
159Gomal Journal of Medical Sciences July-September 2022, Vol. 20, No. 3

DOI: 10.46903/gjms/20.03.1172

REVIEW ARTICLE

SYNTHETIC POLYMERS AND THEIR USE IN CLINICAL 
MEDICINE: A NARATIVE REVIEW

Taimoor Hassan1, Sana Saeed2, Ashfaq Ahmad3, Farooq Ahmed3, Yasir Ali3, Shehzad Khalid3

1School of Pharmacy & School of Medicine, Changzhou University, Jiangsu, China, 2Department of 
Pharmaceutical Sciences, Tianjin University, Tianjin China, 3Department of Health Professional Technologies, 

The University of Lahore, Pakistan

ABSTRACTABSTRACT
A plethora of synthetic, hybrid and biological polymers are widely being used in medical applications. Many 
polymers are helpful in our civic activities. Their peculiar chemical, physical, and biological properties are applicable 
in multiple domains of life from engineering to medicine. This review specifically addresses the novel polymers 
and their applications in clinical medicine. It has been reported by the researchers that, synthetic polymers are 
not only playing tremendous roles in micro and macro medical-industry but these also play a remarkable role at 
nano levels as nano-drug carriers in pharmaceuticals. In this review, we will give a brief introduction of polymers 
and how they are widely being used in medicinal interventions. We will further shed light on the future prospects 
of polymers with an updated version.
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instance, their peculiar characteristics can be attained 
based on simple monomer units, their polymerization 
reactions are easily adjustable and controlled.5 They 
possess contemporary mechanical properties like 
shape memory polymers, they can readily deform 
and attain their original shape with particular stimulus 
such as temperature, light, magnetic field or PH.37 
There are widely being used in biomedical domain 
as in vascular stenting, suturing, drug-delivery devic-
es or agents, dental implants, clot removing agents 
etc.6 Despite their mechanical properties they also 
elicit specific functional characteristics. For instance, 
the cellulose biopolymers are used as drug delivery 
agents.21 Possessing organic chemistry, the polymers 
show allegiance with biological components like 
cells and tissues.7 These peculiar properties support 
them to be widely used in human bodies.9 Apart from 
ascendancy, they can also pose a serious threat to 
human health.8

2. METHODOLOGY2. METHODOLOGY
This narrative review was conducted in School 
of Pharmacy & School of Medicine, Changzhou 
University, Jiangsu, China from January 2022 to May 
2022. In order to assess the applications of synthetic 
polymers in clinical medicine, this review analyzed 
all articles published during 1999 to 2022 in both 
local and foreign journals. To answer this question, 
different keywords “Clinical medicine”, “Biomedical 
polymers”, “Nano-drug delivery carriers”, “Synthetic 
Polymers”, “Polymers’’ separately and in combination 
were searched in different electronic databases such 

Corresponding Author:
Dr. Taimoor Hassan
Post-graduate Scholar
School of Pharmacy & School of Medicine
Changzhou University, Jiangsu, China
E-mail: taimoorhassan408.th@gmail.com 
Date Submitted:	 03-03-2022
Date Revised:		  12-06-2022
Date Accepted:		 28-06-2022

1. INTRODUCTION1. INTRODUCTION
Almost everything which is around us is made up of 
any kind of polymer i.e; natural, synthetic and hy-
brid polymers.1 Humans are using natural polymers 
like hairs, cellulose or horns since the beginning of 
man-kind. They have successfully mastered in their 
medical applications like suture materials are being 
used since thousands of years and dental implants 
are also being reported since Egyptian civilization and 
the list goes on.2

Human-made synthetic polymers are also multifarious 
as of natural polymers, even though, their progress 
and extensive use are reported during and after the 
advent of World War II.3 Freshly developed polymers 
spontaneously took their entry in medical domain, 
like polyamides and polyesters as man-made suture 
materials.4

Synthetic polymers received spotlight for various rea-
sons; their peculiar chemical and physical properties 
make them a strong candidate in today’s era.2 For 
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as CINAHL, PubMed, Scopus, Web of Science, HEC 
digital library, and eMedicine. The articles’ inclusion 
criteria were based on the article which contained rele-
vant data regarding applications of synthetic polymers 
in clinical medicine. Articles with copyright, irrelevant 
information and lacking the full text were excluded. 
In the screening step, 93 articles were selected after 
review of abstract; according to criteria the duplicate 
and incomplete articles were removed. In last step, 57 
articles were selected for the final analysis.

3. DISCUSSION3. DISCUSSION
3.1 Intrinsic properties and application of polymers 
3.1.1 Polyolefins
Polyolefins Polyethylene (PE) and polypropylene (PP) 
are hydrophobic polymers, which do not degrade in-vi-
vo.1 The low-density PE are mainly used in packings.33 
And high-density PE are mainly used in implantology 
such as artificial joints. Because of their biological 
inertness, they are also used in meshes and sutures.9

3.1.2 Polyvinyl chloride (PVC)
PVC is an important polymer used in medicine in-
dustry.7 It needs plasticizers and stabilizers for its 
application and fabrication, which are reported to be 
prime medical concerns for its therapeutic use.10 The 
Calcium/ Zinc stabilizers help them to prevent from 
autocatalytic breakdown of hydrochloric acid and 
disintegration of polymer upon thermal processing.27 
The most commonly used plasticizers i.e. phthalate 
converts hard/ rigid PVC into soft polymer which is 
then used for blood storage bags and extracorporeal 
tubings.11 Studies reported the cytotoxicity of PVC 
which are manufactured with plasticizers like phthalate 
and tin.12

