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 COVID-19 in the Lab 
By Ashley Berdel           D.U.Quark 2020. Volume 5 (Issue 1) pgs. 2-4 

Published March 15, 2021                              Staff Article  

 

 The coronavirus has affected all of us differently at Duquesne University whether socially 

or academically, but an important thing that came from this pandemic was the perseverance we 

have all developed. All Duquesne research labs shut down as soon as the lockdown started. 

Labs did not reopen until the summer. Despite how the members of the labs were affected, they 

adapted and grew from these challenges. Now students and faculty are prepared in case they 

are met with the same challenges again.  

 Doctor Jensen-Seaman’s lab looks at how changes in genes cause changes in 

phenotypes in dormant species. His lab also explores the question of why some species are 

more susceptible to HIV. Doctor Jensen-Seaman’s lab is in the biology department where 

COVID caused a 90% shutdown on March 13th. The 90% shutdown meant that all lab work 

halted except for the computational work that could be done at home. When the shutdown hit, 

there were 3 PhD students and 5 undergraduates, including a senior working on their thesis.  

The shutdown posed an issue during the summer as well, because students are usually full time 

in the lab. In the summer, undergraduate juniors are usually working towards their senior honors 

thesis. Gradually, lab work has become closer to normal, but there are still limited researchers, 

which reduces the social benefits of lab experience. Several new challenges arose as the lab 

work slowed down, prompting faculty and students to adapt. Luckily, some research could 

continue at home, especially computational biology techniques. Due to the shutdown, 

researchers have learned to read more background and have a better understanding of their 

research instead of just focusing on the experiments themselves. Doctor Jensen-Seaman found 

that he had more time to apply for grants, collaborate with others, catch up on the analysis of 

data, and closely observe what he has overlooked in the lab. He learned not to procrastinate, 

stating “do work while you can.” The challenges he faced can be described in his quote: “there’s 

always challenges; you just have to find ways to adapt.” His lab is now prepared for another 

shutdown, which is a positive outcome from the need to adapt. Students and faculty now 

understand how to continue their research at home if it is not safe to come into the lab. 
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 The impact of COVID on teaching in the labs can be seen in the adaptations that Doctor 

Huster has made. Doctor Huster teaches the introduction to physics lab for undergraduates. 

Coronavirus brought many challenges to the lab, including the need for a change in the 

curriculum. This necessity stemmed from the need for experiments that could be performed with 

the new IO labs. Interactive Online Lab Systems, IO labs, allow for remote and in person 

participation in activities. They include built-in sensors that calculate force, acceleration, 

temperature, sound, pressure, magnetic field, rotation, displacement, velocity, and voltages. 

They allow for the input and output of different digital analogs. This technology has also been 

adapted for life science-based physics and calculus-based physics. The technology has 

enabled more flexible laboratory attendance. Students were required to attend one of the first 

two weeks of lab, and a sign-up sheet was posted for the rest of the weeks. The attendance 

system has allowed for the depopulation of the lab. The system was first come first serve for 

those who signed up to be in-person that week. The IO labs have even allowed  a fully remote 

student in Brazil to fully participate in the labs. Due to the challenges of COVID-19, a permanent 

technological improvement has been made in the physics labs.  

 

Dr. Huster with the IO lab and one of the experiments students were performing on the new 

technology.  



4 

 When it came to graduate students, Bethann Wilson was able to sum up the challenges 

faced during COVID-19.  She is in a lab with Dr. Stolz, and together they are researching the 

protein Arx from MLHE-1. This protein is an arsenite oxidase, meaning it is an established, 

ancient enzyme within the dimethyl sulfoxide reductase (DMSOR) family.  Arx is capable of 

oxidizing arsenite from the very toxic and soluble arsenite to less toxic and less soluble 

arsenate. This research has implications for bioremediation of groundwater contaminated with 

arsenic. The goal of this research is to purify the protein, Arx, while studying its kinetics and rate 

of reaction. Wilson and Stolz are also evaluating the evolutionary history of Arx’s subunits. Due 

to Covid-19, there is a limit on the lab occupancy and everyone must wear face masks and 

social distance. Originally, the hours that lab staff were allowed in the building were limited, but 

they have been increased since. A google calendar system is in place to sign up to use 

machines, such as the autoclave and centrifuge. A positive outcome is the ease of 

communication between departments. This stems from the change from in-person meetings to 

zoom meetings. Although Bethann was unable to do research in the summer, she has been 

able to catch up on her work now. Since she is in the beginning of her PhD program, her degree 

has not been badly affected. Because biology labs are naturally sterile environments, not much 

has changed in ways of cleaning. The actual experiments and the communication to her lab 

partners have stayed consistent throughout Covid. With the new fear of shutting down again, 

she has incorporated more bioinformatic techniques into her research in case wet lab 

techniques are stalled again. Whether it was making models of the protein with I-Tasser and 

Swiss Model or learning programs like R, Blast, and Mega, Bethann has managed to stay 

productive at home. The R, Blast, and Mega programs are all used for statistical analysis and 

uncovering trends within data. The labs’ abilities to adapt have been summed up in her words: “I 

am confident that we have the capacity to overcome this challenging period. I have seen both 

the students I teach, and my fellow graduate students learn, adapt, and thrive over the course of 

this year, and we will continue to do so.” 

 The perseverance of researchers at Duquesne has been prominent throughout the 

pandemic. It is so impressive to see how well they have adapted to these trying times. We can 

all learn from their ability to face these newfound challenges so quickly.  

 

Berdel, A. (2021). COVID-19 in the Lab. D.U.Quark, Volume 5(Issue 2).  Retrieved from 

https://dsc.duq.edu/duquark/vol5/iss2/article1 

https://dsc.duq.edu/duquark/vol5/iss2/article1
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Did Earth Make its Home in a Black Hole?  
By Shannon Bow Jackson        D.U.Quark 2021. Volume 5(Issue 1) pgs. 5- 9 

Published March 29, 2021                    Staff Article 

 

 Black Hole | ˈˌblak ˈhōl | (noun):  

A region of space having a gravitational field so intense that no matter or radiation can escape. 

Black holes are theoretically formed when a massive star exhausts its nuclear fuel and 

collapses under its own gravity. If the star is massive enough, no known force can counteract 

the increasing gravity and it will collapse to a point of infinite density. Before this stage is 

reached, light itself becomes trapped within a certain radius known as the event horizon and the 

object becomes invisible (1).  

Since black holes form from the death of massive stars, there is a theory that Earth was 

formed inside of one. Could Earth have been engulfed in a black hole vacuum?  

