
  

 

Abstract— In this  work two innovative devices were designed 

and developed to measure infants’ spontaneous movements: a 

sensorized pacifier and two sensorized soft handles. These tools 

can be employed to evaluate non-nutritive sucking and grasping 

pressures realized by infants respectively during the 

presentation of adequate stimuli, following a well-framed 

clinical protocol. Throughout the trial, specific stimuli should 

promote an increase of those natural movements, according to 

the imitation-based paradigm of the mirror-neurons system. 

  

I. INTRODUCTION 

Mirror neurons are neurons that spike when an individual 

performs an action and when he or she observes a similar one 

made by others [1].  

Recent studies claim that the basic elements of the mirror-

neurons system (MNS) are active since the early days of life 

but it has been less studied in infants because the techniques 

used with monkeys and adult humans are not applicable on 

them [2]. 

On the base of this necessity, our work is aimed to develop 

proper devices to evaluate the possible presence of MNS in 

newborns. The key idea is measuring sucking and grasping 

[3], two important action systems that develop in the first 

year of life, during the presentation of stimuli that should 

cause the imitation.  

II. MATERIALS AND METHODS 

On the base of literature and clinicians’ guidelines, the 

sensorized pacifier measures the trend of the expression and 

suction pressures, during non-nutritive sucking in the first 

month of infants’ life. The teat is commercially available; the 

selected sensors (LPS331AP, STMicroelectronics) are 

suitable for the present application thanks to their small size 

and working range (26-126 kPa). They are contained in an 

acrylic resin case purposively designed (Fig.1A). The 

pressure data can be accessed through an Inter-Integrated 

Circuit (I²C) interface.  

In order to evaluate grasping forces in infants from 1 to 4 

months of life, two compliant handles have been designed 

and developed for both hands (Fig.1B). The tools consist in 

two soft air-filled chambers made by elastomers (RTV 4428 

by Silbione®). An analog piezoresistive pressure sensor 

(MS147105GT, Measurement Specialties), fixed within each 
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chamber, has been chosen for his sensitivity (1,8 mV/kPa), 

working range (0-35 kPa), small dimensions. 

For both the devices, acquisition and signal processing are 

performed thanks to a custom LabVIEW software 

(LabVIEW, National Instruments). 

A purposive clinical protocol has been defined using the two 

developed devices. The key idea of the study is analyzing the 

newborns’ imitation capability during the presentation of 

four tasks, with an increasing grade of congruence respect to 

the action that is under analysis. 

The clinician is supported in the protocol execution by vocal 

commands and LEDs that are managed by a custom 

LabVIEW software with a user-friendly graphic user 

interface (Fig.1C). 

 

 
Figure 1.  A.The sensorized pacifier; B. The sensorized handle (dimensions 

are in mm); C. The graphic user interface for managing the clinical protocol. 

III. RESULTS  

A new methodology for an objective measurement of 

sucking and grasping parameters has been integrated in 

portable, non-intrusive, low-cost devices, employed during 

the execution of a specific clinical protocol. 

The results obtained from the ongoing pilot studies should be 

useful for detecting and understanding any deficit that may 

arise during development and which could compromise the 

social and cognitive faculties of children. 
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