3.1.3 Silicones
Silicones are biostable and hydrophobic elastomers 
which do not need any assistance of plasticizers, 
because of their peculiar physical and chemical prop-
erties they are strong contenders for several medical 
applications.13 It is investigated that in ophthalmologi-
cal applications they elicit more tolerance, reciprocally 
the formation of fibrous capsule in breast implants.14

3.1.4 Poly tetrafluoroethylene (PTFE)
PTFE is commercially known as Teflon is non-degrad-
able and hydrophobic material.41 It instigates less 
inflammation in the human body and manifests the 
ingrowth of tissue.2 These are mainly used as vascular 
grafts in surgeries.15

3.1.5 Polyethers
Ether is biologically stable.4 Polyether ether ketone 
(PEEK) are typically used in orthopedics for being 
hard in nature.51 Polyether sulfone (PES) are used in 
dialysis membranes.16

3.1.6 Polyurethanes
They are synthesized with various properties. Poly-
ethers, Polyesters, and polycarbonate-based polyure-
thanes with two components i.e; aliphatic or aromatic.33 
Their aromatic formulations elicit good stability.12 
Polyurethanes stents are effectively used as ideal drug 

carrier for local delivery system in humans.47 Miscella-
neously, possessing excellent mechanical properties 
they are used in tissue-engineering.17 
3.1.7 Methacrylates
Methyl methacrylates are widely used in orthopedics 
and dentistry. They are suitable for use only with in situ 
polymerization, because this process is exothermic. 
It can pose a threat for tissue damage; hence its low 
amount is always recommended. Possessing special 
optical properties, they are used as intraocular lens-
es.18 They are also used in hemo-compatible coatings 
like lubrication coating on contact lenses.19

3.2 Biomedical implications of synthetic polymers 
exterior to body
3.2.1 Hemodialysis membranes
These are typically manufactured as clusters of void 
fibers with a blood contiguity surface of 0.5-1.5 m2. 

Blood interaction poses great threats on compatibility 
of blood with membranes, besides the requirements of 
substances which are much smaller than the albumin 
and to address the transit of contaminants of dialysate 
into the blood.20 Conventional dialysis membranes 
were prepared from cellulose, its hydroxyl group 
surrogate by the acetyl derivatives with other helping 
supplements to avert initiation of complement system, 
associated leukocytes activation and damage to the 
lungs. Synthetic membranes are specifically made up 
of hydrophilic and hydrophobic polymers such as the 
membranes of polysulfone (PSf), polyarylsulfones, or 
polyvinylpyrrolidone (PVP), and PES. Other miscella-
neous materials are also used, such as polycarbonate, 
polyester polymer alloy (PEPA), PMMA, polyacryloni-
trile (PAN), ethylene vinyl alcohol copolymer (EVAL) 
and molecular nano-porous silicon membranes.21 It 
is reported that the hydrophilic components of poly-
ethylene glycol (PEG) or PVP in membrane improves 
the properties of blood compatibility and antifouling.8

3.2.2 Containers
Plethora of polymers is not biocompatible, hence used 
for packaging of medical devices and drugs. Syringes 
and plastic ampules are used to migrate drugs from 
one medium to another medium, but this phenomenon 
depends upon several factors such as drug-polymer 
interaction, oxygen permeation, the shifts in pH etc.22 
It is reported that the drug-polymer interaction not only 
affects the efficacy, distribution, bioavailability, nature 
of the drugs but also impairs the functions of polymer 
such as their physical, chemical, and mechanical 
properties. Polypropylenes, HDPE, and polyolefins are 
strong aspirants for the production of compressible 
vials, UV or oxygen resistant canisters because of 
their peculiar properties of inertness. Cyclic polyolefins 
and copolymers are widely used in prefilled polymer 
syringes because of their optical and mechanical 
properties along with their potential stability in steam 
sterilization. The tip-caps of these syringes are mainly 
made up of elastomers.23

Moreover, phthalate-based PVC plasticizers are used 
for several extracorporeal perfusion tubes to admin-
ister medicines, and also in blood leading tubes in 
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extracorporeal oxygenation or extracorporeal dial-
ysis. Additionally, the blood and its substitutes are 
also stored in the bags manufactured from afore-
mentioned polymers. Researchers investigated that 
phthalate-based PVC plasticizer bags reduce the risk 
of hemolysis of red blood cells to 50% as compared 
to non-plasticized blood canisters. These materials are 
also effective to keep blood products safe for a longer 
duration of time.24 The extracorporeal circulation tubes 
are frequently heparinized to minimize the effect of 
coagulation because of their continuous contact and 
increased thrombogenicity of PVC. To store platelets, 
polymers like polyolefins are used. Polyethylene and 
polyurethanes are used in tubings. The tubings are 
typically made up of silicone. To store platelets, sev-
eral polymers such as polyolefins, polyurethanes and 
polyethylene are used for tubings. Silicone is a typical 
component for the tubings of peristaltic pumps.
3.3 In-vivo applications of polymers
Here we will introduce the in-vivo applications of syn-
thetic polymers. 
3.3.1 Urethral stenting and urinary catheters
The upper urinary tract phiz identical complications 
of microbial infections with polymer ureteral stents as 
catheters in lower urinary tract site.25 Silicone is con-
sidered to be the most suitable material to address this 
problem, but it shows some resistance as well. It’s high 
frictional and low mechanical stiffness properties make 
its application somewhat difficult.23 The contemporary 
polyurethane formulations such as soflex, chronoflex, 
tecoflex, perculflex, PMMA/ pHEMA copolymers, 
polyesters (Silitek), Styrene/ ethylenebutylene/ styrene 
block copolymers are developed to address the prob-
lems which are being caused by silicones. But there 
is no any ambiguity in saying that silicones are more 
stable materials with revised mechanical properties. 
Urethral stents laminated with phosphorylcholine, PVP, 
hydrogels, glycosaminoglycanes (Heparin, GAGs) 
are used widely to hinder the microbial colonies and 
improve patients’ safety.26