After hearing the definition above, you might have answered a snarky ‘yes’ when 

considering all of the times your belongings seem to “disappear” in the metaphorical black hole 

room in your house. Once the item reappears in your room, it can quintessentially be seen as a 

white hole, the opposite of a black hole, which things only escape out of. It is also speculated 

that there are black holes here on Earth. These speculations are sometimes made by those that 

claim Bigfoot sightings. He would appear through the white hole and then disappear into a black 

hole rendering it impossible to capture him. Theories such as that one have led to more interest 

in whether we are among black holes.  

  (Bigfoot Sign 2) 
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I am sure you would like a yes or no answer right away. Although providing a one-worded 

answer might be as easy as that, let’s explore why it might not be.  

To start, there are three types of black holes. One type is the stellar black hole, which is 

a smaller type of black hole that forms when a large star collapses. There are many of these in 

the Earth’s own galaxy, the Milky Way. Another type is the supermassive black hole, described 

as an enormous black hole that can be up to billions of times larger than the sun. This type of 

black hole is also found in the Milky Way. These black holes can grow by either gathering mass 

from the dust and gas they are surrounded by, from many stars collapsing together, or from 

smaller black holes merging. The third type is the intermediate black hole, which is medium in 

size and forms when stars are bunched together and collide like a domino effect. These have 

been hard to find but are suggested to be in small galaxies (3).    

  (Black Hole 4) 

 

The question of whether we are residing in one of these black holes has been raised by 

scholars. Those that support that our universe was created by the Big Bang Theory have 

suggested that the Big Bang is a black hole. A black hole can be created when large amounts of 

mass exist in an area in space or when a star dies, leading some scientists to believe that the 

Big Bang is a black hole opening into another universe. The matter absorbed by this black hole 

is what started our universe. Theoretical physicist Nikodem Poplawski states that this is a great 

possibility because our universe is constantly growing due to more cosmic material being 

absorbed. In the end, we are unable to see what is inside of other black holes, so the best we 

can do is hypothesize (5).  Robert Mann, a professor of physics and applied mathematics from 

the University of Waterloo, supports the theory of Earth residing inside of a black hole due to the 

collapse of a five-dimensional star. He explains that according to gravitational physics, we would 

be in a smaller dimension surrounded by a larger dimension, with the larger five-dimensional 
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star collapsing into a black hole in which we reside (6). Professor of physics and astronomy 

James S. Bullock from the show How the Universe Works proposes a theory. He states that as 

matter is crushed into the center of a black hole, it can be crushed no further. According to this 

theory, when a black hole reaches its maximum density and therefore explodes, a Big Bang 

would occur. The matter from the explosion would then cool to form atoms, followed by 

galaxies, stars, and planets. But the show goes on to disclaim that these are only theories and 

compelling ideas (7). There is an endless number of what-ifs, but there is mathematical 

evidence supporting these theories. The concept of Schwarzschild radius is the major support 

system for the Big Bang Black Hole theory. It determines how large a black hole is by 

calculating its mass. Ethan Siegel, a Ph.D. astrophysicist exclaims, “Remarkably, the 

Schwarzschild radius of a black hole with the mass of all the matter in the observable Universe 

is almost exactly equal to the observed size of the visible Universe! That realization, on its own, 

seems like a remarkable coincidence” (8). But is that enough to say that we are, in fact, living 

inside of a black hole? Some say that it is the math instead of physics that leads us to believe 

this black hole cosmological model theory that was originally proposed by theoretical physicist 

Raj Pathria and mathematician I.J. Good. Most cosmologists conclude that using the same set 

of equations for the interior of a black hole and the evolution of our universe is coincidentally the 

same answer (9).  

Ethan Siegal also explains that we cannot firmly conclude that we are inside of a black 

hole because there are many more steps that need to be taken to strengthen this idea (8). 

Theoretical physicist Sean Carroll states that just because the universe radius and 

Schwarzschild radius are comparable, it does not automatically put us in a black hole. He 

explains that our universe is constantly expanding, prompting him to conjecture that the 

universe is a white hole (10). Upon interviewing senior Duquesne University Physics student 

Joshua Goodwill, he was open minded and stated his theory. He explained; 

 “I do not think we are living in a black hole, but I definitely see it is a possibility. I base 

my thoughts off Hawking Radiation, which is the idea that black holes dissipate into the universe 

over time. If we were to be living in a black hole, I feel as though Hawking Radiation would be 

present in our universe as we would see mass leaving the universe almost spontaneously. On 

the other hand, it is totally possible due to the large amounts of dark matter and dark energy we 

have found in the universe. Generally, it is hard to say since we know so little about the matter 

and energy in the universe. 
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Recently, physicists have determined the Cosmic Microwave Background (CMB), which 

has shown that the universe is not flowing in any particular direction. I feel as though we would 

be able to see the Hawking Radiation through the influx or outflux of the matter.” 

 According to Amanda Gefter, a science writer for BBC Earth, no one knows what is 

inside a black hole. There could be anything in there, even a universe (11). We are constantly 

finding new information, and in 2019 scientists captured the first image of a black hole. This 

reassures us that we might gather new data in the future, which may tell us whether we are 

living in a black hole or not.    

After all of that, you might still be asking, ‘so are we living inside of a black hole?’ Getting 

back to that yes or no answer I know you were wanting... we ultimately are unsure, but the 

vortex around the question is enough to suck you in.  
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 What is Flesh-Eating Disease, and Where Does 

It Come From?  
By Annie Panageas      D.U.Quark 2021. Volume 5(Issue 2) pgs. 10 - 11 

Published March 29, 2021                    Staff Article 

 

Necrotizing fasciitis is a type of flesh-eating disease that dates back to about the fifth 

century B.C. according to writings of Hippocrates (a classical Greek physician). During the 

American Civil War, there were more than 2,000 cases reported among soldiers. Throughout 

history, there have also been small outbreaks, including one in San Francisco in 1996. 

Necrotizing fasciitis has been found to infect people through breaks in the skin that allow 

bacteria to slip in. Breaks in the skin can include cuts, scrapes, burns, insect bites, surgical 

wounds, and puncture wounds (including IV drug use). Necrotizing means "causing the death of 

tissues" and fasciitis means "inflammation of the fascia”, the tissue under the skin surrounding 

the muscle. A woman that has been documenting her journey with this disease on social media, 

Josie, was infected this way and now raises awareness for skin injuries that can lead to necrotizing 

fasciitis. 

There are many strains of necrotizing fasciitis, but the most prominent strain is caused by 

a bacterium called Group A Strep (Streptococcus pyogenes). When the bacteria enter the body, 

they reproduce and release toxins/enzymes that damage the fascia and soft tissues. The bacteria 

can also protect themselves from the immune system, speeding up the infection process. It is 

currently unknown how the bacteria are able to do this, but one suggestion is the use of a 

component of the adaptive immune system in bacteria called CRISPR-Cas. CRISPR-Cas works 

to insert human DNA sequences into the bacteria so that they are not recognized as “an infected 

agent”. 

