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Abstract  

The biomedical sensors are the electronic devices which converts the biomedical signals into 

electrical signals for measurement of biomedical activities. The additive manufacturing is one 

of the proved technologies for the manufacturing of functional as well as nonfunctional 

prototypes. The additive manufacturing processes in form of various technologies have been 

reported for the preparation of sensing structures. The among the different biomedical sensors 

such as; physical sensors, chemical sensors, bio-potential sensors and bio-analytic sensors, 

the additive manufacturing of physical sensors have been widely reported by previous 

studies. The physical sensor includes sensors includes sensors such as; geometric, 

mechanical, thermal, hydraulic, electric and optical sensors. The present study is a state of the 

art review for the preparation of physical sensors by additive manufacturing processes. This 

study highlights the overview of previous studies and direction for future studies for 

manufacturing of physical sensors by additive manufacturing approach. 
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 INTRODUCTION 

 

Sensors are the essential part essential part for biomedical field which counts the activities in 

form of output as electrical signals. The additive manufacturing is one of the most applicable 

technologies for the manufacturing of sensors. The additive manufacturing is best known for 

manufacturing of customized and design flexible sensors for the range of biomedical 

applications[1], [2]. The previous studies have been reported for the number of studies which 

have shown the promising manufacturing of functional sensors by using additive 

manufacturing technologies. [3]have been reported the additive manufacturing process for the 

manufacturing[4]–[6] of deformable hydrogel bases strain sensor. The bio-analytic sensors 

are also among the biomedical sensors which may be also manufactured by using additive 

manufacturing techniques. The study has been reported for the additive manufacturing of 

electrochemical systems [7]. [8]have been highlighted the preparation of 

polyvinylidenedifluoride-Zinc oxie (PVDF-ZnO) based feedstock filaments of fused filament 

based sensors for the manufacturing of the sensors in biomedical applications. The study 

performed by [9]has been supported by the shape memory investigations for possible 
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biomedical applications. In the satellite qualification structural applications, the role of the 

multi-materials additive manufacturing is important. The study have been reported for the 

manufacturing of embedded sensors[10] in satellite applications [11]. The study has been 

reported for the volume-invariant ionic liquid microbands based additive manufacturing 

process for the possible application in biomedical field [12]. The manufacturing of lab-on 

chip devices has been reported by using the additive manufacturing process for the 

biomedical applications [13]. In the proceeding of functional prototypes manufacturing the 

manufacturing of the stretchable and wearable devices in form of sensors component have 

been also reported (Abshirini et al., 2019). [14]have been also reported the additive 

manufacturing of the capacitive sensors for biomedical applications. The bio-inspired 3D 

printing is advancement in the additive manufacturing for the biomedical applications. 

[15]have been reported the additive manufacturing process for self-sensing capability. The 

numerous role of the piezoelectric materials have been reported for the manufacturing of 

sensors in biomedical applications. [7]have been reported the additive manufacturing of the 

piezoelectric materials for ultrasonic sensing. [16]have been proposed the additive 

manufacturing of stretchable tactile sensors. Similarly the additive manufacturing of sensors 

in biomedical applications have been reported for the various application such as; micro-

fluidic pressure sensors [17]), wire and mesh capacitive sensors; low cost electronic sensors; 

stretchable sensors using self-healing materials, battery less pressure sensors and stain 

induced biomedical sensors. 

 

It is evident from the literature that additive manufacturing is an important manufacturing 

process for the preparations of the sensors in biomedical applications. The previous studies 

have been reported for the manufacturing[4]–[6], [18] of the biomedical sensors for the 

different measurements. The present study is a state of the art review for the preparation of 

physical sensors by additive manufacturing processes. This study highlights the overview of 

previous studies and direction for future studies for manufacturing of physical sensors by 

additive manufacturing approach. 