The urinary catheters are mainly manufactured from 
silicone, latex and polyurethane. Possessing higher 
pervasiveness of latex allergy, the latex is always 
blended with other polymers. The common compli-
cations such as catheter blockage, impudence and 
urinary tract infections are generally associated with 
urinary catheters. These catheters instigate the bac-
terial growth such as Proteus mirabilis which impairs 
the membranes of urinary tract.27 These catheters 
must possess the ability of easy insertion, prevention 
from any occlusion or collapse, and easy removal. 
The surface of these catheters should be smooth with 
minimal friction. Therefore, the coating techniques are 
the primary concern in their production.28

PTFE coated latex catheters retain in patient for a 
period of three to four weeks approximately, but this 
duration is much longer for silicone and silicon-based 
catheters. A polymer named pHEMA is used as a 
hydrogel coating which allows the catheter to remain 
stable. Silver based hydrogel coatings provide an-
ti-microbial fittings to the catheters. Studies reported 

that the use of these hydrogel coatings lower the risk 
of contamination.29 

3.3.2 Dressing of wounds
Synthetic polymers possessing the characteristics of 
small pore size and high surface area are typically used 
for burn management and wound dressings. Poly-
urethane-dextran’s nanofiber mats which contain an 
antibiotic named ciprofloxacin are widely used for dirty 
wound dressings.30 A group of scientists find out that 
chitosan-based poly (N, N-diethyl-acrylamide) dressing 
is potentially used for various biomedical applications 
and wound dressings because of their interactive and 
thermo responsive inter-penetrating polymer network 
films.31 Cellulose acetate, poly(lactide-co-glycolide), 
poly-l-lactide and water-soluble carrageenan hydrogels 
impenetrated with a natural material named shikonin 
are best candidates for wound healings, with antiox-
idant, antimicrobial, antitumor and anti-inflammatory 
activities.32 Poly (ethylene glycol)/ chitosan polymers 
treated with ciprofloxacin hydrochloride antibiotic are 
used in contaminated/ clean contaminated wound 
dressings.33 Another research reported that silver 
nanoparticles and chitin based bactericidal films are 
also used in the dressing of burns and wounds.34 
Polyethylene glycol in an association with heparin 
(low molecular weight), polyethylene glycol-protein 
conjugates are used as occlusive materials for wound 
dressings.35 Polyurethane foams in combination with 
pH-sensitive bentonite hydrogels or alginate are also 
used as wound dressings for semi-clean wounds. 
Polyurethanes possess good antibacterial and absorp-
tive properties. Polyvinylpyrrolidone-alginate based 
hydrogels containing nano silver are being widely used 
as dermatological bandages and dressings. Scientists 
found that silicone-coated non-woven polyester dress-
ings strengthens the re-epithelialization of skin in sheep 
models in treating skin wounds/ scars.36 
3.3.3 Vascular catheters
While considering the quality of vascular catheters, it is 
important to note that they must not be thrombogenic 
and inflammatory towards vascular wall.37 These must 
possess the properties of non-collapsing, non-kinking 
and mechanically flexible. CVC’s (central venous 
catheters) because of their long stay inside the body 
usually elicits antimicrobial properties which avert them 
from any bacterial adhesions.37

Polyvinylchloride (PVC) was the earliest polymer which 
was used widely for the production of catheters. Cur-
rently its long-term applications (peripheral venous 
catheters) are confined to short-term applications 
because of plasticizers.38 Therefore, polyurethanes, 
having peculiar properties have replaced the PCV 
because they do not need plasticizers as catheters. 
Plethora of polyethenes, polyesters, and polycar-
bonate-based polyurethanes with their aliphatic or 
aromatic components has been manufactured for 
catheters.39 Silicone-based catheters are now inserted 
for persistent applications in patients from few weeks 
to several months. Researchers have investigated that 
silicone is much softer material than polyurethanes, 
hence, their risk of vascular injury is also quite less.40 
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High-density polyethylene-based (HDPE) polymers 
are used in inner edges or linings of invasive catheters 
which provides assistance in sliding the guide wire. 
PEEK or polyimide-based catheters are also used in 
inner linings because of their higher mechanical resis-
tance. Conversely, the block copolymers of polyamide 
are used in exterior linings of same catheter, as they 
enhance the stability and flexibility of polyurethanes 
with nylon.41 The balloons of invasive catheters are 
manufactured from polyamides or polyesters because 
of higher tensile strength.42