Some of the early symptoms of Group A Strep, according to the CDC, are red, warm, 

and/or swollen areas of the skin, severe pain beyond the area that is red, and a fever. Later 

symptoms include ulcers, blisters, black spots on the skin, changes in skin color, oozing from the 

infected area, dizziness, fatigue, diarrhea, and nausea. While it can be very difficult to diagnose 

this disease, acting fast is key for the survival of the patient. Hospitalization is necessary for 

https://apic.org/monthly_alerts/get-the-facts-about-necrotizing-fasciitis-the-flesh-eating-disease/
https://cordis.europa.eu/article/id/230157-understanding-how-bacteria-defend-themselves-against-viruses-could-open-the-way-to-new-treatm
https://www.cdc.gov/groupastrep/diseases-public/necrotizing-fasciitis.html
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treatment, including IV antibiotics and surgery to remove the infection or infected parts of the 

body. It is important to note that it is extremely rare for this disease to be contagious. 

Necrotizing fasciitis is labeled as a rare condition, with 0.40 cases per 100,000 people/year 

for adults and 0.08 cases per 100,000 people/year in children. The mortality rate for necrotizing 

fasciitis is between 20-40% (when the disease is caught early on), and this is considered high. 

The mortality rate is also higher in adults than in children. The mortality rate increases the later 

the disease is treated. According to the CDC, there are about 9,000 – 11,500 cases reported 

every year in the United States and about 1,000 – 1,800 deaths per year. 

One person who suffered from necrotizing fasciitis and survived is Josie, who goes by the 

screen name @theoneleggedmom on TikTok. In an 18-part story, she talks about how she 

contracted a rare strain of this disease in her left leg. She is only 1 of 4 to contract the disease in 

the United States and the only one to survive. In addition to the rare strain she contracted in her 

leg, she also contracted the Group A Strep strain in her right arm. She starts her story by saying 

that she woke up one morning with what she thought was a late season flu. Later that same day, 

she got charley horses in both of her thighs that lasted about 6 hours. A charley horse is a sudden, 

involuntary cramping of the muscles in the legs. After she was admitted to the hospital, doctors 

found a football sized bruise that had formed on her leg. They quickly realized that she was 

suffering from necrotizing fasciitis. She was then sent to a larger hospital to undergo multiple 

surgeries to remove the infection. She initially lost her entire left leg and then, two days later, 

developed Group A Strep in her right arm. To stop the infection in her arm, doctors removed the 

muscle from the top of her arm and opened the arm up to clean out any lingering infection. Over 

the course of two months, she had twenty-eight surgeries but emerged healthy and free of 

necrotizing fasciitis. Josie is just one example of how this disease can heavily impact the lives of 

those who become infected and how those people can still emerge healthy and able to live their 

lives again, despite some difficulties. 
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https://www.tiktok.com/@theoneleggedmom?lang=en
https://dsc.duq.edu/duquark/vol5/iss2/article3
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How does COVID-19 and vaccine distribution 

affect the hospital and the hospital pharmacy? 
By Shannon Bow Jackson      D.U.Quark 2021. Volume 5(Issue 2) pgs. 12-14 

Published May 17, 2021                    Staff Article 

 

Perspectives from a 5th year Duquesne University Pharmacy Student Stephanie Johnson, 

Pharmacy Intern: 

1. How has COVID-19 overall impacted how the hospital pharmacy is being run? Have things 

changed or is it relatively the same? 

 

COVID-19 has affected our hospital on every level. There are designated floors that were 

constructed to become negative pressure to hold COVID-19 patients. This included an ICU as 

well as a regular patient floor for the less emergent patients. Nurses were put on a rotation to care 

for these patients that started as voluntary but quickly grew to a “lottery process” as numbers 

spiked. When the US declared the pandemic as a national emergency, we went from performing 

our daily tasks (the only difference was with masks on) outside the central pharmacy to a full 

COVID-19 protocol. All pharmacists were required to report to the central pharmacy and no longer 

allowed access on the floors to avoid exposure. Their communications were electronic only. 

Technicians and interns were to continue to deliver medications to every floor which included the 

negative pressure floors. Negative pressure is when the pressure inside the room is less than the 

hallway, so when the door opens, air flows into the room. The air the patient breathes does not 

flow into the hall and throughout the hospital to stop the spread.  

We were only given one mask that had to last us an entire week. Our daily tasks of delivering and 

compounding continued as usual. From the intern/technician side of things, the daily workflow 

remained the same. The amount of work fluctuated as we got waves of patients into the hospital, 

surgeries only being scheduled if they were life dependent, and patients fearing seeking medical 

assistance due to possible COVID-19 exposure. Some days we had over 200 tasks that the 

pharmacy needed done... other days 50. It was dependent on the number of patients occupying 

the hospital. Many patients were staying home when they were having medical emergencies for 

fear they would come to the hospital and get COVID-19. So eventually the workflow slowed.  
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2. Has vaccine distribution affected the pharmacy? 

 

No, it has been separated from the pharmacy. We have the main central pharmacy which does 

the duties of the hospital fill. Separately, we also have the COVID-19 vaccine clinic which is staffed 

by the same people in the hospital pharmacy, but it is not a part of the main central pharmacy. 

Management is focusing on both the hospital pharmacy and the clinic pharmacy.  

 

3. Do you feel as more vaccines are being distributed in the coming months, that there will 

be a shift in how things are run? 

 

If anything changes, interns will be allowed to vaccinate patients with any vaccination that the 

hospital offers. We then would have the ability to go to clinics.  

 

4. Was there a change in output of other medications due to COVID-19 patients? 

 

We were making 30+ bags of Remdesivir at a time. Remdesivir is an antiviral medication that is 

used to help treat COVID-19 patients. We were also saving mist inhalers for COVID-19 patients, 

and we are not allowed to give out Albuterol because they were saved for COVID-19 patients to 

help increase airflow to the lungs. Other patients received nebulizers.  

 

5. Since the Remdesivir is being used more frequently for these patients, were they ever 

running low? 

 

Yes, the Remdesivir is used more frequently, but the amount of patients is also lower. Albuterol 

is also being used more. 
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6. How has COVID affected staffing and have you been understaffed? 

 

We are understaffed because a lot of people quit due to being afraid of the pandemic, and people 

graduated. We are just now getting regular staff back to be approved to bring them into the 

hospital. We were also understaffed for the clinic. Retired nurses got their certificate back. Nursing 

students and pharmacists also were helping in the clinic which helped out tremendously.  

 

7. Does being a pharmacy student give you a different perspective of the entirety of the 

pandemic and vaccine? 

