indossato il dispositivo.  

1) Per quanti giorni consecutivi hai indossato il dispositivo?  

___________ 

 

2) Per quante ore consecutive, in media, ogni giorno hai indossato il dispositivo?  

___________ 

Aderenza. Ci serve verificare che il dispositivo, una volta indossato, non crei grinze e non 

sfreghi sulla pelle. Una volta indossato, inoltre, deve avere uno spostamento nullo rispetto 

alla posizione originale. Quindi: 

3) ho avuto la sensazione che il dispositivo fosse ben aderente alla pelle: 
 

Mettere una X sulla risposta che meglio rappresenta il suo accordo con quanto appena espresso. 

0: completamente 
in disaccordo 

1:  
in disaccordo 

2:  
indeciso 

3: 
 d’accordo 

4:  
molto d’accordo 

     

Commenti (parlaci di eventuali sfregamenti, fastidi, ecc.): 

___________________________________________________________________________

___________________________________________________________________________ 

 

Comodità. Il dispositivo non deve limitare i movimenti della spalla o del tronco. Quindi: 

4) ho percepito il dispositivo comodo nei movimenti: 
 

Mettere una X sulla risposta che meglio rappresenta il suo accordo con quanto appena espresso. 

0: completamente 
in disaccordo 

1:  
in disaccordo 

2:  
indeciso 

3: 
 d’accordo 

4:  
molto d’accordo 

     

Commenti (parlaci di eventuali fastidi, costrizioni, ecc.): 

___________________________________________________________________________

___________________________________________________________________________ 
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Traspirabilità. Il dispositivo deve essere indossato anche periodi prolungati (es. durante 

un’intera giornata lavorativa). Per tale motivo non deve aumentare eccessivamente la 

sudorazione naturale della pelle e l’eventuale sensazione di umidità deve essere 

trascurabile. Quindi: 

5) ho percepito il tessuto di cui si compone il dispositivo traspirante: 
 

Mettere una X sulla risposta che meglio rappresenta il suo accordo con quanto appena espresso. 

0: completamente 
in disaccordo 

1:  
in disaccordo 

2:  
indeciso 

3: 
 d’accordo 

4:  
molto d’accordo 

     

Commenti: 

___________________________________________________________________________

___________________________________________________________________________ 

Spessore. Il dispositivo deve essere indossato nel quotidiano. Per tale motivo il suo spessore 

sotto gli abiti non deve risultare fastidioso, ad esempio non deve richiedere un cambio di 

taglia per gli abiti indossati comunemente e non deve limitare le operazioni quotidiane 

legate al vestirsi o svestirsi. Quindi: 

6) il tessuto di cui si compone il dispositivo NON è ingombrante: 

 
Mettere una X sulla risposta che meglio rappresenta il suo accordo con quanto appena espresso. 

0: completamente 
in disaccordo 

1:  
in disaccordo 

2:  
indeciso 

3: 
 d’accordo 

4:  
molto d’accordo 

     

Commenti: 

___________________________________________________________________________

___________________________________________________________________________ 

Taglia. La lunghezza della maglia deve essere correttamente dimensionata sulla persona, 

coprendo bene tutto il busto e la pancia senza lasciare parti del corpo scoperte. La larghezza 

della manica o del tutore deve risultare corretta e non creare sensazioni di compressione. 

Inoltre, non devono esserci parti di tessuto in eccesso. Quindi: 

7) la taglia del supporto provato era corretta: 
 

Mettere una X sulla risposta che meglio rappresenta il suo accordo con quanto appena espresso. 

0: completamente 
in disaccordo 

1:  
in disaccordo 

2:  
indeciso 

3: 
 d’accordo 

4:  
molto d’accordo 

     

Commenti: 

___________________________________________________________________________

___________________________________________________________________________ 
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Vestizione. La maglia/tutore dovrebbe essere facilmente indossabile, non dovrebbe 

richiedere aiuti esterni da parte di altre persone o di supporti esterni e, allo stesso modo, 

dovrebbe risultare semplice da svestire. Quindi: 

8) La facilità nel vestire/svestire il dispositivo provato è risultata nel complesso 

agevole? 
 

Mettere una X sulla risposta che meglio rappresenta il suo accordo con quanto appena espresso. 