3.4 Other miscellaneous implications of polymers
3.4.1 Suture materials
Surgical staples and sutures made-up of polymers 
are the most frequently used materials in surgical 
interventions. Stability, degradability, tensile strength, 
absorption etc. are the properties which are specifi-
cally considered for the selection of suture materials 
in wound closure after performing surgery.43 A large 
number of biological suture materials are used today. 
Cellulose, catgut, silk etc. are the examples of de-
gradable biological sutures. While, vicryl (polyglactic 
acid), PDS, PGA are synthetic resorbable sutures.44 
Polyethylene, polypropylene, nylon, polybutester, 
polyesters etc., are non-absorbable sutures. Inner 
tissues and organs are usually fast healing in nature 
and they are stitched with resorbable materials. Con-
versely, the slow healing tissues such as tendons are 
sutured with non-resorbable materials.45 It is shown 
that biologically degradable materials are deteriorated 
from tissue response by proteolysis.46 
3.4.2 Joint prosthesis
Join prostheses are extensively used materials in 
orthopedic surgery.47 Ultra-high molecular weight 
polyethylene (HHMWPE) in nature is semicrystalline 
polymer with potential strength, and low resistance, 
therefore, it is still a weak contestant for fatigue frac-
tures.48 However, the free radicals in polymer induced 
gamma sterilization poses a stable ageing to ultra-high 
molecular weight polyethylene devices upon storing 
oxygen ambiance. Researchers found that still no any 
other polymer can replace UHMWPE for bearing heavy 
loads. For small joint replacements, flexible silicone 
spacers are preferred because of their biocompatibility 
and mechanical properties.49 But, pyrocarbon with 
graphite are gaining attention of researchers because 
of their inertness, young’s modulus closer to bone and 
low friction behavior.50  
3.4.3 Vascular grafts
ePTFE based polymers are amply used in vascular 
grafting. It is reported that the graft patency of ePTFE 
is somewhat similar to Dacron, but still ePTFE have 
advantage in handling over Dacron.51 The self-sealing 
vascular grafts of polyurethane punctures immediately 
as compared to ePTFE grafts. Hence, the infection rate 
of polyurethane is higher than ePTFE. It is found that 
vascular grafting of big vessels are more successful 
such as 5-year patency rate in contrast to small vas-
cular grafting. Tissue engineering is introducing itself 
as a strong player in mini-vascular grafting.52 

3.4.4 Contact lenses 
In Ophthalmology, contact lenses are widely used 
biomaterials. Old polymer lenses were specifically 
designed from a polymer named rigid PMMA. PMMA 
is reported as harmful material for corneal epithelial 
cells because of being hard in nature and its oxygen 
impermeability.53 Therefore, silicon acrylate-based 
polymers were introduced.52 Currently, siloxane-based 
hydrogels are used to enhance the formation of soft 
oxygen permeability for up to duration of one-month 
permanent wear.29 Therefore, these kinds of hydrogels 
are being used as drug delivery carriers such as in the 
treatment of glaucoma.54

3.4.5 Dentistry
Synthetic polymers are phenomenally used in the 
field of dentistry, all the artificial teeth and dentures 
are made up of polymers.43 PMMA is the most widely 
used polymer in dentistry.55

4. CONCLUSIONS & FUTURE PROSPECTS 4. CONCLUSIONS & FUTURE PROSPECTS 
OF SYNTHETIC POLYMERSOF SYNTHETIC POLYMERS
Polymers; a repeatedly heard word in our regular life is 
a large molecule or macromolecular, that is a joint-ven-
ture of number of small subunits. We are living in an era 
of industrial revolution where we cannot imagine life 
without polymers. They are salient part of our personal, 
domestic and commercial life from our DNA to giant 
spaceships. Many polymers are being used in almost 
every domain of medical sciences. The peculiar prop-
erties of polymers such as degree of crystallization, 
molecular weight adjustments, cross-linking degrees, 
tensile strengths, characterizations, blending abilities, 
biocompatibility, and toxicity make them adjustable 
according to situation and desired use. Biodegradation 
is a contemporary and well-studied property of many 
polymers; hence these are widely applicable for in 
vivo and in vitro practices. It is worth-mentioning that 
experts from all domains such as doctors, chemical en-
gineers, textile engineers, mechanical engineers, phar-
macists, technologists, chemists, research experts and 
technicians staff are directly or indirectly associated in 
several research projects related to biopolymer and 
polymers. Surprisingly, in biomedicine, biophysics, 
polymer biology, molecular biology and pharmacy 
the science of polymers have opened new horizons 
of researches for investigators. It is quite obvious that 
why the study of these giant molecules is catching the 
eyes of researchers in today’s era.

REFERENCESREFERENCES
1.	 Babo PS, Reis RL, et al. Natural-based hydrogels 

for tissue engineering applications. Molecules 2020 
Dec 11;25(24):5858. https://doi.org/10.3390/mole-
cules25245858

2.	  Hussey GS, Dziki JL, Badylak SF. Extracellular ma-
trix-based materials for regenerative medicine. Nat Rev 
Mater 2018 Jul;3(7):159-73. https://doi.org/10.1038/
s41578-018-0023-x 

3.	 Mohammed AS, Naveed M, Jost N. Polysaccharides; 
classification, chemical properties, and future perspective 
applications in fields of pharmacology and biological 
medicine (A review of current applications and upcoming 

https://doi.org/10.3390/molecules25245858
https://doi.org/10.3390/molecules25245858
https://doi.org/10.1038/s41578-018-0023-x
https://doi.org/10.1038/s41578-018-0023-x


163

Synthetic polymers and their use in clinical medicine: a narrative review.