 

It gave us opportunities to practice what it is like to be a pharmacist; we are more involved. It 

gives us a good perspective of what we do as pharmacists in an emergency setting. I was also 

more paranoid and conscious about health risks. I exposed myself to the virus and did not want 

to spread it. We also see people that need the help of medicine and science and the outcomes of 

it. 
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 Masks Play a Key Role – Regardless of COVID-

19 Vaccines  
By Lance Daley       D.U.Quark 2021. Volume 5(Issue 2) pgs. 15-21 

Published May 18, 2021                    Staff Article 

 

Since the first reported case of COVID-19 in December 2019, there have been over 100 

million cases and over 3 million deaths due to complications from the coronavirus. The 

framework of health systems and economies across the globe have been significantly taxed as 

a result of the abundance of cases, with hospitals going over maximum capacity and many 

businesses having to close their doors permanently. As a result, people have become isolated 

and divided over solutions for combating the spread of the virus. Increasing evidence supports 

that COVID-19 is mainly spread through airborne droplets, such as from talking, coughing, and 

sneezing. Face masks could be an inexpensive and effective option for slowing the spread of 

the virus. A study of Beijing households in March 2020 revealed that face mask use in 

households with at least one positive case reduced transmission of the virus by 79%.1 Face 

masks, whether they be cloth or medical, are an effective solution for preventing the spread of 

COVID-19.  

 

In a recent study published by Li et. al in PLOS One, researchers simulated the spread 

of the virus based on varying levels of mask wearing.2 The model used for the simulation 

(known as a SEIR model) is popularly used to simulate disease outbreaks, like the COVID-19 

outbreak. The model works by adjusting the following populations over time: people susceptible 

to the virus (S), people exposed but not showing symptoms (E), people infected (I), and 

recovered individuals (R). Using this data, the approximate rate of infection of the virus can be 

calculated, without accounting for any preventative measures such as mask wearing and social 

distancing. The goal is to compare how accounting for mask wearing in different capacities (as 

well as the varying effectiveness of different mask styles) could affect the rate at which people 

become infected with the virus. 
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When conducting the simulation, the researchers took into consideration access to 

medical resources, population densities, and cultures that might affect mask wearing and 

transmission rates. The approximate percentage of droplets stopped from escaping the mouth 

by a mask (40-75%), the amount of people potentially wearing a mask at any given moment (8-

100%), and the availability of masks to the population (5-100%) were tested by the researchers 

at these specific ranges to represent different situations throughout the world. For example, 

some industrialized countries can produce masks for almost all of their population and have a 

reserve readily available. Countries that are less developed or depend on other countries for 

goods may experience a shortage of masks. 

 

Switzerland, which only produces enough masks to accommodate around 30% of its 

population, relies on other countries to provide an adequate number of masks.3 If countries 

producing many masks decide to keep them mainly for themselves, Switzerland and countries 

in similar situations could be left to face the dire consequences of a severe COVID-19 outbreak 

without any means to stop it. The governments of big mask-producing countries have an 

enormous impact on global supply chains depending on their responses. On March 8, 240,000 

face masks from Germany that were bound for Switzerland were returned as the country 

announced a national ban on the export of medical equipment.3 State-centered politics like this 

could lead to the downfall of an effective global response by preventing needful countries from 

receiving medical equipment. 

 

The final results of the simulation showed that the rate of infection dropped by more than 

20% in scenarios where over half of the population wore masks.  This rate increased to more 

than 70% in populations where everyone wore masks. The only scenarios that did not exhibit a 

significant drop in infection rate were those where only 8% of the population were estimated to 

be wearing masks. This data further supports the benefit of a global call to action for enforcing 

mask-wearing guidelines for all public areas, not just at the jurisdiction of businesses. Although 

it is implausible to reach a 100% rate of mask-wearing, improving mask-wearing rates would 

significantly decelerate transmission rates. 

 



17 

In practical situations, a low rate of mask-wearing could be attributed to a shortage of 

medical supplies, unwillingness to wear a mask, lax government attitudes, underlying medical 

conditions, or a combination of these factors. In a country such as the United States where 

medical supplies and cloth face masks are readily available, the use of a face mask could 

significantly slow down the rate of transmission, especially considering the potential for 

increased travel and social gatherings as summer approaches. 

 

Although the Pfizer and Moderna COVID-19 vaccines are being distributed around the 

world, the vaccine could take a while to reach the entire population of and be effective in a large 

country like the U.S. In Pennsylvania, Governor Tom Wolf proposed that on April 19, all 

Pennsylvania residents will be able to get a COVID-19 vaccine if they wish. Despite this, 

appointments may be scarce and still take place for many months after this date. Along with 

this, the process of being vaccinated takes about a month to complete.4 In third-world countries, 

the wait for the vaccine could be even longer. The potential for a long wait for distribution of the 

vaccine further reinforces the need to wear masks in order to slow down the rapidly increasing 

curve of the virus. 

 

With this in mind, the vaccine itself may not completely return society back to normal 

right away. The effectiveness of the vaccine and the percentage of people who actually get the 

vaccine will greatly impact the spread of the virus in the future. Even if the vaccine is highly 

effective, if less than half of a population gets it, the efforts to reduce the spread will be largely 

futile. This is because there would still be potential for those who have not received the vaccine 

to spread and experience severe symptoms of COVID-19.  

 

Like other viruses, the concept of herd immunity applies to the virus that causes COVID-

19. Herd immunity is the idea that almost all of a population has become immune to a specific 

virus; this reduces the spread of the virus because the number of people who can become 

infected and spread it have been significantly reduced.5 In this case, if someone has a 

contagious virus and is not immune to it, it is unlikely they will spread it to anyone else 

considering most people are vaccinated or immune. Herd immunity can be obtained through 

either a large proportion of people gaining immunity from exposure to a virus or through 
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vaccination. Immunity from exposure to the virus risks developing symptoms and complications 

that not only could have negative health consequences but could lead to death. Along with this, 

the antibodies produced from being infected with the virus likely only last in the immune system 

for around 8 months, according to the National Institute of Health.6 For these reasons, 

vaccination is a much less dangerous way of effectively obtaining immunity. Historically, herd 

immunity against Measles requires about a 95% vaccination rate and herd immunity against 

Polio requires around an 80% vaccination rate.5 The proportion of people exactly needed to 

induce herd immunity with COVID-19 is unknown, but estimates by researchers show that herd 

immunity may occur around a  50-70% vaccination rate.7 Although this estimate is not as 

intense as those for Measles and Polio, this does not mean COVID-19 should not be taken 

seriously. COVID-19 is highly contagious and has already caused many deaths worldwide. A 

high vaccination rate and reaching herd immunity is also vital for younger children unable to 

receive the vaccine as well as anyone else who may not be able to due to health or personal 

reasons. It will take a combination of vaccinations, mask wearing, and social distancing to reach 

herd immunity as fast as possible. 

