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Men lag behind women in the
response to the HIV epidemic

Across nearly all regions, men living with HIV are less likely to access HIV services, less
likely to get tested, less likely to be virally suppressed, more likely to present with
advanced disease and consistently fare worse across the HIV testing and treatment
continuum.

People who were newly infected with HIV in 2022
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People who died from AIDS-related causes in 2022

0000000000 0000000000
0000000000 0000000000
:OO......Q 000

310'000 men 230'000 women

Progress towards the 95-95-95 targets

Global HIV data (2022)
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Pro-inflammatory cytokines MNon-motor symptoms:
toey e - Sleep distrbances
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episode of major depression. In addition, these people are
less successful in trying to quit smoking.

In addition to the known effects on the circulatory and
respiratory systems, smoking also affects brain process-
ing. The psychoactive content of tobacco has positive
acute effects on performance and attention. However,
working memory has been reported to be impaired after
smoking cessation. Some deprivation-induced deficits
can be reversed by nicotine.

Despite the acute positive effects of nicotine on cognition
in non-deprived smokers and never-smokers, compari-
sons indicate that smokers had poorer cognitive perfor-
mance than non-smokers.

Functional Magnetic Resonance Imaging (fMRI) studies
after nicotine administration show improved performance
associated with changes in activity in the anterior cingu-
late cortex and the superior frontal and parietal lobes in
smokers and non-smokers and increased activity in rest-
ing conditions in the cingulate cortex and frontal lobe.
Furthermore, fMRI studies assessing the effects of smok-
ing-related cues on neural activity in both deprived and
non-deprived smokers have identified the neural sub-
strates of craving mainly in the anterior cingulate cortex
(ACC), the prefrontal cortex (PFC), or the parietal cortex.
Not only nicotine but also other toxins are inhaled when
smoking. All these altered vascular and neural processes
may lead to associated changes in the brain if smoking is
done regularly over many years. In particular, the neuro-
toxicity of nicotine and the vascular changes after smok-
ing may alter the gray matter (M) and white matter (WM)
of the brain after chronic use.

Studies have shown that cigarette smoking is associated
with regional atrophies of the DLPFC, the DMPFC, the VLP-
FC, and the ventromedial PFC. In addition, GM volumes of
the ACC, the inferior temporal gyrus, the insula, and the
olfactory gyrus were lower in smokers. Moreover, smok-
ing is associated with regional atrophy of the DLPFC, the
DMPFC, the VLPFC, and the ventral PFC. In addition, the
GM volume of ACC, the inferior temporal gyrus, the olfac-
tory gyrus, and the insula were smaller in smokers.

As shown in neuroimaging studies, nicotine- and cue-in-
duced prefrontal activation may partially explain the
atrophy observed through repeated stimulation during
cigarette smoking. Persistent stimulation, for example in
chronic pain syndromes, has been shown to be associat-
ed with lower GM thalamus and frontal lobe volume. How-
ever, a direct causal relationship between repeated func-
tional stimulation and GM maladaptive loss has yet to be
demonstrated.

In addition, the insula appears to play a general role in
nicotine addiction and the experience of craving, among
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others. It was found that smokers with brain lesions in the
insula were more likely to experience smoking depend-
ence disorder compared to smokers with lesions in brain
regions other than the insula, suggesting that the insula
plays a general role in conscious motivation.

Studies have shown that in current smokers, smoking was
significantly associated with reduced gray matter volume
in the prefrontal cortex, anterior cingulate cortex, insula,
and olfactory gyrus. White matter volume is not signifi-
cantly reduced in current smokers.

Also, differences in brain volume in the olfactory gyrus
have been detected. Other brain regions did not show sig-
nificant differences when correcting for multiple compar-
isons across the whole brain. Areas of structural defects
may be involved in addictive behavior and withdrawal
symptoms, while further research should reveal whether
the observed atrophies are caused by smoking itself or
whether there are preexisting differences between smok-
ers and non-smokers. These findings suggest that struc-
tural and functional brain changes may hold significant
promise as predictors of smoking cessation outcomes.
Because different people have different brain circuits
wired differently, they may also have different therapeutic
responses to different types of withdrawal methods.

The findings suggest that to prevent the long-term devel-
opment of disability, patients should be given advice and
assistance to quit smoking shortly after diagnosis.
Studies have determined that chronic smokers have
significant and robust brain GM changes compared to
non-smokers. However, longitudinal studies should be
conducted in the future to investigate whether these
brain regions can be used as potential neurotherapeutic
targets for nicotine dependence.

