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Abstract  

Degenerative Disc Disease (DDD) affects more than three million individuals annually in 

the United States, and is caused when spinal discs in the back begin to break down, losing their 

proper strength and function. Spinal disks serve as shock absorbers and cushions between the 

vertebrae and can begin to degenerate as a result of aging. DDD generates sharp and constant 

pain in the back and neck, and can potentially affect nerves near the spinal cord, causing 

numbness and muscle weakness. Medication can be used to temporarily relieve the pain, and 

other treatment methods can include physical therapy, spinal injections, and possibly surgery. If 

all other treatments fail, a patient might need surgery on the vertebrae, spinal fusion, and disc 

replacement. Degenerative Disc Disease is an extremely common condition that creates severe 

pain and has harsh negative side effects on one’s life. 

Our new treatment for Degenerative Disc Disease uses synthetic spider silk to create 

pseudo cartilage that can provide cushion for the discs in the spine. Once the pseudo cartilage is 

engineered in a lab, it is ready to be surgically placed between the deteriorated vertebrates in a 

patient’s back. We will perform this surgery in a hospital, and patients will be monitored every 

few weeks to see how their body reacts to the new cartilage. The independent variable for this 

experiment is whether or not the patient is receiving pseudo cartilage engineered from synthetic 

spider silk, and the dependent variable is the amount of pain in response to the treatment. The 

sole material needed to carry out this study is synthetic spider silk, which is created out of a 

hydrogel.  

The use of synthetic spider silk to treat Degenerative Disc Disease has never been done 

before, but these extremely strong fibers have been used to treat knee injuries. Based on similar  



Degenerative Disc Disease 3  
 

studies, we know that the synthetic silk will not trigger an immune reaction in the body and 

degrades at a slow and predictable rate, making the silk a perfect material to turn into pseudo 

cartilage. This synthetic spider silk will mimic the incredible properties of real spider silk and 

support the vertebrates in the spine, to ensure that there is no pressure and tension between the 

bones. We believe that by engineering synthetic silk, we will be able to create an incredibly 

strong and effective pseudo cartilage that can help prevent the enormous amounts of pain caused 

by Degenerative Disc Disease. 
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Introduction 

By age sixty, most people have some degree of Degenerative Disc Disease, which causes 

excruciating amounts of pain in the lower back, buttocks, or upper thighs, and can include 

swelling, soreness, and instability. Degenerative Disc Disease comes and goes, and feels worse 

in different positions making it extremely difficult for patients with this disease to function on a 

daily basis. Because this injury affects over three million Americans every year, it is a common 

problem that needs an effective solution. The current treatment options for DDD include physical 

and occupational therapy, steroids or other medications that reduce the pain, or invasive surgery. 

Our treatment involving the use of synthetic spider silk to create pseudo cartilage has never been 

done before, and is a completely new concept and treatment idea. The amazing properties of our  

engineered spider silk should create a stronger, more flexible, and more durable pseudo cartilage 

that will be used for surgical replacement.  

Spider silk is one of the sturdiest materials found in nature and is known as a potential 

wonder material for biomedical research, as it is “stronger than steel and tougher than Kevlar”. 

However, the lab manufacturing of spider silk has proven to be a challenge for many scientists 

and the mass production of real spider silk is near to impossible. “Spiders are interesting models 

because they are able to produce these superb silk fibers at room temperature using water as a 

solvent,” says Darshil Shah, an engineer at Cambridge’s Centre for Natural Material Innovation. 

“This process spiders have evolved over hundreds of millions of years, but we have been unable 

to copy so far.” Our proposal for this artificially spun hydrogel fiber, can almost perfectly mimic 

spider silk properties and is the perfect material for pseudo cartilage. This pseudo cartilage that  
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is manufactured out of hydrogel, provides many advantages over other synthetic fibers that are 

currently used for cartilage replacements in DDD patients. 