Gomal Journal of Medical Sciences July-September 2022, Vol. 20, No. 3

potentialities). J Polym Environ 2021 Aug;29(8):2359-71. 
https://doi.org/10.1007/s10924-021-02052-2 

4.	 Liu H, Chen T, Dong C, Pan X. Biomedical applications 
of hemicellulose-based hydrogels. Curr Med Chem 2020 
Aug 1;27(28):4647-59. https://doi.org/10.2174/0929867
327666200408115817 

5.	 Tsurkan MV, Levental KR, Freudenberg U, Werner C. En-
zymatically degradable heparin-polyethylene glycol gels 
with controlled mechanical properties. Chem Commun 
2010;46(7):1141-3. https://doi.org/10.1039/B921616B 

6.	 Fonseca KB, Bidarra SJ, Oliveira MJ, Granja PL, Barrias 
CC. Molecularly designed alginate hydrogels susceptible 
to local proteolysis as three-dimensional cellular micro-
environments. Acta Biomate 2011 Apr 1;7(4):1674-82. 
https://doi.org/10.1016/j.actbio.2010.12.029 

7.	 Peyton SR, Raub CB, Keschrumrus VP, Putnam AJ. The 
use of poly (ethylene glycol) hydrogels to investigate 
the impact of ECM chemistry and mechanics on smooth 
muscle cells. Biomater 2006 Oct 1;27(28):4881-93. 
https://doi.org/10.1016/j.biomaterials.2006.05.012 

8.	 Weder C. Polymers react to stress. Nature 2009 
May;459(7243):45-6. https://doi.org/10.1038/459045a 

9.	 Hassan T, Zhou C, Saeed S. Polymers, An Infrangible 
part of our life. J Med Dent Coll 2021 Sep 30;10(3):131-2. 
https://doi.org/10.35787/jimdc.v10i3.747 

10.	 Konda SS, Brantley JN, Bielawski CW, Makarov 
DE. Chemical reactions modulated by mechanical 
stress: extended Bell theory. J Chem Phys 2011 Oct 
28;135(16):164103. https://doi.org/10.1063/1.3656367 

11.	 Yan Q, Yuan J, Cai Z, Xin Y, Kang Y, Yin Y. Voltage-respon-
sive vesicles based on orthogonal assembly of two ho-
mopolymers. J Am Chem Soc 2010 Jul 14;132(27):9268-
70. https://doi.org/10.1021/ja1027502 

12.	 Aslam MU, Abd-Razak SI, Al-Arjan WS, Nazir S, 
Sahaya TJ, Mehboob H, et al. Recent advances in 
biopolymeric composite materials for tissue engineer-
ing and regenerative medicines: a review. Molecules 
2021 Jan 25;26(3):619. https://doi.org/10.3390/mole-
cules26030619 

13.	 Ahmad A, Mubarak NM, Jannat FT, Ashfaq T, Santulli 
C, Rizwan M, et al. A critical review on the synthesis of 
natural sodium alginate based composite materials: An 
innovative biological polymer for biomedical delivery 
applications. Processes 2021 Jan 11;9(1):137. https://
doi.org/10.3390/pr9010137 

14.	 Chen CC, Dai L, Ma L, Guo RT. Enzymatic degradation 
of plant biomass and synthetic polymers. Nat Rev Chem 
2020 Mar;4(3):114-26. https://doi.org/10.1038/s41570-
020-0163-6 

15.	 Shi CY, Zhang Q, Wang BS, Chen M, Qu DH. Intrinsically 
photopolymerizable dynamic polymers derived from 
a natural small molecule. ACS Appl Mater Interfaces 
2021 Sep 9;13(37):44860-7. https://doi.org/10.1021/
acsami.1c11679 

16.	 Jung K, Corrigan N, Wong EH, Boyer C. Bioactive Syn-
thetic Polymers. Adv Mater 2022 Jan;34(2):2105063. 
https://doi.org/10.1002/adma.202105063 

17.	 Donnaloja F, Jacchetti E, Soncini M, Raimondi MT. Natural 
and synthetic polymers for bone scaffolds optimization. 
Polymers 2020 Apr 14;12(4):905. https://doi.org/10.3390/
polym12040905 

18.	 Muneer F, Rasul I, Azeem F, Siddique MH, Zubair M, 
Nadeem H. Microbial polyhydroxyalkanoates (PHAs): 
efficient replacement of synthetic polymers. J Poly Env 
2020 Sep;28(9):2301-23. https://doi.org/10.1007/s10924-
020-01772-1 

19.	 Tabasum S, Noreen A, Maqsood MF, Umar H, Akram N, 

Chatha SA, et al. A review on versatile applications of 
blends and composites of pullulan with natural and syn-
thetic polymers. Int J Bio Macrol 2018 Dec 1; 120:603-32. 
https://doi.org/10.1016/j.ijbiomac.2018.07.154 