 

Biomedical sensors 

The biomedical sensors are broadly classified as the physical sensors, chemical sensors, bio-

potential sensors and bio-analytic sensors (see Fig. 1). The sensing by the biomedical sensors 

may be in form of fluid pressure, temperature, motion, capacitive measurement, blood 

pressure, blood flux, magnetic and electric fields. Similarly the high end biosensors can be 

used for sensing of the protein, enzymes, vitamins, DNA, RNA, dopamine, microbial 

concentration as well the antigens[15]Now a days, the additive manufacturing processes have 

been widely used for all types of materials such as; polymers, metals, oxides, ceramics, 

polymer matrix composites, metal matrix composites, alloys etc. with customized design and 

flexibility so that this techniques is most acceptable for the preparations of the biomedical 

sensors. 
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Fig. 1 Classification of biomedical sensors(Zhou et al. 2015) 

 

Additive manufacturing of physical sensors 

Fig. 2 shows the classification of the physical sensors. The geometric, mechanical, optical, 

thermal, hydraulic and electric sensors are some of the physical sensor which can be used in 

biomedical applications. The additive manufacturing has been grated as one of the promising 

techniques for the manufacturing of physical sensors. The study has been suggested the 

preparation of the stain sensors [19]stretchable tactile sensors [3]piezoelectric transducer 

[20], embedded optical element etc. by using the additive manufacturing techniques. The 

physical sensors can be prepared by using the different combination of materials such as; 

polymer-metal composites, metal-oxide composites, polymer-oxides composites, polymer-

ceramic composites, polymer-metal-ceramic-oxide composites etc. The materials 

configuration can be customized with varying the proportions for preparation of physical 

sensors in biomedical applications. 

 
Fig. 2 Classification of physical sensors (Zhou et al. 2015) 
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Future prospective for additive manufacturing of sensors in biomedical applications 

To meet the previous studies and to know the future aspects of additive manufacturing for 

preparation of physical sensors in biomedical applications the „webofscience‟ database has 

been used for analysis on VOSviewer software package. The keyword „3D printing of 

biomedical sensor‟ has been put on www.webofknowledge.com and a total of 107 results in 

form of research papers have been retrieved. The minimum number of occurrences of each 

term has been set to 7 and a total of 12381 terms found. Under minimum occurrences of each 

term 7, a total of 64 terms have been met the threshold of the study and these terms have been 

taken for network analysis (see Fig. 3).  The previous studies have been reported for the 

manufacturing of the sensors with additive manufacturing with investigations of 

performances, composites, force, sensors, detection, hudrogels, shape, cell, organ and 

fabrication for possible applications in soft robotics, biomedical devices, wearable 

electronics, biomedical applications, electronics, actuators, drug delivery and tissue 

engineering etc.  

 
Fig. 3 Bibliographic map based text data VOSviewer analysis for 3D printing of biomedical 

sensors (database source: www.webofknowledge.com) 

 

Fig. 4 shows the bibliographic network analysis for studies related to additive manufacturing 

in biomedical applications. To meet the future aspect of studies, the analysis has been 

conducted.  

 

http://www.webofknowledge.com/
http://www.webofknowledge.com/
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As per Fig. 4, there are number of studies may be conducted for the additive manufacturing 

of the physical sensors for biomedical applications. The investigations made be conducted for 

the additive manufacturing of the force based sensors, full working sensing devices, 

actuators, detection of physical activities, cell and organ sensors in biomedical and tissue 

engineering applications etc.  

 
Fig. 4 Bibliographic network analysis for studies related to additive manufacturing in 

biomedical applications 

CONCLUSIONS 

 

The additive manufacturing has been considered as one of the most essential technologies in 

the manufacturing of the physical sensors in biomedical applications. The previous studies 

have been reported for the manufacturing of the sensors with additive manufacturing with 

investigations of performances, composites, force, sensors, detection, hudrogels, shape, cell, 

organ and fabrication for possible applications in soft robotics, biomedical devices, wearable 

electronics, biomedical applications, electronics, actuators, drug delivery and tissue 

engineering etc. The investigations may be conducted for the additive manufacturing of the 

force based sensors, full working sensing devices, actuators, detection of physical activities, 

cell and organ sensors in biomedical and tissue engineering applications etc.  Also, the 

studies may be conducted in future for the bio-manufacturing of biosensors such as; the 

protein, enzymes, vitamins, DNA, RNA, dopamine, microbial concentration as well the 

antigens. 
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