Similar studies have experimented on hydrogel fiber, which is 98% water and 2% silica 

and cellulose. Hydrogel fiber is held together by binding cucurbiturils molecules. Chemists, 

including Darshil Shah and his team at the University of Cambridge, have performed research on 

spinning hydrogel into synthetic spider silk. After approximately thirty seconds of spinning, the 

water evaporates, leaving behind the strong silk threads. Their new way of spinning hydrogel is 

less expensive, “non-toxic, and far less energy intensive to make” than most other alternatives, 

says Shah. A research team from Nankai University, China has also successfully prepared 

artificial spider silk from twisted hydrogel fibres, which are made from polyacrylic acid. The 

artificial spider silk showed core-sheath structure, doped with divalent ions, and inserted with 

some twist. These findings have proven that hydrogel is the ideal material for the production of 

synthetic spider silk, which can later be formed into pseudo cartilage. The success in these 

studies show that this form of hydrogel silk can be used to make pseudo cartilage and treat DDD 

in patients, further supporting our hypothesis. 

 

 

This image shows the research being 

completed at Cambridge and the process of 

forming hydrogel silk. 

 



Degenerative Disc Disease 6  
 

 

 

These are images of spun hydrogel silk 

rods created by researchers in China. 

 

 

We believe that if we use spun hydrogel fibers as synthetic spider silk, we could manufacture 

more efficient, hydrogel based pseudo cartilage. We will manufacture personalized pseudo 

cartilage out of this synthetic silk for DDD patients. It is essential that we perfectly customize 

each pseudo cartilage for every patient, which will then be surgically inserted. We predict that 

the very strong and effective material of our pseudo cartilage will provide better results than 

usual cartilage replacements and less post op complications. We also believe that the amazing 

durability of this pseudo cartilage could last a full life time, if it is inserted into a patient over the 

ages of fifty-five to sixty. 
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Materials and Methods 

In the process of treating Degenerative Disc Disease (DDD), using a pseudo-cartilaginous 

disc would be the most viable solution. As discussed in the introduction, DDD causes the 

cartilaginous discs in between the spinal discs to wear down after time. Implementing the use of 

a pseudo-cartilaginous disc should replace the deteriorated disc while providing the strength of 

this new disc to avoid deterioration. Therefore, finding a material perfect enough to use was a 

difficult search until there was a recent scientific discovery of the usage of spun spider silk or the 

silk from silkworms as a replacement cartilage. At first this was applied for knee injuries but the 

uses of this amazing discovery are limitless.  

The materials for this method solely consist of the synthetic spider silk. While utilizing 

actual spider silk is ideal for its strength and its ability to remain in the human body without 

rejection, the quantities of this silk is very limited for the millions of adults with this condition. 

The best solution for this is to utilize a hydrogel fiber, spun solution to form artificial spider silk. 

To form the silk from the hydrogel solution, scientists have implemented a 0.2 millimeter steel 

rod that is then vertically dipped into the hydrogel solution to form a very thin artificial spider 

silk. The process of spinning the hydrogel based silk has been done before, but the usage of a 3D 

printer to personally customize each cartilaginous disc (made from the synthetic spider silk) is a 

completely new and better solution for DDD treatment . After the surgery of implanting the 

cartilage disc and reattaching nerves is finished, the surgeon may prescribe a sufficient antibiotic 

treatment administered over the course of six weeks in order to prevent any infections caused by 

this implant.  

 



Degenerative Disc Disease 8  
 

The timeline of this process could expand to around eight weeks assuming there is no 

wait and each step of the process is consecutive. The first part of the process would be a 

consultation with the prospective surgeon that should take about one day. Secondly, there would 

be a scan of the spinal cord in order to produce a customized cartilaginous disc which could be 

taken on the same day as the consult. Next, this scan would be used to render a digital model of 

the cartilaginous disc(s), multiple if necessary, to be then transmitted to the 3D printer in the 

process of one day. After, the 3D printer would print out the hydrogel cartilage disc which 

should take a few hours. Then, the hydrogel disc will be surgically implanted into the spine and 

the pertaining nerves will be reconnected, if surgery goes without complication this should take 

no less than a day. The surgeon will then prescribe a six week antibiotic treatment for the patient. 

Therefore, this process to cure DDD should take about eight weeks assuming no complications.  

Stainless steel rod, similar to the 

ones used by researchers in China 
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Example of a 3D printer used for printing the 

cartilaginous disc. The hydrogel fibers could  

replace the filaments in the printer.  
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