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Soft matter is extensively used in the biomedical field due to its biocompatibility and tunability of tissue-mimicking 
properties. This paper is mainly about the in-situ fracture characteristics of soft matter (hydrogel) during needle 
insertion, and identify the stresses cause various cracks. In the process of needle insertion into the PAA hydrogel, a 
complex stress field is generated and causes various cracks due to contact between the needle and hydrogel. The 
results facilitate in better understanding of the fracture and damages of tissues, particularly liver, brain during needle 
insertion; opens a promising perspective in control of tissue damages during surgical operations. 
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1. Introduction 

Medical intervention procedures such as biopsy, drug 
delivery, neurosurgery, and minimally invasive surgery 
involve needle insertion into the tissues [1]. It involves 
creating new surfaces through fracturing inside the 
biological tissues by various developments, including 
puncturing, cutting, and rupturing. The fracturing of soft 
biological organs such as brain, liver and lung due to 
needle insertion can cause unwanted catastrophic 
outcomes. To reduce the damage to living tissues, it is 
essential to understand the fracture characterisation of 
soft tissues during needle insertion. This understanding 
helps in minimise the damages of tissues in critical 
situations. Precise controlling of fracture process is 
crucial for minimising tissue damages. 

2. Experimental details 

2.1. Sample preparation 

Poly(acrylamide) hydrogel was prepared by acrylamide - 
monomer, methylene bis (acrylamide) - crosslinker, 
TEMED - promoter, ammonium persulphate – initiator 
and de-ionised water - solvent. The pre-polymer solution 
was carefully poured into the mould and waited for about 
5~minutes to complete the polymerisation process. 
 

  
 

Figure 1: Photograph of needle insertion setup. 

2.2. Needle insertion experiments 

Needle insertion experiments were performed using a 
displacement-controlled linear reciprocation system. 
Figure 1 shows the photograph of the experimental setup. 
The sample was fixed on a fixture in front of the needle. 
The needle insertion force and displacement were 
acquired as a function of time.  

2.3. Results 

Figure 2 shows a typical insertion force against the 
needle displacement. The needle just started piercing into 
the gel, and the initial puncturing force was very 
minimal. Further, the needle was moved into the gel; the 
insertion force had started increasing quadratically [2]. 
As the needle moves further into the gel, the insertion 
force is dropped rapidly and reached a minimum value. 
Next, the same phenomenon occurred periodically as the 
needle further moves into the gel. During retraction, the 
needle was tracing back in the already fractured path. The 
force during retraction corresponds to the friction force 
between the gel and the needle, which is very small 
compared to the insertion force.  

 
Figure 2: Representative needle insertion force, F as a 
function of displacement, d of the hydrogel. 

3. Discussion 

In this work, we have found the piercing induced periodic 
cracks in hydrogel material. We have determined 
insertion force to pierce the hydrogel and the fracture 
energy. This study of fracture characteristics of hydrogel 
material will help in understating the damages of soft 
tissues such as liver, brain during needle insertion. The 
results can aid in the optimisation of needle design such 
that the tissue damages will be minimal.  
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