20.	 Vasile C, Pamfil D, Stoleru E, Baican M. New develop-
ments in medical applications of hybrid hydrogels contain-
ing natural polymers. Molecules 2020 Mar 27;25(7):1539. 
https://doi.org/10.3390/molecules25071539 

21.	 Correa S, Grosskopf AK, Lopez Hernandez H, Chan D, 
Yu AC, Stapleton LM, Appel EA. Translational applications 
of hydrogels. Chem Rev 2021 May 3;121(18):11385-457. 
https://doi.org/10.1021/acs.chemrev.0c01177 

22.	 Richbourg NR, Peppas NA, Sikavitsas VI. Tuning the 
biomimetic behavior of scaffolds for regenerative medi-
cine through surface modifications. J Tissue Eng Regen 
Med 2019 Aug;13(8):1275-93. https://doi.org/10.1002/
term.2859 

23.	 DeFrates KG, Moore R, Borgesi J, Lin G, Mulderig T, 
Beachley V, et al. Protein-based fiber materials in medi-
cine: a review. J Nanomater 2018 Jun 22;8(7):457. https://
doi.org/10.3390/nano8070457 

24.	 Reddy MS, Ponnamma D, Choudhary R, Sadasivuni KK. 
A comparative review of natural and synthetic biopolymer 
composite scaffolds. Polymers 2021 Mar 30;13(7):1105. 
https://doi.org/10.3390/polym13071105 

25.	 Hassan T, Huang X, Zhou C, Khan MS, Saeed S. Nanopar-
ticles in cancer treatment: A narrative review. Proc Pak 
Acad Sci B 2021;58(3):1-18. https://doi.org/10.53560/
PPASB(58-3)664 

26.	 Ilyas RA, Aisyah HA, Nordin AH, Ngadi N, Zuhri MY, Asyraf 
MR, et al. Natural Fiber reinforced chitosan, chitosan 
blends and their nanocomposites for various advanced 
applications. Polymers 2022 Feb 23;14(5):874. https://
doi.org/10.3390/polym14050874 

27.	 Calori IR, Braga G, De Jesus PD, Bi H, Tedesco AC. 
Polymer scaffolds as drug delivery systems. Eur Polym 
J 2020 Apr 15;129:109621. https://doi.org/10.1016/j.
eurpolymj.2020.109621 

28.	 Bharadwaz A, Jayasuriya AC. Recent trends in the ap-
plication of widely used natural and synthetic polymer 
nanocomposites in bone tissue regeneration. Mater Sci 
Eng 2020 May 1; 110:110698. https://doi.org/10.1016/j.
msec.2020.110698 

29.	 Saravanan M, Asmalash T, Gebrekidan A, Gebreegziabi-
her D, Araya T, Hilekiros H, et al. Nano-medicine as a newly 
emerging approach to combat human immunodeficiency 
virus (HIV). Pharm Nanotechnol 2018 Mar 1;6(1):17-27. 
https://doi.org/10.2174/2211738506666180209095710 

30.	 Shokrani H, Shokrani A, Jouyandeh M, Seidi F, Gholami 
F, Kar S, et al. Green polymer nanocomposites for skin 
tissue engineering. ACS Appl Bio Mater 2022;5(5):2107-
21 https://doi.org/10.1021/acsabm.2c00313 

31.	 Festas AJ, Ramos A, Davim JP. Medical devices biomateri-
als-A review. Proc Inst Mech Eng L P 2020 Jan;234(1):218-
28. https://doi.org/10.1177/1464420719882458 

32.	 Catoira MC, Fusaro L, Di Francesco D, Ramella M, Boc-
cafoschi F. Overview of natural hydrogels for regenerative 
medicine applications. J Mater Sci Mater Med 2019 
Oct 10;30(10):115. doi: 10.1007/s10856-019-6318-7. 
PMID: 31599365; PMCID: PMC6787111. https://doi.
org/10.1007/s10856-019-6318-7 

33.	 Zhang F, King MW. Biodegradable polymers as the piv-
otal player in the design of tissue engineering scaffolds. 
Adv Healthc Mater 2020 Jul;9(13):1901358. https://doi.
org/10.1002/adhm.201901358 

34.	 Yang Y, Chen Q, Lin J, Cai Z, Liao G, Wang K, et al. Re-
cent advances in polymer based microspheric systems 
for controlled protein and peptide delivery. Curr Med 