 

Analysis by the British Medical Journal shows that the Pfizer vaccine has a 95% efficacy 

rate after two doses.8 Assuming this is accurate, the curve of infection should begin to slow 

down if most of a population gets the vaccine. Additionally, preliminary research indicates that 

those who are vaccinated are less likely to transmit SARS-Cov-2, but more research is 

necessary to verify this.9 Encouraging social distancing and enforcing mask-wearing throughout 

2021 would lessen the likelihood that those who have not received the vaccine would become 

infected. Further research on COVID-19 vaccines needs to be conducted in order to identify the 

full effects of the vaccines. At this time it is known that those who are vaccinated will be immune 

from the illnesses caused by the virus, but there may be a chance that they can still spread the 

virus. Continuing mask-wearing also prevents the spread of the virus by reducing exposures 

from those who are already vaccinated but may still carry and spread the virus. Those who are 

vaccinated could potentially be asymptomatic carriers, although vaccinated individuals are 

thought to be less likely to spread the virus. Combining aggressive mask-wearing restrictions 

with a highly effective vaccine would curb the increasing transmission rate faster than the help 

of a vaccine alone. 
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The impact of the vaccine, although potentially monumental, will likely hinge on social 

distancing and mask-wearing efforts. With the Biden administration in office, there are 

encouraging signs that a more assertive attitude towards mask-wearing and social distancing 

will be implemented in the U.S. In a speech in Delaware, Biden stated that he “will mandate 

mask-wearing in all federal buildings and all interstate transportation because masks save lives 

- period”.10 As of March 8, five states have lifted their mask mandate requirements for public 

places, namely Texas, Mississippi, Montana, Iowa, and North Dakota.11 These states join the 11 

states that never required masks in the first place. States should be enforcing mask-wearing to 

expedite the process of lowering the number of COVID-19 cases. Vaccination efforts will be 

most effective when assisted by mask-wearing and social distancing. The focus should be to 

aggressively combine mask-wearing, vaccination, and social distancing to reach a point that 

society can return to normal. Attempting to open up consumer sectors without requiring mask-

wearing while infection rates are still high will only repress the potential effects of the vaccine. 

Although COVID-19 has dampened the lives of many thus far, a more assertive approach 

towards vaccination and mask-wearing could mean better days are ahead for all.  
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Abstract 

 

Post-traumatic stress disorder (PTSD) is a condition developed in an individual when they 

experience a traumatic event. Symptoms consist of unwanted flashbacks and thoughts, physical 

responses, depressed mood, and severe anxiety. Those symptoms are commonly associated 

with peritraumatic dissociative disorder (PDD) in which a person experiences depersonalization. 

PTSD is commonly associated with combat; however, a common cause amongst civilians is 

motor-vehicle accidents (MVA). It is difficult to live with PTSD especially if left untreated. This 

can lead to the development of greater depersonalization. The purpose of this review is to 

explore the physiological measurements of PTSD in MVA victims, misdiagnosis and 

comorbidity, and treatment. By looking into these areas, more effective and accurate diagnosis 

could be produced leading to more appropriate treatment for patients with PTSD experiencing 

dissociation.  
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Introduction 

 

Post-traumatic stress disorder (PTSD) is a condition in which an individual experiences 

or witnesses a traumatic incident followed by symptoms including flashbacks, physical 

responses, uncontrollable thoughts, depressed mood, and severe anxiety.1 Those symptoms 

are commonly linked with peritraumatic dissociative disorder (PDD) in which a patient 

experiences depersonalization, disconnect in time, and emotional numbness in response to 

recollection of their trauma. PTSD and PDD are commonly associated with traumas related to 

war veterans in combat or victims of abuse. However, victims of motor vehicle accidents (MVA) 

are a civilian group that make up a substantial portion of diagnoses.2 PTSD is difficult to live with 

if gone untreated due to the unpredictable, unwanted symptoms than can be crippling mentally 

and physically. The addition of PDD causes further problems such as misdiagnoses. PDD can 

disguise PTSD with its main symptom of detachment and therefore interrupt the treatment 

process.3 There is recognition and research in literature regarding PTSD and PDD, but there are 

still areas that could be improved on such as diagnosing PTSD earlier and more accurately. 

This review will explore physiological measurements of PTSD in motor vehicle accident victims, 

misdiagnosis and comorbidity of PTSD, and treatment. 

 

Physiological measurements 

 

 Post-traumatic stress produces symptoms measurable via physiological testing. 

Subjects who experience trauma also commonly experience great dissociation from their own 

memory, personality, physical being, and general self-awareness. When talking about the 

traumatic incident, patients who experience more intense dissociation due to PTSD show 

results of increased heartrate and decreased autonomic reactivity.4  

The mental toll of PTSD becomes intensified because of lingering physical pain from the 

severity of injuries during the accident. Less noticeable physical injuries such as soft tissue 

damage and whiplash are difficult to detect via traditional scanning/imaging.5 Chronic pain 

sustained from injuries caused by MVAs play a role in the repetitive nature of the flashbacks 

associated with PTSD.6 Monitoring and treating the physical pain could help the treatment of the 

psychological damage.  
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Physical injuries related to speed have no impact on PTSD symptoms. Rather, the 

individual’s perspective, including the perceived risk of life, impacts PTSD symptoms.7 The 

relationship between injury severity and post-traumatic stress symptoms is not significant.8 

While it seems it is the impact of accidents that affects psychological symptoms, it is actually the 

mental state during the accident which determines the presence of symptoms later. Nearly no 

connection between severity of the injury and post-traumatic stress symptoms is seen at the 

time of the traumatic injury, three months, six months, or twelve months after the injury.8  

Military combat veterans may experience subjectively worse traumatic events than 

civilians in motor vehicle accident victims. However, one study showed lower rates of PTSD in 

non-injured veterans compared to civilians and similar rates of PTSD between injured veterans 

and civilians.9 If perception of life risk during the time of the trauma dictates the likelihood of 

developing PTSD, combat veterans are better prepared mentally and emotionally for trauma 

than civilians in motor vehicle accidents through their training.10 If civilians were more 

emotionally and mentally prepared for trauma, then it could be possible for post-traumatic 

symptoms to be softened.    

 

Comorbidity of PTSD and misdiagnosis  

 

 When PTSD is present in conjunction with other conditions, this is known as comorbidity. 