0: completamente 
in disaccordo 

1:  
in disaccordo 

2:  
indeciso 

3: 
 d’accordo 

4:  
molto d’accordo 

     

Commenti: 

___________________________________________________________________________

___________________________________________________________________________ 

 

Di seguito può scrivere liberamente i suoi commenti e i suoi suggerimenti sul miglioramento 

della qualità del prodotto che ha indossato: 

Commenti: 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

 

 

 

Grazie per aver partecipato al questionario! 
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Appendix B

Ethics Committee Approval
Below is reported the approval document for the study provided by the Ethical Com-

mittee.

 

 
 

UNIVERSITÀ  DEGLI  STUDI  DI  GENOVA 

Comitato Etico per la Ricerca di Ateneo (CERA) 

 
 

Parere N. 2020/20 del Comitato Etico per la Ricerca di Ateneo 

 

 

Vista la richiesta di parere al Comitato etico per la ricerca di Ateneo pervenuta in data 

02/09/2020 dallo sperimentatore principale/responsabile scientifico: Prof. Marco Testa per il 

progetto dal titolo: Sentry - Confronto tra sensori inerziali e ottici nella valutazione del 

movimento del braccio e definizione dei pattern inerziali in un campione di soggetti sani e 

considerate le modifiche da apportare concordate con il responsabile scientifico, che di seguito 

si riepilogano: 

- chiarire il significato del secondo obiettivo primario: caratterizzazione dei pattern 

inerziali funzionali, in modo da studiarne il tracciato e la ripetibilità in soggetti diversi. 

- nella descrizione del trattamento dei dati in forma cartacea menzionare che la gestione 

riguarda sia i dati personali sia quelli raccolti con il questionario. Fare riferimento alle 

due tipologie anche nell’informativa per il trattamento dei dati personali. 

Si comunica quanto segue: 

il Presidente verificato che le richieste di modifica avanzate dal CERA sono state accolte e 

apportate, a seguito del mandato a procedere ricevuto dal Comitato nella seduta del 24/09/2020, 

esprime parere favorevole per l’attuazione dello studio. 

 

 

Genova, 08/10/2020 

 

        Prof. G. Bonanno 

                  (Presidente CERA) 

(documento firmato digitalmente) 
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Appendix C

App questionnaire

Sentry: Test on the App  1 

 

Test on Sentry’s App 
ID (for the supervisor): A-_____ 

 

Date (dd/mm/yyyy):  ____/____/______  

 

Dear participant,  

in this test session, you are asked to explore some of the functionalities of the Sentry prototype that has been 
provided to you. To do this, you need to perform 8 subsequent tasks by using the Sentry PhysioTool App 
(hereinafter "App"), i.e., the device's companion app. 

Under each task description, you can write some notes to describe any problems detected, or doubts. These 
notes are optional for tasks that you have completed but mandatory for tasks you failed to complete. 

Before starting to use the Sentry Application (App in the following), it is necessary to read the Sentry User 
Manual (hereinafter "Manual") and/or have seen the Video which supports the Manual. 

After the task list, you will be asked for some information about your experience in a short and completely 
anonymous questionnaire. The information you provide will allow us to improve the quality of the device. 
Please answer all the following questions. 
 

Age: ______      Sex:  ____________    Profession: __________________________   

 

IMPORTANT: before proceeding, carefully read the Disclaimer contained in the supplied User Manual. 
The same Disclaimer is presented when you start using the App. 

 

1. Creating and Editing a Patient. 
Short description: you are asked to add a new patient in the Sentry database and then to modify its 
information. Follow the procedure described in the Manual by entering data at will, save the patient, 
and then modify some of the data you entered.  

Tip: read Section 14a of the Manual to access the App, then section 14b and section 14c.  

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 

     

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 
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Sentry: Test on the App  2 

From this moment you will play the role of the clinician who takes charge of the newly created patient. 
You will be asked to perform some simple tasks, thus simulating the management of a real patient. 

 

2. Entering an appointment in the Agenda  
Short description: you are asked to add an event in the calendar associated with the previously created 
patient.  
Tip: read Section 14c of the Manual.  

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 

     

 

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 

 

3. Entering a new Note  
Short description: you are asked to enter a Note relating to the patient created. 
Tip: read Section 14c of the Manual. 

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 

     

 

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 

 

4. Sentry pairing  
Short description: you are asked to pair a Sentry device with the App. You will also learn how to read 
the status of the device's LEDs. 
Tip: read Sections 14d and 10 of the Manual. 

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 
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Sentry: Test on the App  3 

     

 

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 

 

5. Sentry’s calibration procedure 
Short description: The Sentry device is based on Inertial Sensors (IMUs), which require an 
environmental calibration procedure before usage. You are asked to perform such procedure. 
Tip: read Section 13 of the Manual and watch the “calibration-sentry.mov” video. 