https://doi.org/10.1007/s10924-021-02052-2
https://doi.org/10.2174/0929867327666200408115817
https://doi.org/10.2174/0929867327666200408115817
https://doi.org/10.1039/B921616B
https://doi.org/10.1016/j.actbio.2010.12.029
https://doi.org/10.1016/j.biomaterials.2006.05.012
https://doi.org/10.1038/459045a
https://doi.org/10.35787/jimdc.v10i3.747
https://doi.org/10.1063/1.3656367
https://doi.org/10.1021/ja1027502
https://doi.org/10.3390/molecules26030619
https://doi.org/10.3390/molecules26030619
https://doi.org/10.3390/pr9010137
https://doi.org/10.3390/pr9010137
https://doi.org/10.1038/s41570-020-0163-6
https://doi.org/10.1038/s41570-020-0163-6
https://doi.org/10.1021/acsami.1c11679
https://doi.org/10.1021/acsami.1c11679
https://doi.org/10.1002/adma.202105063
https://doi.org/10.3390/polym12040905
https://doi.org/10.3390/polym12040905
https://doi.org/10.1007/s10924-020-01772-1
https://doi.org/10.1007/s10924-020-01772-1
https://doi.org/10.1016/j.ijbiomac.2018.07.154
https://doi.org/10.3390/molecules25071539
https://doi.org/10.1021/acs.chemrev.0c01177
https://doi.org/10.1002/term.2859
https://doi.org/10.1002/term.2859
https://doi.org/10.3390/nano8070457
https://doi.org/10.3390/nano8070457
https://doi.org/10.3390/polym13071105
https://doi.org/10.53560/PPASB(58-3)664
https://doi.org/10.53560/PPASB(58-3)664
https://doi.org/10.3390/polym14050874
https://doi.org/10.3390/polym14050874
https://doi.org/10.1016/j.eurpolymj.2020.109621
https://doi.org/10.1016/j.eurpolymj.2020.109621
https://doi.org/10.1016/j.msec.2020.110698
https://doi.org/10.1016/j.msec.2020.110698
https://doi.org/10.2174/2211738506666180209095710
https://doi.org/10.1021/acsabm.2c00313
https://doi.org/10.1177/1464420719882458
https://doi.org/10.1007/s10856-019-6318-7
https://doi.org/10.1007/s10856-019-6318-7
https://doi.org/10.1002/adhm.201901358
https://doi.org/10.1002/adhm.201901358


164

Taimoor Hassan, et al.

Gomal Journal of Medical Sciences July-September 2022, Vol. 20, No. 3

Copyright © 2022. Taimoor Hassan, et al. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution-NonCommercial 4.0 International License, which permits unre-
stricted use, distribution & reproduction in any medium provided that original work is cited properly.

AUTHORS’ CONTRIBUTIONAUTHORS’ CONTRIBUTION
The following authors have made substantial contributions to the manuscript as under: 

Conception or Design:		  TH, SS
Acquisition, Analysis or Interpretation of Data:	 TH, SS, AA, FA, YA, SK
Manuscript Writing & Approval:		  TH, SS, AA, FA, YA, SK
All the authors agree to be accountable for all aspects of the work in ensuring that questions related to 

the accuracy or integrity of any part of the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
None declared.

Chem 2019 Apr 1;26(13):2285-96. https://doi.org/10.2
174/0929867326666190409130207 

35.	 Takahashi H, Okano T. Thermally-triggered fabrication 
of cell sheets for tissue engineering and regenerative 
medicine. Adv Drug Deliv Rev 2019 Jan 1; 138:276-92. 
https://doi.org/10.1016/j.addr.2019.01.004 

36.	 Aisenbrey EA, Murphy WL. Synthetic alternatives to 
Matrigel. Nat Rev Mater 2020 Jul;5(7):539-51. https://
doi.org/10.1038/s41578-020-0199-8 

37.	 Foyt DA, Norman MD, Yu TT, Gentleman E. Exploit-
ing advanced hydrogel technologies to address key 
challenges in regenerative medicine. Adv Healthc 
Mater 2018 Apr;7(8):1700939. https://doi.org/10.1002/
adhm.201700939 

38.	 Teodorescu M, Bercea M, Morariu S. Biomaterials of 
PVA and PVP in medical and pharmaceutical appli-
cations: Perspectives and challenges. Biotechnol Adv 
2019 Jan 1;37(1):109-31. https://doi.org/10.1016/j.
biotechadv.2018.11.008 

39.	 Zhu JB, Watson EM, Tang J, Chen EY. A synthetic 
polymer system with repeatable chemical recyclability. 
Science 2018 Apr 27;360(6387):398-403. https://doi.
org/10.1126/science.aar5498 

40.	 El-Sayed A, Kamel M. Advanced applications of nan-
otechnology in veterinary medicine. Env Sci Pol Res 
2020 Jun;27(16):19073-86. https://doi.org/10.1007/
s11356-018-3913-y 

41.	 Ting JM, Porter III WW, Mecca JM, Bates FS, Reineke 
TM. Advances in polymer design for enhancing oral 
drug solubility and delivery. Bioconjug Chem 2018 Jan 
10;29(4):939-52. https://doi.org/10.1021/acs.biocon-
jchem.7b00646 

42.	 Pappalardo D, Mathisen T, Finne-Wistrand A. Biocom-
patibility of resorbable polymers: a historical perspective 
and framework for the future. Biomacromolecules 2019 
Mar 11;20(4):1465-77. https://doi.org/10.1021/acs.
biomac.9b00159 

43.	 Sung YK, Kim SW. Recent advances in polymeric drug 
delivery systems. Biomater Res 2020 Dec;24(1):1-2. 
https://doi.org/10.1186/s40824-020-00190-7 

44.	 Saylan Y, Akgönüllü S, Yavuz H, Ünal S, Denizli A. Mo-
lecularly imprinted polymer based sensors for medical 
applications. Sensors 2019 Mar 13;19(6):1279. https://
doi.org/10.3390/s19061279 

45.	 Piletsky S, Canfarotta F, Poma A, Bossi AM, Piletsky 
S. Molecularly Imprinted Polymers for Cell Recogni-
tion. Trends Biotechnol. 2020 Apr;38(4):368-387. doi: 
10.1016/j.tibtech.2019.10.002. Epub 2019 Oct 31. PMID: 
31677857. https://doi.org/10.1016/j.tibtech.2019.10.002 

46.	 Hassan ME, Bai J, Dou DQ. Biopolymers; definition, 
classification and applications. Egy J Chem 2019 Sep 
1;62(9):1725-37.  

