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Abstract 
 
Smart materials (SM) are also called as responsive or intelligent materials. 

Smart materials are easily change their own properties such as size, colour, 

shape as externally that is done due to controlled fashion by external stimuli 

such as magnetic and electric field, pH value, light, temperature, stress, 

chemical compounds and moisture. SM extensive used in actuators, medical 

device, sensors, soft robots and artificial muscles. For fabrication of smart 

device using smart polymers complex design and controllable fabrication 

processes are required that recommend 3D printing technology. 4D printing 

is an improved manufacturing process of 3D printing of smart materials. In 

this paper, 3D and 4D printing of smart materials and its application in 

biomedical device, actuators and sensor are reviewed for detail 

understanding to current development and their future scopes. 
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4DP Four-dimensional printing 
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CAD Computer-aided-design 

FDM Fused deposition modelling 
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1 Introduction 
  

Additive manufacturing (AM) is also known as 3D printing technology 

(3DP) is a technique in which materials are deposit on a platform layer by 

layer and create a complex 3-dimensional shape with high surface accuracy 

as compare to traditional manufacturing techniques [1-4]. AM process is the 

best process that has drastically change the manufacturing techniques. Before 

AM process complex shape was very difficult to fabricate and costly. AM 

process was lots of superior quality such as no material waste, entry cost fall, 

no need much on-hand inventory, easy to recreate and optimize legacy parts, 

customization and few geometry limitation [5,6]. AM process has been 

categorized in many types with time such as stereolithography, direct ink 

writing, FDM, binder jetting, 3D ink-jet printing, selective laser sintering [7-

9]. Fig. 1 shows that different categories of AM process with their 

advantages and limitations. 

 
 

Figure 1 Different Types of AM Process and Their Advantages and Limitations [6-12] 
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AM process drastically change in manufacturing field; For reaching of 

higher performance and functionality 4DP of smart materials developed by 

researchers comes in the manufacturing field [13-15]. In 4DP technology as 

compression to 3DP technology responsive materials are used also smart 

design is added. The main difference between 3DP or 4DP is in the 4DP 

technology fabricated parts has extra transformation process or in 4DP case 

is the introduction of “time” in the process as the 4th dimensions [15-17]. 

SM is also called as programmable materials that’s main advantage is its 

final printed shape or properties are not fixed as per requirement we can 

change them easily [18]. 4DP technology have been discussed as many 

important point of view as like materials, techniques, shape-shifting 

behaviours and their applications [19-22]. Fig. 2 shows that progress of 1D to 

4D printing technology. 
 

 
 

Figure 2 Progress of 4DP technology from 1DP technology [21] 

 

In this review paper discussed about different types of reactive 4D 

polymers and their composite materials are used in different AM process in 

their own field and applications. In this review, it is try to learn about latest 

research in the field of SM for 4DP and 3DP technology and also try to 

discuss different SM with their responsive properties and in lastly uses of 4D 

SM. By this review it is try to know about progress of current state in the 

field of manufacturing and future scope of 4DP technology. 

 
2. Smart Materials and Composites for 3DP/4DP 

 

SM are change physically or chemically in response to an environmental 

stimulus such as light, temperature, electrical and magnetic field, humidity,  
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pH value and humidity [23]. These responses that is most essential for the 

SM and devices such as geometrical design, bending, stretching, swelling, 

shrinkage, rolling and twisting of the materials [24]. Here we discuss about 

some important types of printable SM and their applications. 

 

2.1 PH-Responsive Polymers 
 

PH-responsive hydrogels polymer is the significant group of SM that can 

change shape, solubility or volume with variation of pH values. This type of 

polymers has many applications such as biosepration, valves, biocatalysts, 

drug delivery, actuators, soft robots. Different AM techniques that is based 

on extrusion process are to be used for printing of PH-responsive hydrogels 

polymer [25]. 3D printing of natural polymers such as keratins and collagen 

are high usable in past some times. Collagen are mainly used for 3D 

bioprinting alone as well as combination with different polymers that has 

higher biocompatible. In collagen swelling behaviour are exhibit in response  

To pH change. Type I collagen polymers are most widely used in the field of 

biomedical or tissue engineering applications as fabrication of 

scaffolds/implants [26]. 