Nicotine

Placebo
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Acute administration of nicotine, the addictive compo-
nent in tobacco, has been shown to temporarily enhance
cognitive function and increase neural efficiency in hu-
mans. In Western countries, tobacco is used regularly by
about 22% of the population, and men smoke more than
women. Tobacco addiction is the single most common
addiction disorder. Especially among psychiatric inpa-
tients and outpatients, the prevalence of smoking (58.9%)
is much higher. Dependence on smoking is often charac-
terized by strong cravings, increased tolerance to the
substance, and withdrawal symptoms after smoking ces-
sation. Reported nicotine withdrawal symptoms include
depressed mood, irritability, insomnia, anxiety, restless-
ness, difficulty concentrating, decreased heart rate, and
increased appetite.

Smoking is the leading cause of preventable death world-
wide. This is associated with an increased risk of psychi-
atric illnesses such as major depressive disorder and al-
coholuse disorder. Smoking is also associated with slower
processing speed, poorer general cognitive ability, poorer
decision-making, and increased impulsivity. In addition, it
is associated with an increased risk of cognitive decline
and dementia, especially in the elderly. Globally, an esti-
mated 14% of Alzheimer’s disease cases can be attribut-
ed to smoking, representing a significant modifiable risk
factor. The link between smoking and Alzheimer’s may oc-
cur through the effects of smoking on brain tissue, as gray
and white matter degeneration is a hallmark of Alzheim-
er's and other forms of dementia. Smoking exerts multiple
harmful effects through oxidative stress, inflammation,
and atherosclerotic processes that can lead to brain
atrophy, and studies show that smoking can accelerate
brain aging.

However, there is enough evidence to support that chron-
ic tobacco smoking is associated with side effects on
pulmonary, cardiac, and vascular functions as well as
on the central nervous system, causing serious general
health problems. tobacco smoke contains many toxic
compounds such as free radicals, carbon monoxide, and
nitrosamines that may affect neuronal function and in-
tegrity directly or indirectly, and therefore, it may cause
long-term neurological dysfunction.

A growing body of literature has demonstrated this
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chronicity smoking is associated with poorer neurocog-

nitive cognition the result is associated with a high risk of
dementia as well as psychiatric disorders. Evidence from
neuroimaging research including Voxel-based morphom-
etry (VBM) has shown that chronic smoking is associated
with brain functional, structural, and neurochemical ab-
normalities.

Research on the link between smoking and gray and white
matter is emerging. Regarding research on smoking and
gray matter, a meta-analysis of 761 smokers found that
smoking was associated with reduced volume in the left
insula, right cerebellum, left parahippocampus, medi-
al thalamus, and several prefrontal cortex regions. A re-
cent study found that more pack years were associated
with reduced total gray matter volume and reduced vol-
ume in the thalamus, basal ganglia, hippocampus, and
several cortical regions. Studies based on FA(anisotropy
(FA), a measure of the general direction of water diffusion
that reflects fiber density, axon diameter, and myelina-
tion) have generally shown a decrease in FA in smokers,
although there have been exceptions. In addition, peo-
ple who smoke have more white matter lesions. Although
confounding variables such as alcohol consumption, age,
gender, and cardiovascular diseases affect the accuracy
of the obtained results. Researchers believe that smoking
can significantly affect the amount and volume of gray
and white matter.

Smokers with a history of depression experience more
severe withdrawal symptoms when quitting smoking than
smokers without a history of depression and are more vul-
nerable to arecurrence of depressive symptoms or a new



and then converts it into digital information
that can be read and accessed whenever
needed. Once your biometric information
is stored, you don’t need to carry anything
else with you for your identity check such as
a key tag a smart key, or an ID card. Biome-
trics is much more successful and foolproof
as a form of identification than the other
methods as cards and keys which can get
lost, misplaced, or most importantly, tam-
pered with.

Numerous advantages exist in using tongue
print over other biometric systems such as
fingerprint, voice check, and retinal scan.
The tongue is unique to every person with
respect to its shape and surface textures.
Since it is an internal organ, it can be easi-
ly exposed for inspection and the exposed
surface carries the required information.
The physiological texture and shape remain
constant. It is well protected from the ex-
ternal environment, and so it is not affect-
ed by external factors. It is also a reliable
proof of life. In recent years, tongue print is
gaining momentum as an important tool in
biometric authentication.