47.	 Chen C, Ng DY, Weil T. Polymer bioconjugates: Modern 
design concepts toward precision hybrid materials. 
Prog Polym Sci 2020 Jun 1;105:101241. https://doi.
org/10.1016/j.progpolymsci.2020.101241 

48.	 Ludwig PE, Huff TJ, Zuniga JM. The potential role 
of bioengineering and three-dimensional printing 
in curing global corneal blindness. J Tissue Eng 
2018 Apr 11; 9:2041731418769863. https://doi.
org/10.1177/2041731418769863 

49.	 DeFrates K, Markiewicz T, Gallo P, Rack A, Weyhmiller A, 
Jarmusik B, et al. Protein polymer-based nanoparticles: 
Fabrication and medical applications. Int J Mole Sci 2018 
Jun 9;19(6):1717. https://doi.org/10.3390/ijms19061717 

50.	 Park KM, Shin YM, Kim K, Shin H. Tissue engineering and 
regenerative medicine 2017: a year in review. Tissue Eng 
Rev 2018 Oct 1;24(5):327-44. https://doi.org/10.1089/
ten.teb.2018.0027 

51.	 Mantha S, Pillai S, Khayambashi P, Upadhyay A, Zhang Y, 
Tao O, et al. Smart hydrogels in tissue engineering and re-
generative medicine. Materials 2019 Oct 12;12(20):3323. 
https://doi.org/10.3390/ma12203323 

52.	 Li C, Guo C, Fitzpatrick V, Ibrahim A, Zwierstra MJ, 
Hanna P, et al. Design of biodegradable, implantable 
devices towards clinical translation. Nat Rev Mater 
2020 Jan;5(1):61-81. https://doi.org/10.1038/s41578-
019-0150-z 

53.	 George A, Sanjay MR, Srisuk R, Parameswaranpillai 
J, Siengchin S. A comprehensive review on chemical 
properties and applications of biopolymers and their 
composites. Int J Biol Macromol 2020 Jul 1; 154:329-38. 
https://doi.org/10.1016/j.ijbiomac.2020.03.120  

54.	 Qu H, Fu H, Han Z, Sun Y. Biomaterials for bone tissue en-
gineering scaffolds: A review. RSC Adv 2019;9(45):26252-
62. https://doi.org/10.1039/C9RA05214C 

55.	 Jung K, Corrigan N, Wong EH, Boyer C. Bioactive syn-
thetic polymers. Adv Mater 2022 Jan;34(2):2105063. 
https://doi.org/10.1002/adma.202105063 

56.	 Huang J, Gan L. Sustainability in polymer sciences. 
Macromol Biosci 2022 Jun;22(6):2200191. https://doi.
org/10.1002/mabi.202200191 

57.	 Baranwal J, Barse B, Fais A, Delogu GL, Kumar A. Bio-
polymer: A sustainable material for food and medical 
applications. Polymers 2022 Feb 28;14(5):983. https://
doi.org/10.3390/polym14050983

https://doi.org/10.2174/0929867326666190409130207
https://doi.org/10.2174/0929867326666190409130207
https://doi.org/10.1016/j.addr.2019.01.004
https://doi.org/10.1038/s41578-020-0199-8
https://doi.org/10.1038/s41578-020-0199-8
https://doi.org/10.1002/adhm.201700939
https://doi.org/10.1002/adhm.201700939
https://doi.org/10.1016/j.biotechadv.2018.11.008
https://doi.org/10.1016/j.biotechadv.2018.11.008
https://doi.org/10.1126/science.aar5498
https://doi.org/10.1126/science.aar5498
https://doi.org/10.1007/s11356-018-3913-y
https://doi.org/10.1007/s11356-018-3913-y
https://doi.org/10.1021/acs.bioconjchem.7b00646
https://doi.org/10.1021/acs.bioconjchem.7b00646
https://doi.org/10.1021/acs.biomac.9b00159
https://doi.org/10.1021/acs.biomac.9b00159
https://doi.org/10.1186/s40824-020-00190-7
https://doi.org/10.3390/s19061279
https://doi.org/10.3390/s19061279
https://doi.org/10.1016/j.tibtech.2019.10.002
https://doi.org/10.1016/j.progpolymsci.2020.101241
https://doi.org/10.1016/j.progpolymsci.2020.101241
https://doi.org/10.1177/2041731418769863
https://doi.org/10.1177/2041731418769863
https://doi.org/10.3390/ijms19061717
https://doi.org/10.1089/ten.teb.2018.0027
https://doi.org/10.1089/ten.teb.2018.0027
https://doi.org/10.3390/ma12203323
https://doi.org/10.1038/s41578-019-0150-z
https://doi.org/10.1038/s41578-019-0150-z
https://doi.org/10.1016/j.ijbiomac.2020.03.120
https://doi.org/10.1039/C9RA05214C
https://doi.org/10.1002/adma.202105063
https://doi.org/10.1002/mabi.202200191
https://doi.org/10.1002/mabi.202200191
https://doi.org/10.3390/polym14050983
https://doi.org/10.3390/polym14050983

	_Hlk103694323