 

2.2 Electro-Magnetic Functional Materials 
 

 Electro-magnetic materials have always demandable materials for 

fabrication of smart devices due to their excellent properties such as 

magnetic, thermal and electric. AM techniques are costly for magnetic 

metallic materials. Electromagnetic nanocomposite polymers are best 

materials for 3DP/4DP due to its outstanding properties such as 

biocompatibility, flexible processing, elasticity, light weight, stability, 

controllable magnetic properties and flexible processing [27]. In the field of 

tissue engineering, soft robotics and sensor design nanocomposites and 

conductive hydrogels are most attractive materials. Conductive polymer 

chains such as polyaniline, polythiophene and polypyrrole are also 

introduced with hydrogels that is more homogeneous magnetic and electrical 

properties [28]. 

 

2.3 Temperature-Responsive Polymers and Composites 
 
 Fabricated parts that can restore their original shape and size which was 

changed due to some external stimulus such as force, light, heat and pressure 

are manufactured by using shape memory polymers. In the field of 

development of smart device for actuation and in biotechnology shape 

memory polymers which is very good SM has more attracted. For developing 

of intelligent structures such as medical device, actuators and robots are 

fabricated by some various shape memory polymers such as polylactic acid  
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(PLA), polycaprolactone (PCL), and polyurethane (PU) due to remarkable 

advances in 3DP techniques [29, 30]. 

 

2.4 Self-Healing Polymeric Materials 
 

 Most of the fabricated parts are degrade or damaged after a certain time 

and maintenance of these parts are costly. So, most of the polymers are used 

for short period of time due to breakage and damage of fabricated parts. 

Some place long term or lifetime requirement without damages for this 

purpose self-healing polymeric materials are the best suitable option [31]. 

The main function of this type of self-healing polymeric materials are to 

repair or restore  

The mechanical damages or their functionality. Self-healing polymeric 

materials are most demandable materials due to the self-autonomic healing 

capabilities. But synthesis and design of self-healing polymeric materials are 

the most challengeable. PMMA polymer are used for self-solvent-welding 

process and their recovery rate upto 87% at room temperature. PCL is also a 

very good self-healing polymeric material with shape memory effect makes 

best suitable materials for 4D printing for enhancing of mechanical 

properties [32]. 

 

2.5 4D Bioprinting 
 

 AM process are to be utilize for printing of biocompatible polymers or 

living cells for fabricating of biological structure that is cable in functionally 

transformation and shape memory in response of some external factors such 

as heat, light, humidity and pH level [33]. 4D bioprinting are most 

demandable due to its superior’s properties and its main applications are 

organ regenerations, drug delivery, fabrication of scaffolds/implants, wound 

therapy and tissue engineering. Most of the bioprinting materials are 

biocompatible and some are the bioactive materials also. This process is very 

costly due high sensitivity and mostly used for biomedical or tissue 

engineering applications [34]. Fig. 3 shows bioprinting of human heart. 

 

 
 

Figure 3 Animated view of bioprinting (printing of human heart) [35] 
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3 Conclusions 
 

There are conclusions that have drawn from the present study of 

hydroxyapatite composites for biomedical applications: 

 Smart materials are easily change their own properties such as size, 

color, shape as externally that is done due to controlled fashion by external 

stimuli such as magnetic and electric field, pH value, light, temperature, 

stress, chemical compounds and moisture. SM extensive used in actuators, 

medical device, sensors, soft robots and artificial muscles. 

 4DP technology have been discussed as many important point of view 

as like materials, techniques, shape-shifting behaviors and their applications. 

 4D bioprinting are most demandable due to its superior’s properties and 

its main applications are organ regenerations, drug delivery, fabrication of 

scaffolds/implants, wound therapy and tissue engineering. Most of the 

bioprinting materials are biocompatible and some are the bioactive materials 

also.  
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