ﬁhe differencesbetween
males and females:

It has been observed that the scrotal
tongue and geographic tongue were char-
acteristic of female patients. Patients with
sharp tips at the lingual apex were females
and males had septate tips according to a
study. The length and width of the tongue
differed between males and females, with
males having anincreased length and width
compared to females. In histological ex-
amination, it has been observed that there
is a significant difference in the orientation
of the muscle fibers of the tongue among
men and women. This difference is charac-
teristic in the middle region of the tongue.
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(ll_interesting facts about the

tongue:

1) Itis made up of eight muscles: The tongue
is not the strongest muscle in the body, but
it is one of the most flexible. That is why it is
possible to use it all day long without it ever
becoming fatigued.

2) Tongues are four inches long on average:
The average person’s tongue is about four
inches long from the inside to the tip. The
longest tongue ever measured is about
twice that size.

3) The color of aperson’s tongue tells a sto-
ry: The color of a person’s tongue can be an
indication of a serious healthissue. It is pink
when healthy, but allergies and infections
can change its color to red.

4)Those bumps on your tongue are not
taste buds: The small pink and white bumps
on a person’s tongue are not taste buds like
many people seem to think. These are called
papillae and they house the taste buds,
which cannot be seen by the naked eye.

rC_>onclusicm:

The tongue is a unique organ exhibiting
many static and dynamic characteristics
which differ considerably between individ-
uals. The use of tongue prints as a biom-
etric authentication tool has been under
research, and studies have found it to be
beneficial and comparable to other biom-
etric tools. Research on the potential of
tongue prints as a forensic toolis warranted.
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rI;oes EachPerson>s Tongue
Printis Unique?

Allfingerprints are unique and we know that.
But do you know that if you take animpres-
sion of your tongue, that print too will show
unique identifying marks different from an-
yone else’s in the world? Yes, scientists have
discovered that tongue prints are unique
just like fingerprints. that means this could
effectively be used for identity verification
purposes in the future.

(Whatdo you know about
the tongue?

The tongue is a vital organ, and its vitality
is described in Traditional Chinese Med-
icine (TCM) as the “Tongue of life” where
the tongue has a vital color. In contrast,
the “Tongue of death” in TCM is termed so
due to its dark and withered appearance.
Its uniqueness is further showcased by the
fact that since it is an internal organ, it is
proof of life that is whether the person is
alive or dead. Only when a person is alive
can they protrude the tongue for examina-
tion purposes. Many times, death occurs
when the tongue falls back to obstruct the
airway, especially in cases of sleep apnea.
The tongue like any other organ has its
share of skeletal muscles, blood vessels,
and nerve supply. In addition, it is bestowed
with papillae and taste buds

[

(Howare tongue prints
taken and evaluated?

Your unique tongue features are record-
ed using a ‘tongue image-acquiring de-
vice’, which is a high-tech digital camera.
This data is subsequently processed using
tongue diagnostic software which can re-
produce the smallest details of the organ
in varied bright colors.

(A solid candidate for
biometrics:

There are a few things that make the
tongue such a good candidate for identi-
fication. First off all, every tongue is differ-
ent in terms of certain aspects like shape
and texture. Also, it is the only organ actu-
ally housed inside the body (the mouth, to
be more specific), but it can easily be stuck
out for inspection. Other forms of identi-
fication involve eyes or fingerprints, which
are already exposed, whereas the tongue
is well concealed and cannot be inspected
without the subject knowing about it.

A biometric-scanning device like the one
you must have experienced while getting
your passport made takes data about your
physical (sometimes behavioral) features



functional characteristics with macrophages,
and are essential to the brain’s immune and in-
fammatory response

This plaque is a type of protein that is associ-
ated with cell death, and cognitive decline in
people with Alzheimer’s. The study provides im-
portant insight into how oral bacteria makes its
way to the brain, and the role of neuroinflam-
mation in Alzheimer’s disease.

“We knew from one of our previous studies that
inflammation associated with gum disease ac-
tivates an inflammatory response in the brain,”
said Dr. Alpdogan Kantarci, senior author of the
study. “In this study, we were asking the ques-
tion, can oral bacteria cause a change in the
brain cells?”

The microglial cells the researchers studied
are a type of white blood cell responsible for
digesting amyloid plaque. Forsyth scientists
found that when exposed to oral bacteria the
microglial cells became overstimulated and
ate too much. “They basically became obese”
Dr. Kantarci said. “They no longer could digest
plagque formations.”