Comorbidity is most common in PTSD of MVA survivors. One of the most prominent symptoms 

are depressive episodes post trauma and/or depressive states, making it the most common 

comorbidity of PTSD.1 People with PTSD are up to five times more likely to develop major 

depressive disorder (MDD) than those without PTSD.11 It is also possible to misdiagnose the 

two disorders entirely. Because major depressive disorder may exist prior to the trauma, MDD 

may be heightened by the traumatic accident and therefore misdiagnosed as PTSD.12 If MDD is 

not diagnosed prior to trauma, it further clouds the differentiation between MDD and PTSD with 

depressive symptoms which may need to be treated differently.12 Other comorbidities of PTSD 

commonly seen in car accident victims are post-concussive syndrome, chronic pain, and other 

psychological personality disorders such as obsessive-compulsive disorder (OCD).5, 13 Greater 

dissociative symptoms and social anxiety are found in chronic PTSD as opposed to acute.14 A 

large problem with PTSD, especially in conjunction with other disorders such as MDD is that it is 

associated with greater attempts at suicide.12, 14 The relationship between PTSD and other 
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diagnoses can be seen in Table 1. One month after an accident, it is possible for patients to 

score high on psychological distress testing and walk away undiagnosed then come back to be 

diagnosed up to 18 months after the accident.15 If MVA victims go a prolonged period of time 

with undiagnosed PTSD, it sets them back from receiving proper treatment. 

 

 

 

 

Treatment 

 

 Cognitive behavioral therapy (CBT) is the most common type of treatment for PTSD.13 

CBT consists of techniques such showing trauma-related images, talking through the most 

traumatic part of the event, having patients read descriptions of their traumatic event aloud, and 

creating triggers associated with the trauma for the patient to experience.16 Patients’ behavioral, 

mental, and emotional progress is tracked throughout the treatment and continuously 

reevaluated by the professional to determine discharge.16  

 CBT for acute PTSD with comorbid MDD showed improvements after four months. 

When CBT was used for treating MVA survivors with PTSD, results showed improvements in 

personal growth and decrease in PTSD symptoms.17 Another outcome of CBT observed in MVA 

survivors is change in electrical brain activity which could mean change in asymmetrical brain 

function.18 When shown trauma-related photos, lower electrical activity in the right of the brain 

was recorded after CBT than before treatment.18 Patients with greater dissociation experience 

increased heart rate with induced trauma-related memory recall.4, 19 Decreased heartrate was 

recorded after CBT.19 Cognitive therapy consists of techniques prescribed only for the 

psychological diagnosis of PTSD but has also been found to help improve daily tasks hindered 

by chronic pain associated with MVA due to injuries, whiplash, and soft tissue damage.13 Even 

after CBT, many MVA victims still experience insomnia, a symptom common prior to treatment 

accompanied by night terrors.20 
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Conclusion 

 

 Post-traumatic stress brings about both mentally crippling symptoms and unwanted 

physical responses. The psychological trauma and intensity of dissociation can be measured 

physiologically through monitoring autonomic reactivity.4 It can also be comorbid or 

undiagnosed due to dissociation or symptoms of other conditions similar to those of PTSD.3, 12 If 

more accurate and timely identification could be done, then more patients with PTSD could be 

treated more efficiently and effectively. This will help the fields of psychology and medicine 

move in the direction needed to improve the life of civilians in motor vehicle accidents.  Further 

research on comorbid diagnoses of PTSD related to motor vehicle accidents specifically needs 

to be done. With that, treatment can hopefully improve to better help the proper diagnosis as 

well as treatment to help reduce residual symptoms.    
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Table 1. Comorbidities of PTSD by percentage (%). 

 

Comorbidities of PTSD 
Percentage (%) of PTSD and 

comorbid diagnosis 

Post-concussive syndrome 5 27 

Chronic pain 6 100 

Major Depressive Disorder 21 83 

Insomnia 20 48 
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Abstract  

Certain injuries such as torn tendons may require a prosthetic in order to heal properly. The 

materials that are used for the prosthetic would be synthetic or natural polymers that need to be 

both biodegradable and flexible. Tendon tissue engineering (TE) looks into polymeric scaffolds 

as a means of tendon and ligament prosthetics. Some natural polymers used are collagen 

derivatives, silk, and polysaccharides that provide different properties with beneficial bioactivity. 

Synthetic polymers are a stronger and more reliable alternative to natural polymers for building 

a scaffold. These synthetic polymers are polyesters such as polyglycolic acid (PGA) and 

polylactic acid (PLA) that are biodegradable but unable to promote cell adhesion. Polyhydroxy 

esters like copolymer poly (lactic-co-glycolic acid) (PLGA) is another synthetic polymer, that has 

an appealing degradation rate via hydrolysis but needs to be combined with PLA to help slow its 

degradation. Another synthetic polymer, polycaprolactone (PCL), has slow degradation but poor 

cell adhesion, so it is combined with collagen. Certain techniques allow the scaffold to be formed 

into mesh, film, hydrogel, foam, and sponge. Electrospinning is one technique that charges a 

polymer solution to form a fiber to fit the specifics of the ECM. Drying technologies make the 

scaffolds porous and dehydrated, improving their degradation rate. A modern technique on the 

rise is 3D-printing, to make a repeatable and precise design. It is highlighted that TE scaffolds 

are seen to be a more viable option than autografts and allografts, with hybrid scaffolds being 

made of both natural and synthetic polymers to produce desired characteristics. 

 

 

 

Keywords: tissue engineering (TE), natural polymers, synthetic polymers, polymeric scaffolding 
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Introduction 

 The human body itself is very powerful in its natural regenerative abilities, be it 

recovering from a sickness, healing a wound, or repairing an internal injury. But many times, 

these natural abilities are not enough to fix the problem. When the autonomic nervous system 

encounters an issue that cannot be handled naturally, medicine can be used to help with the 

problem. An example of this would be a broken bone or torn tendon that requires surgery to 

heal correctly. Many times, these surgeries require some kind of prosthetic with certain 

elements such as biodegradability or flexibility to be put in place.1,2 This is why the engineering 

of these prosthetics is so important. The main components for such prosthetics typically include 

synthetic polymers such as nylon, fiberglass, carbon fibers, polyester, acrylic, and epoxy resins, 

along with other natural polymers.3 Recently, there is an interest in the biomedical community to 

push forward the agenda of research in tissue engineering (TE), and more specifically in tendon 

tissue engineering. Tendon and ligament injuries are very frequent and require additional aid in 

the healing process due to their poor regenerative capacities.2,4 Polymeric scaffolds can be 

used as prosthetics to initiate and improve the healing process within the tendons and 

ligaments. Scaffolds are domains of biomaterials intended to aid, refine, and retain the 

properties of the native tissue.5 Scaffolds can be made up of natural or synthetic polymers 

through various techniques.1,2,4,6 Future research seeks to improve upon the healing capabilities 

and processing methods of using polymers within these scaffolds. 