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 

     

 

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 

 

 

6. Use of the Goniometer Mode (at least 2 full acquisitions) 
Short description: you are asked to perform measurements relating to the mobility of your patient's 
shoulder. In order: 1. place the Sentry on your patient’s arm (directly on skin); 2. acquire 3 
measurements for each of the 10 movements and Save; 3. repeat the second step once. You will need 
the acquired data in the next task. 
Tip: read Section 14e of the Manual. 

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 

     

 

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 

 
 
 

7. Report consultation for the Goniometer Mode 
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Sentry: Test on the App  4 

Short description: you are asked to observe the data of the Goniometric Mode’s measurements of Task 
6.  
Tip: read Section 14h of the Manual. 

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 

     

 

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 

 

8. Use of the Sentinel Mode and acquisition of a Work Space 
Short description: you are asked to learn the basics of acquiring a 'Work Space', defined as the three-
dimensional volume of the space in which the limb movements of the patient wearing the Sentry will 
be allowed.  
Tip: read Section 14f of the Manual and watch the “sentinel-movements.mov” video. 

Have you completed the task? □ Yes    □ No  

This task was easy to accomplish with the information provided in the manual and/or video: 

Put an X on the answer that best represents your evaluation 
0:  

Completely disagree 
1:  

Partially 
disagree 

2:  
Not sure 

3:  
Partially agree 

4:  
Completely agree 

     

 

Notes: 
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 
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Sentry: Test on the App  5 

QUESTIONNAIRE 
 

1. Questions about the material provided 
 

A) What tool did you use to learn the basics of how the Sentry App works? 
□ I viewed the video 
□ I have read the guide 
□ both 

 
B) How do you rate the material provided (video and/or documentation)? 

 
Indicate with an X the answer that best represents your evaluation 

0:  
Bad 

1:  
Not great 

2:  
I don’t know 

3: 
 Good 

4:  
Excellent 

     

Any additional comments: 
________________________________________________________________________________________________
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 

 

2. Questions about using the App  

A) Overall quality. How do you rate the overall quality of the app? 

 
Indicate with an X the answer that best represents your evaluation 

0:  
Bad 

1:  
Not great 

2:  
I don’t know 

3: 
 Good 

4:  
Excellent 

     

Any additional comments: 
________________________________________________________________________________________________
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 
 

 

B) Problems encountered. Which of the problems listed below represented the major problems that you 
encountered in the use of the App? 

Please provide a maximum of 3 answers. 

□ the use of the App is confusing (e.g. it is not easy to find the desired features, the interface is messy and 

not intuitive, etc.) 

□ there are some bugs (i.e. you encountered some malfunctions) 

□ the app crashes (i.e. the app unexpectedly exits) 

□ some functionalities or necessary/basic buttons are missing  

□ the App interface is not attractive (e.g. design, choice of colors and/or images, icons, logos, etc.) 

 

Any additional comments: 
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Sentry: Test on the App  6 

________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________ 

 

3) Strengths. What did you like most about your experience of using the App?  

Please provide a maximum of 3 answers. 

□ the App is stable (e.g. it does not produce unexpected errors, and does not turn off suddenly) 

□ the graphical interface of the App is attractive (e.g. color palette, graphic design, etc.) 

□ the contents provided by the App are appropriate for use by the Clinician (e.g. there are no useless features, 

misleading or redundant contents) 

□ the App is easy to use (using the various features provided is easy and it is easy to find the desired contents) 

□ the App is fast (the response times between clicks and the execution of functions is very fast)  

Any additional comments: 

________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________ 
 
 
 

4) Critical aspects. What you liked least about your experience of using the App?  

Please provide a maximum of 3 answers. 

□ the App is not stable (e.g. it produces unexpected errors, suddenly shuts down) 

□ the look and feel of the App is not attractive (eg. color palette and graphic design) 

□ the contents provided by the App are not appropriate for use by the Clinician (misleading or redundant 

content is present) 

□ the App is not easy to use (using the features provided and finding the desired contents is not easy) 

□ the App is slow (the response times between clicks and the execution of functions is very slow)  

Any additional comments: 

________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________ 

 

5) Suggestions. Would you change or modify something in the App? 

________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________ 
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Sentry: Test on the App  7 

6) Clinical implementation. do you think you would use the Sentry App in your clinical practice? 