The finding is significant for showing the impact
of gum disease on systemic health. Gum dis-
ease causes lesions to develop between the
gums and teeth. The area of this lesion is the
size of your palm. Dr. Kantarci explained, “It’'s
an open wound that allows the bacteria in your
mouth to enter your bloodstream and circulate
to other parts of your body.” These bacteria
can pass through the blood/brain barrier and
stimulate the microglial cells in your brain.
Using mouse oral bacteria to cause gum dis-
ease in lab mice, the scientists were able to
track periodontal disease progression in mice
and confirm that the bacteria had traveled to
the brain.

This study is the first time that scientists
caused periodontal disease with mouse-spe-
cific bacteria and could study the effects of
same-species oral microbiome on the brain.
Having same-species bacteria and cells brings
the test closer to replicating what the process
looks like in humans.
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Microglial cells are critical for the neuroinfam-
matory process within the brain. In neurodegen-
erative diseases, where neuroinfammation is a
part of the pathogenesis, such as AD, microglial
cells become chronically activated, releasing
pro-infammatory cytokines and displaying ab-
normal phagocytic capacity of proteins, such
as AP peptides, resulting in further microglial
activation

Microbial components can trigger microglial
activation and initiote the neuroinfammatory
process. Recent studies have suggested that
oral microbes and/ or their virulence factors
may participate in this process, thus mechanis-
tically linking oralhealth status with neuroinfam-
mation risk. Periodontitis-associated micro-
organisms have been found in the brains of AD
patients; however, a direct interaction between
putative periodontal pathogens, their virulence
factors, and microglia remains unknown.

The research conducted by the Forsyth Insti-
tute and Boston University has significantly ad-
vanced our understanding of the link between
gum disease and Alzheimer’s. The study demon-
strates how oralbacteria canimpact brain cells
and contribute to neuroinflaormmation, poten-
tially affecting cognitive health. It reinforces
the importance of maintaining good oral health
as a measure to prevent not only oral diseas-
es but also serious systemic conditions like
Alzheimer’s disease. As the medical communi-

ty continues to explore these connections, the
study’s findings offer hope for the development
of targeted strategies and treatments to mit-
igate the risk of neurodegenerative disorders
and promote healthier brain aging.
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Alzheimer’s disease, a progressive neurode-
generative disorder, has become a formida-
ble public health challenge in recent decades.
As the global population ages, the burden of
Alzheimer’s continues to rise, posing signifi-
cant emotional, societal, and economic im-
plications. While extensive research has been
dedicated to understanding the multifacet-
ed factors that contribute to this devastating
disease, a growing body of evidence suggests
a surprising potential link between oral health
and Alzheimer’s. In particular, dental plaque,
often associated with periodontal disease and
tooth decay, has emerged as a topic of inter-
est in the exploration of factors that may influ-
ence Alzheimer’s disease.

Recent research has illuminated the intricate
relationship between oral health and systemic
well-being, revealing that the mouth servesasa
window to one’s overall health. Among the var-
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ious oral health indicators, dental plaque has
garnered attention due to its potential to har-
bor pathogenic microorganisms and inflamma-
tory mediators that may find their way into the
bloodstream and, subsequently, the brain.
Now, new research from the Forsyth Institute
shows a link between periodontal (gum) dis-
ease and the formation of amyloid plaque, a
hallmark of Alzheimer’s disease

In their paper, “Microglial cell response to ex-
perimental periodontal disease,” Forsyth sci-
entists and their collaborators at Boston Uni-
versity demonstrate that gum disease can
lead to changes in brain cells called microglial
cells, Chronic neuroinfammation is crucial in
the pathophysiology of various neurodegen-
erative diseases, including Alzheimer’s Disease
(AD) .Microglia are the resident mononuclear
phagocyte population within the central nerv-
ous system (CNS), sharing phenotypical and



HepG2 hepatoma cells, and NIH/3T3 fibroblasts to create a 3D
structure via cell origami self-folding. CTF-developed 3D micro-
structures for drug release systems are shown. Multiple cell kinds
and intricate cell-laden topologies may be crucial for 4DBP tech-
nology in the future.