 

 
1 Reverchon, E., Baldino, L., Cardea, S., & De Marco, I. (2012). Biodegradable synthetic scaffolds for tendon regeneration. Muscles, ligaments 

and tendons journal, 2(3), 181–186. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3666526/ 
2 Silva, M., Ferreira, F.N., Alves, N.M. et al. Biodegradable polymer nanocomposites for ligament/tendon tissue engineering. J 

Nanobiotechnol 18, 23 (2020). https://doi.org/10.1186/s12951-019-0556-1 
3 Hussain, H., & Takhakh, A. (2017). Mechanical Properties of Hybrid and Polymer Matrix Composites That Used To Manufacture Partial Foot 

Prosthetic. Al-Nahrain Journal for Engineering Sciences, 20(4), 887-893. Retrieved from https://nahje.com/index.php/main/article/view/313 

https://nahje.com/index.php/main/article/view/313/253 

4 Kuo, C.K., Marturano, J.E. & Tuan, R.S. Novel strategies in tendon and ligament tissue engineering: Advanced biomaterials and regeneration 
motifs. BMC Sports Sci Med Rehabil 2, 20 (2010). https://doi.org/10.1186/1758-2555-2-20 
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/1758-2555-2-20 

 
5 “Scaffold.” GenScript, www.genscript.com/molecular-biology-glossary/2636/scaffold. 
6 Emami, F., Vatanara, A., Park, E. J., & Na, D. H. (2018). Drying Technologies for the Stability and Bioavailability of 

Biopharmaceuticals. Pharmaceutics, 10(3), 131. https://doi.org/10.3390/pharmaceutics10030131 
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Background of Tissue Engineering 

 The use of prosthetic devices has been present in the world since 3000 BC.7 The 

science behind prosthetics is always evolving and improving. The earliest prosthetics were 

made of simple natural materials such as wood or wax, while more recent prosthetics are made 

of 3D printed polymers.7 With many uses for prosthetics in different parts of the body, new 

technology and medicine points to research on regenerative prosthetics for the tissues in the 

musculoskeletal system. The value and versatility of tissue engineering (TE) make it vital to the 

production of prosthetics in biomedicine. TE, more specifically for tendons and ligaments, is 

very important because of the frequency at which such injuries occur. Tendons and ligaments 

take enormous loads of force and are prone to injury for their poor vascularity and low 

oxygen/nutrient requirements. This explains why tendon injuries account for more than 32 

million injuries yearly in the US.2,8 The most common surgical practice to repair injured tendons 

is the transplantation of tissue from another part of the body (autograft) or a donor 

(allograft).9,2,10 Autograft and allograft transplants are very successful in mechanical strength 

and rehabilitation in the short-term. As for the long-term, studies have shown them to eventually 

cause infections or immunogenic responses, that is a substance causing a reaction from the 

immune system, in the surrounding tissues and often result in recurrent injury.2,8 The use of 

scaffolds from TE is a more promising alternative made of biomaterials that are compatible with 

cells. 

In the formation of scaffolds, many biological factors must be considered. The main goal 

of a scaffold is to be compatible with the native tissue that it is repairing. This is done by 

mimicking the extracellular matrix (ECM) of the native tissue.1 The ECM is the complete 

description of the three-dimensional structural mechanics and biochemistry of the 

macromolecular network that makes up the tissue10. In addition to the scaffold having all the 

 
7 Cruz RLJ, Ross MT, Powell SK and Woodruff MA (2020) Advancements in Soft-Tissue Prosthetics Part A: The Art of Imitating Life. Front. 

Bioeng. Biotechnol. 8:121. doi: 10.3389/fbioe.2020.00121 

8 Mozdzen, L. C., Rodgers, R., Banks, J. M., Bailey, R. C., & Harley, B. A. (2016). Increasing the strength and bioactivity of collagen scaffolds using 
customizable arrays of 3D-printed polymer fibers. Acta biomaterialia, 33, 25–33. https://doi.org/10.1016/j.actbio.2016.02.004 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5030103/ 

 
9 Beldjilali-Labro, M., Garcia Garcia, A., Farhat, F., Bedoui, F., Grosset, J. F., Dufresne, M., & Legallais, C. (2018). Biomaterials in Tendon and 

Skeletal Muscle Tissue Engineering: Current Trends and Challenges. Materials (Basel, Switzerland), 11(7), 1116. 

https://doi.org/10.3390/ma11071116 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6073924/ 

10 Wang, Z., et al. “Functional Regeneration of Tendons Using Scaffolds with Physical Anisotropy Engineered via Microarchitectural 

Manipulation.” Science Advances, vol. 4, no. 10, 2018, doi:10.1126/sciadv.aat4537. 



 

34 
 

characteristics of the tissues’ natural ECM, they must also be biodegradable. This needs to be 

at a rate in which there is full regeneration of the tissue through cell growth, and adhesion from 

the stem cells or other specialized cells within the scaffold1. The degradation rate of a polymer is 

vital and can change depending on the polymer’s molecular weight and crystallinity.2 The 

biodegradable materials that inhabit all of these qualities include many synthetic and natural 

polymers and are therefore used in the creation of scaffolds. 

 

Natural Polymers 

  The most simple and obvious way for a scaffold to interact with cells and the rest of the 

body is to make it out of the same natural materials as the injured tendon. The composition and 

structure of tendons are primarily comprised of the main component of the ECM, which is type 1 

collagen.1,9 Because of this, many natural scaffolds are made with collagen derivatives, which 

are hydrophilic polymers that promote cell growth and cell adhesion, as it was among the first 

natural materials used for scaffolds.1,2 Purified collagen derived from animal tissue must 

undergo crosslinking in order to rid it of disease, remove foreign antigens, improve its strength, 

and decrease the degradation rate.2 Crosslinking can be done chemically or by irradiation to 

form chemical bonds between polymer chains. Once crosslinked, this ensures greater stability 

at higher temperatures, along with many other desired effects that can be shown in Figure 1.11 

One study conducted in 2005 demonstrated biodegradability as an additional characteristic 

when they found the complete resorption of a collagenous scaffold in the knee of a rabbit after 6 

weeks.12 But even after the crosslinking, collagen has poor mechanical and regenerative 

properties for the tendon, so improved strategies and other materials are being sought after.2  

 
 
11 “Polymer Crosslinking.” Cross Linked Polymer | Polymer Crosslinking | Cross Linking Polymers, www.marmon-ad.com/polymer-cross-

linking. 

12 Bellincampi, Lisa & Closkey, Robert & Prasad, Rajiv & Zawadsky, Joseph & Dunn, Michael. (1998). Viability of fibroblast-seeded ligament 

analogs after autogenous implantation. Journal of orthopaedic research : official publication of the Orthopaedic Research Society. 16. 414-20. 