 
Indicate with an X the answer that best represents your evaluation 

0:  
Not 

1:  
Probably not 

2:  
I’m not sure 

3: 
 Probably yes 

4:  
Yes 

     

What are the reasons for your choice?  
________________________________________________________________________________________________
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 

 

In case you have comments and/or suggestions aimed at improving the quality of the App you used: 

________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________ 
 

 

Thank you for participating! 
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Appendix D

Disclaimer and Precautions
D.0.1 Disclaimer

The actual version of the App is a beta version, intended for test purposes only, and

should not be used to express any medical consideration, assessment, or diagnosis.

All information contained is merely for demonstration and informational purposes.

It is not intended as a substitute for professional advice. Please consult your health

care provider before making any health care decision or for guidance about a specific

medical condition. The authors and the developers disclaim responsibility and shall

have no liability for any damages, loss, injury, or liability whatsoever suffered as a

result of your reliance on the information displayed by the App.

Do not insert any personal information within the App. The released version of the

App is intended for demonstration purposes only, and no real personal data must be

inserted into the forms. For test purposes, you can insert dummy information (e.g.

dummy name and surname) to identify the recorded datasets and assure the complete

anonymization of the subject. You can at any moment ask for the cancellation of the

stored datasets related to your account by sending an e-mail to the authors or by

contacting the supporting company, info@shward.it.

If you have any questions or doubts (e.g. this disclaimer, the usage of the Sentry App,

or in general the privacy policy, and the rights and duty of the App user), please contact

the authors or by contacting the supporting company.

The authors and developers reserve the right to change this policy at any given time,

of which the user will be promptly updated.

D.0.2 Precautions for use

The system was developed as thesis work, so it is in effect a prototype, albeit at an

advanced stage of development, equivalent to a TRL6 [Héder, 2017], as shown in

Fig. 2.3. The device is not yet certified. For this reason, the following behavioural norms

155



were observed during the full use, as well as guaranteeing the constant presence of

expert clinicians and personnel who developed the prototype:

• the device can’t be used in humid and/or wet environments.

• the device can’t be used during charging.

• the device can’t be used in environments with temperatures above 40 degrees.

• in the case of using the brace, see Chapter 5, the participant must look on the

brace packaging for information on any allergies and to choose the right size.

• device can’t be used during activities which require to pass in tight spaces,

maximum freedom of movement, passage through scanners (e.g. airports, courts),

extreme sports

• the device can’t be used during sleep.

• the device can’t be used while using biomedical devices such as pacemakers

and/or during the execution of diagnostic exams, such as magnetic resonance.

• the use must be discontinued as soon as the need arises, even during acquisitions.

• the device can’t be left unsupervised and in an unventilated environment while

charging.
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Appendix E

Battery Specs
Below are reporte the battery specifications for the Sentry V2.
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Appendix F

App pages
Supplementary material for the description of the app functionalities.

Figure F.1: Login page of the PhysioSentry App.

Figure F.2: The page for selecting the desired Patient. The button for adding a new
Patient is visible (left bottom).
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Figure F.3: The Homepage.

Figure F.4: The Sentinel Mode page, in which the Clinician can choose between defining
a new Safety Space (left button), Inspecting a previously-acquired one (middle button)
or analyzing the ecological behaviour of the Patient in a selected period (right button).
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Figure F.5: The wizard for acquiring a new Work Space. The wizard comprises 6
different pages (numbered on the top of the page). The Clinician is asked to perform
the actions required on the current page and proceed to the next page after completing
the activity. The selected arm is shown at the bottom of the page, and animation helps
the Clinician understand which movements the Patient is asked to perform.

Figure F.6: Acquired WSE page in the case of an alarm (yellow background colour).
The Virtual Volume is represented as a surface in which the instantaneous position of
the Patient’s limb is a green dot (left). The 3 rotation bands are shown on the right side.
The abduction axis is common to both representations.
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Figure F.7: Goniometer page. The 10 different movements can be selected from the
buttons at the top of the page. Bottom left section: the goniometer, which graphically
represents the instantaneous angle and the 3 acquired values, with their average in
green. Bottom middle section: buttons to save or delete the last acquired value, add a
Note about the acquisition, and change the arm.

Figure F.8: The pop-up for selecting the patient’s perceived pain level.
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Figure F.9: The selection of the 4 different reportings modes.

Figure F.10: The goniometer’s reports. The preview shows 10 different planar move-
ments.
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Figure F.11: The single movement’s detailed view.