Thermo-responsive biomaterials change bioprinted structures
with temperature. These materials deform via shape memory.
Biocompatibility makes poly (N-isopropylacrylamide) (pNIPA-
M)-derived polymers the most prevalent thermo-responsive ma-
terials for 4DBP. This technique produces cell-laden bilayer struc-
tures that fold or unfold when temperature changes. Hendrikson
et al. developed a thermo-responsive polyurethane (PU)-based
SMP scaffold that changed shape at 32 °C during cell culture. Af-
ter shape recovery, cells elongated, affecting scaffold cell mor-
phologies.

Conductive polymer-based hydrogels including polythiophene,
polyaniline (PANI), and polypyrrole bioinks can shrink, fold, or swell
inresponse to electric stimuli. Variable electric field direction and
strength modify these materials’ mechanical characteristics.
Due to their printability and biocompatibility, conductive poly-
mer- and CNT-based hydrogels offer great 4DBP potential .Yang
et al. used electric-aided cross-linking to create cell-laden gela-
tin methacryloyl (GelMA)-based microfibrils. also shows 4D-con-
ceptualized Gel film swelling and folding. C2C12-laden GelMA fib-
ers can be used for skeletal muscle tissue.

Infrared, ultraviolet, and near-infrared light stimulations activate
light-responsive biomaterials, which are used in TE and drug de-
livery systems. Photo-responsive materials create 4DPed struc-
tures by photodegrading and photoisomerizing polymeric chains.
Wei et al.used photo cross-linking to create PLA-based tubular
architecture. Luo et al. developed cell-laden constructions that
changed shape following NIR stimuli using GelMA/alginate-based
and PDA/alginate bioinks. Two weeks of cultivation showed great
vitality for printed cell constructions. Thus, photo-sensitive bio-
inks may resemble native ECM in dynamic microenvironments.
Bioactive SMPs are not magnetic field-sensitive, therefore CNTs,
MNPs, and NPs improve 4DPed product magnetic field interac-
tion. On magnetic field stimulation, these magneto-responsive
particles heat 4ADPed SMPs and can be used to make bioink for TE
. Fe304-based MNPs were added to PLA-based SMPs to create
soft TE tracheal scaffolds that activated following organ inser-
tion. It can reduce large-invasive surgery. PLA-based SMP is bi-
odegradable, therefore scaffolds do not need surgical removal.
The swelling of humidity-responsive biomaterials is fascinating
and could help build 4DPed biomedical materials. These scaf-
folds inflate spatially and temporally due to water absorption.
Water-responsive poly (ethylene glycol) (PEG)-based hydrogel is
widely used for 4DBP because it provides cell-laden structures
through a straightforward transition mechanism. Water-sensi-
tive materials’ deformation mechanisms should be modified for
high-quality cell-laden printed configurations.

TE and medication delivery systems use acoustic-sensitive ma-

terials widely. These materials use sonic patterning to quickly,
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contactless, and precisely create site-controlled cell architec-

tures. Bouyer et al. levitated neuro-progenitors using sonic forc-
es to create multi-layered 3D tissue constructions. The results
suggested using acoustic-sensitive hydrogels to create 4DPed
tissue constructions for TE. Alginate-based acoustic-sensitive
materials have shown promising results in the literature and may
be usedin 4DBP technology.

pH-responsive materials/hydrogels use phosphate, carboxyl,
sulfonic, and pyridine groups to take or give protons and form
self-folding structures. Better pH control and human physiolog-
ical significance have led to considerable evaluation of these
materials. Nadgorny et al. created poly (2-vinyl pyridine)-based
3DPed pH-sensitive structures with good dynamic and reversible
swelling deformation. These hydrogels can change pH-controlled
flow rate. Chitosan (CS)/poly (ethylene oxide) (PEO) hydrogels,
PEO/gelatin, alginate, and alginate/CS are pH-sensitive materi-
als that could be used for 4DBP. Some materials use cross-link-
ing with multivalent ions like Zn+2 and Ca+2 to create scaffolds
with tailored mechanical properties and strength. lon-responsive
hydrogels, especially ion-triggered alginate hydrogel, have great
scaffold 4DBP potential. Alginates creates biomedicalion-sensi-
tive hydrogels using electrostatic cross-linking.

Hydrogels that respond to glucose and enzymes are biologically
sensitive. Many enzymes in the body activate enzyme-sensitive
hydrogels. They reduce cell damage and physiological toxicity,
making them more appealing to 4DBP than other stimuli-sensi-
tive hydrogels HA-based hydrogels that were responsive to ma-
trix metallopeptidases that degrade ECMs showed tailorable
swelling and disintegration.