10.1002/jor.1100160404. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/jor.1100160404 
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Figure 1 – Crosslinking of Type 1 Collagen  

 

 One alternate natural polymer with superior toughness that can easily be constructed in 

many forms is silk.9,2 Silk provides low immunogenicity and biocompatibility with cells in vivo and 

in vitro.9 A study conducted on mountain sheep in 2016 using braided silk fibers to produce the 

scaffolds, successfully stimulated ACL regeneration in vivo and resulted in improved fibroblast 

adhesion with higher cell density and collagen production.13 Silk has surface amino acids for cell 

adhesion and degrades slowly through proteolysis (Figure 2), which is the breakdown of its 

proteins to amino acids by enzymes.4 Silk is widely used as a biomaterial because of these 

features and its exceptional tensile strength. 

 

 
13 Teuschl, A., Heimel, P., Nürnberger, S., van Griensven, M., Redl, H., & Nau, T. (2016). A Novel Silk Fiber–Based Scaffold for Regeneration 

of the Anterior Cruciate Ligament: Histological Results From a Study in Sheep. The American Journal of Sports Medicine, 44(6), 1547–1557. 

https://doi.org/10.1177/0363546516631954 

https://journals.sagepub.com/doi/full/10.1177/0363546516631954?casa_token=VGgoZdUaaooAAAAA%3A-D0D-

XMIqoKnNIm_s8U0NuyDzJs0OIMrOjkKuccdxdTh6Z1Z_X1TL_ZJzmHsc7FldtAcHYRd6Q-C4A&#articleCitationDownloadContainer 
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Figure 2 – The rate of degradation of silk nanoparticles proteolysis compared to other enzymes  

 

 

 Another natural polymer option for tendon TE is polysaccharides. They are generally 

used in the regeneration of hard tissue.1 As shown in Figure 3, hyaluronic acid is an anionic 

linear polysaccharide that is found in all soft tissue and is responsible for the maintenance of the 

ECM.2 Hyaluronic acid is not immunogenetic, but it supports cell adhesion/growth, and is anti-

inflammatory. However, due to its short degradation time, modifications are needed to improve it 

as a biomaterial.2 A cationic polysaccharide, chitosan, has great biocompatibility to produce 

scaffolds when typically combined with alginic acid and hyaluronic acid. These form poly-ionic 

complexes for scaffolds with desirable properties because of their opposite charges.2 

  

Figure 3 – Structure of hyaluronic acid  

 

  

Figure 4 – Structures of chitosan and alginic acid 

 

Synthetic Polymers 

Synthetic polymers are a stronger, more reliable alternative to natural polymers for 

building a scaffold. Many of these polymers are polyesters like polyglycolic acid (PGA) and 

polylactic acid (PLA) that also have the beneficial property of biodegradability.1 Due to their 

flexibility and strength, synthetic polymers are very appealing to TE. Synthetic polymers are 

inexpensive to produce and easy to mold into various forms. They can also be non-toxic and 

processed under mild conditions to make them compatible with cells.9 Still, synthetic polymers 
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are typically unable to promote cell adhesion at a high degree, thus they usually require specific 

coatings.1,9 Polyesters including polycaprolactone (PCL), poly(lactide-co-caprolactone) (PLCL), 

poly(lactic-co-glycolic acid) (PLGA), as well as the aforementioned PGA and PLA are common 

materials for scaffold production in TE.2  

|
 

Figure 5 – Structures and hydrolytic reactions of PLGA and PLA 

 Polyhydroxy esters are at the forefront for synthetic polymers used in tendon TE and are 

among the best in degradation rate because they degrade by hydrolysis.9,2 These polyhydroxy 

esters include the copolymer poly (lactic-co-glycolic acid) (PLGA) with its flexible and 

reabsorbing qualities.2 Since its monomers are lactide and glycolide, PLGA undergoes 

biodegradation by chemical hydrolysis of the hydrolytically unstable ester bond and produces 

lactic acid and glycolic acid, which are naturally removed by the metabolic pathways of the 

body.2 Because of this swift biodegradation, PLGA is unable to stay intact long enough to 

promote the regeneration of the tendon and is therefore combined with other polymers like 

polylactic acid (PLA).2 PLA has a much slower degradation rate, as it undergoes hydrolytic 

scission with a product of lactic acid which is released from the body through respiration as 

CO2.2 Polycaprolactone (PCL) is another synthetic polymer with a slow degradation rate and 

high tensile strength but with poor cell adhesion due to its hydrophobicity, so it is usually 

combined with chitosan or coated with collagen.2 

 

Techniques 

 A big part of a scaffold’s success relies on the methods and techniques behind how the 

biomaterials of the scaffold are formulated and concocted in the creation of the scaffold. From 

these techniques, polymers can be configured into various forms like mesh, film, hydrogel, 

foam, and sponge.3 One popular technique that is used in the formation of many scaffolds is 

electrospinning. In electrospinning, a polymer solution is charged with an electric potential and 
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forms a fiber that can be modified in its composition, diameter, and alignment to best fit the 

specifics of the target ECM.1,9 In this process, crosslinked natural and synthetic polymers are 

often blended into nanofibrous matrices which can be knitted or braided together for maximum 

tensile strength and flexibility.1,9,2 For there to be promotion of cell proliferation and nutrient 

transport, drying technologies are used on the polymers to make the scaffolds porous. Drying 

also causes a polymer that is too hydrophilic to become dehydrated, making it more stable in 

aqueous solutions, and therefore improving its degradation rate.6 Typical for hydrogels and 

sponges, freeze-drying with ice crystals can induce phase separation in a polymer solution to 

make the polymer porous and aqueous stable.1,9 3D-printing is another more modern technique 

used in TE that is able to make repeatable and precise designs on the architecture of a scaffold 

on a micro and macro scale.2 As shown in Figure 6, a study done in 2016 was able to create a 

scaffold made of collagen-glycosaminoglycan and acrylonitrile butadiene styrene using 3D-

printing, reporting on its success of biocompatibility and tensile strength.8 Although 3D-printing 

is a very precise and efficient technique to create scaffolds, it is not widely used because it is 

fairly new with much more research to be done, but it holds a bright spot in the future of scaffold 

production in TE. 

 

Figure 6 – Theoretical formation of a 3D printed scaffold 

 

 

 

Conclusion 

 With the ongoing demand of finding new ways to repair common reoccurring injuries,  

especially for tendons and ligaments, polymeric prosthetics are there for temporary support and 

to develop regeneration. Polymers play a key role as the biomaterials of choice for scaffolds in 
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tissue engineering. Scaffolds can be made of natural or synthetic polymers that are typically 

combined to form hybrid scaffolds with the great bioactivity of the natural polymers and the 

exceptional mechanical properties of synthetic polymers. The methods by which these 

polymeric scaffolds are created pose an important role in the success of the scaffold. Scaffolds 

are a better alternative to autografts or allografts due to them allowing your body the  

chance to regenerate on its own. With the manipulation of fiber orientation, the required three-

dimensional properties of the extracellular matrix and native tissues can be achieved. Research 

will continue in finding what combination of polymers and how they are best formed to make the 

most reliable and regenerative scaffold. 
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