Figure F.12: The multichart view for the Goniometer mode.
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Appendix G

Device Calibration
The Sentry device is based on IMUs, which require an environmental calibration

procedure before being used [HillCrest, 2017b]. The procedure is described below. It

is essential to perform all the described rotations while the execution order is not

stringent. The real-time calibration level can be checked on the Tools Page by clicking

on the "Test Sentry" button, shown in Fig. G.1. From the "Calibration" field, it is possible

to read the calibration status:

• 0: no calibration, calibration is required.

• 1: poor calibration, calibration is required.

• 2: acceptable calibration, calibration is recommended, even if the device is already

working correctly.

• 3: good calibration, the device is properly calibrated

The calibration level is maintained after closing the app. The device can gradually lose

the calibration if exposed to an environment with magnetic disturbances, e.g., by ap-

proaching it less than 30 cm from electronic devices or ferromagnetic objects [Stanzani et al., 2020].

For optimal use of the device, both sensors must show a value equal to or greater than

2; otherwise, it is suggested to repeat the calibration procedure.

Calibration procedure

Below is reported the rotation diagram for the inertial sensor calibration procedure.

The sensors are schematized in the images below as two adjacent and independent

white boxes without the connection cables. All the images depict the three orthogonal

axes (x, y, z) of both sensors, and arrows represent the rotations with the colour of the

axis around which the rotation occurs (red = x, green = y, blue = z). Procedure:

164



Figure G.1: The tools page, containing all the functionalities to manage the connected
device.

• The sensors are placed in the Stationary State: both sensors aligned and parallel

to the ground.

• Both sensors are rotated 90 degrees upwards (around the y-axis, in green) and

held in the new position for 3 s. The sensors are returned to their Stationary

State. The reference system of both sensors is indicated with the three axes, where

(R,G,B)=(x,y,z).

• Both sensors are rotated 90 degrees downwards (around the y-axis, in green) and

held in the new position for 3 s. The sensors are then returned to their Stationary

State.

• Both sensors are rotated 90 degrees on the left side (around the x-axis, in red) and

held in the new position for 3 s. The sensors are then returned to their Stationary
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State.

• Both sensors are rotated 90 degrees on the right side (around the x-axis, in red)

and held in the new position for 3 s. The sensors are then returned to their

Stationary State.

• Both sensors are rotated 180 degrees on one side (bringing the lower part upwards,

rotating around the x-axis, in red) and held in the new position for 3 s. The sensors

are then returned to their Stationary State.

• Both sensors are rotated upwards with a movement lasting about 2 s until they

reach 180 degrees (bringing the lower part upwards, by rotation around the

y-axis, in green) and rotated back with the same speed.

• Both sensors are rotated to the right side up to 180 degrees (rotating around the

z-axis, in blue) and rotated back with the same speed.
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• Both sensors are rotated with a movement lasting about 2 s towards one side, up

to 180 degrees (bringing the lower part upwards, by rotation around the x-axis,

in red) and rotated back with the same speed.
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Appendix H

Robotic arm additional material

Figure H.1: The developed interface used to control the robotic arm. Left: the buttons
to control movement and to perform the initial calibration. Right: the logging of the
movements and the sliders to control the speed for each axis.

Table H.1: Yaw angular precision for the robotic arm at D1 from the wall. At is the
theoretical angle, Am is the measured one, U is the angular uncertainty and % is the
percentage deviation between At and Am.

At Am U %

1 0.9 0.03 10.00
2 2.05 0.03 2.50
5 4.97 0.04 0.60
10 9.96 0.04 0.40
11 11.13 0.05 1.18
15 15.11 0.05 0.73
18 18.08 0.07 0.44
20 20.17 0.07 0.85
22 22.17 0.07 0.77
25 25.04 0.08 0.16
26 26.2 0.08 0.77
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Table H.2: Pitch angular precision for the robotic arm at D1 from the wall. At is the
theoretical angle, Am is the measured one, U is the angular uncertainty and % is the
percentage deviation between At and Am.

At Am U %

1 0.89 0.06 11.00
2 1.93 0.06 3.50
3 2.9 0.06 3.33
5 4.95 0.06 1.00
10 10.04 0.04 0.40
11 11.1 0.05 0.91
15 15.15 0.05 1.00
18 18.05 0.07 0.28
20 20.05 0.07 0.25
22 22.12 0.07 0.55
25 25.04 0.08 0.16
26 26.26 0.08 1.00

Table H.3: Yaw angular precision for the robotic arm at D2 from the wall. At is the
theoretical angle, Am is the measured one, U is the angular uncertainty and % is the
percentage deviation between At and Am.

At Am U %

26 25.17 0.31 3.19
30 29 0.3 3.33
35 34.01 0.29 2.83
45 44.03 0.25 2.16
60 58.42 0.21 2.63
80 78.5 0.07 1.88

Table H.4: Pitch angular precision for the robotic arm at D2 from the wall. At is the
theoretical angle, Am is the measured one, U is the angular uncertainty and % is the
percentage deviation between At and Am.

At Am U %

26 26.57 0.31 2.19
30 30.68 0.3 2.27
35 35.98 0.28 2.80
45 46.59 0.24 3.53
60 61.91 0.16 3.18
77 79.03 0.07 2.64
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Appendix I

Vicon comparison material
 
 
 
 
 

UNIVERSITÀ DEGLI STUDI DI GENOVA 

Dipartimento di Neuroscienze, Riabilitazione, Oftalmologia, 
Genetica e Scienze Materno-Infantili 

 
 

 

  

 

SCHEDA DATI 

 

 

Data: ____/____/______          (per lo sperimentatore) ID Soggetto: ________________________ 

 

 

Età: _______                Sesso:         M           F            

    

Peso: ______ kg                Altezza: ______ cm 

 

Arto dominante:  

SX   DX  

 

• Ha mai subìto interventi chirurgici, fratture o altre lesioni anche di lieve entità alla spalla 

dominante?  

□ Sì     □ No 

             

• Le è mai stata diagnosticata una delle seguenti patologie alla spalla dominante? Artrosi, lesione della 

cuffia dei rotatori, lussazione, sindrome dello stretto toracico, tendinite, lesioni muscolari, strappi, 

stiramenti? 

                                                                  □ Sì    □ No 

 

• Attualmente è affetto o ha sofferto negli ultimi 6 mesi di disturbi muscoloscheletrici alla spalla 

dominante (dolore, limitazioni di movimento, formicolii, perdita o riduzione della forza o della 

sensibilità etc.), tali da aver dovuto effettuare delle terapie (farmaci, fisioterapia o altro) o che le 

hanno impedito/limitato le sue attività lavorative, domestiche, o i suoi hobby?    

                                                                  □ Sì    □ No 

n.b. Astenersi dall’attività fisica intensa agli arti superiori nelle 48 ore precedenti all’esperimento (es. 

sollevamento pesi, body building) e/o attività lavorative/ludiche che comprendano un elevato utilizzo degli 

arti superiori soprattutto oltre i 90° di movimento, come ad esempio nelle attività di trasloco, imbiancamento 

delle pareti, arrampicata sportiva, ecc..) 
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EDINBURGH HANDEDNESS INVENTORY (Oldfield, 1970) 

Data: (Per lo Sperimentatore) Soggetto numero:                                               

Cognome:                                                 Nome:                      

Genere:                         Data di nascita:                                        Scolarità:                                                  

Per favore indichi che mano preferisce utilizzare nelle seguenti attività inserendo un “+” nella colonna 

appropriata.  

Quando la preferenza è decisa inserisca un “++”.  

Se l’utilizzo di una mano piuttosto che l’altra per lei è indifferente inserisca un  “+” in entrambe le colonne. 

Alcune attività richiedono l’utilizzo di entrambe le mani, in questo caso tra parentesi sono segnalate le parti 

dell’attività, o dell’oggetto, di interesse.  

Per favore cerchi di rispondere a tutte le domande, lasci bianco solo quando non ha assolutamente nessuna 

esperienza dell’attività o dell’oggetto in questione. 

 

 

Calcolo del quoziente di lateralità: (dx-sx) / (dx+sx) 

 
 

  
 

Sinistra 

 
 

Destra 

1 Con che mano scrive?   

2 Con che mano disegna?   

3 Con che mano lancia un sasso?   

4 Con che mano usa le forbici?   

5 Con che mano usa lo spazzolino da denti?   

6 Con che mano usa il coltello senza forchetta?   

7 Con che mano usa il cucchiaio?   

8 Con che mano accende un fiammifero?   

9 Con che mano impugna la scopa (mano superiore)?   

10 Con che mano apre un barattolo (mano che svita il coperchio)?   

    

I. Con che piede preferisce calciare un pallone?   

II. Che occhio userebbe se e quando dovesse usarne uno solo (per es: 
guardare nel buco della serratura)? 

  

III. Ha parenti prossimi mancini (genitori, fratelli, nonni)?   

IV. È stato corretto al mancinismo? Da piccolo lo hanno forzato ad usare la 
mano destra? 
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