Due to physiological problems, 4DBP technology is difficult to use
to make functional organs or tissues. Humoral, self-, and cerebral
stimulations affect cellular activity. Multi-responsive hydrogels/
materials can solve these issues. Miao et al. created a neural
structure with seamless integration, self-enturbulation, chemical
cues, and physical guidance utilizing multi-sensitive graphene-
based hydrogel. This method and bone tissue engineering (BTE)
may enable bone and nerve regeneration. Multi-stimuli actua-
tions generally stimulate water, which improves shape change

control.
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Charles Hull implemented additive manufacturing (AM) or 3D
printing in 1986. Since its founding, it has transformed the globe
with precise and detailed things. This technology is used in en-
ergy, automotive, construction, aviation, food, soft robotics,
and healthcare. Geometric complexity, rapid prototyping, cost
savings, health improvement, and environmental sustainability
are benefits of this technology. This method processes met-
als, ceramics, alloys, and composites layer-by-layer to create
3D items. In the previous decade, innovative 3DP technique has
captivated biomedical sector and been widely used in TE, phar-
maceutical, and regenerative medicine.

Tissue photos from digital imaging technologies like MRI or
CT are used to create computer-aided design (CAD) files for
3D-printed (3DPed) patient-specific tissue constructions. SLA,
FFF, SLM, DIW/3D plotting, SLS, extrusion-based bioprinting, DLP,
powder-based printing, and JP are 3DP technologies. Selecting
bioactive printing materials and 3DP technology based on their
properties produces functional tissue constructions with excep-
tional biomechanical performance.

3D bioprinting (3DBP) uses layer-by-layer/incremental stacking
of bioactive materials and live cells to create bioengineered de-
signs that mirror native tissues. Bioprinting efficiently and spa-
tiotemporally deposits hormones, cells, differentiation factors,
and medicines, improving tissue transplantation .3DBP technolo-
gy is more complex than 3DP in terms of cell responsiveness, cell
kinds, growth factors, and material selection. 3DBP technology
loads cells and creates 3DPed tissue constructions with rele-
vant properties. However, 3DBP-engineered tissues are static
and stiff, unlike live tissues, and don’t change shape over time,
limiting their usage in dynamic environments. Additionally, 3DPed
tissue structures lack microenvironment biological triggering. In-
sufficient tissue development and maturation limit 3DPed tissue
constructions’ practical uses. Cell coating and self-organization
are needed post-printing to mature 3DPed tissue. Four-dimen-
sional (4D) printing, specifically 4D bioprinting (4DBP), can solve
TE problems. 4D printing (4DP), a 2013 innovation, promotes dy-
namic behavior in 3DPed parts to integrate life. Product shape
and material qualities change with 4DP technology. shape
memory materials (SMMs)/intelligent materials such liquid crys-
tal elastomers (LCEs), shape memory polymers (SMPs), shape
memory hydrogels (SMHs), shape memory alloys (SMAs), and
shape memory polymer composites (SMPCs) have these Smart
materials like polymeric hydrogels seeded with cells are used in
bioprinting to create biomedical products. Light, bioenzymes,
voltage, temperature, magnetic, pH, and other external stim-
uli cause dynamic behavior. Compact cellular ensembles and
extracellular matrices (ECMs) make up living tissues. ECM is es-
sential to cells and forms a complex 3D network. These 3DP-pro-
grammed materials changed sizes, forms, and hues in response
to external stimuli. FDM, SLA, DLP, DIW, and ||P are used in 4DBP as

Nima Daneshvar
Dentistry student
September 2021

well as 3DBP. These methods use self-developed and commercial
materials that are printer-friendly. Further, 4DBP technology will
expand potential in TE, regenerative medicine, cancer research,
biomedical devices, and drug delivery systems.

4DBP technology has great potential in biological applications,
notably TE. Most reviews focus on 3DP of polymeric materials, al-
though 4DBP technology for tissue constructs is still developing
and needs attention for practical applications. This paper de-
scribes 4DBP technology’s existing and future problems for soft
and hard tissue structures.

SRMs/SMs are popular in AM technology. These materials can

change structure and characteristics with chemical, biological,
and physical inputs. Cell traction forces (CTFs) or environmental
changes were used to create dynamic 3DPed scaffolds for bone,
heart, and cartilage regeneration and biomedical devices. Differ-
ent stimuli are used to build tissue constructions using 4DP tech-
nology.

Cell traction force: Actomyosin interactions and actin polym-
erization on the ECM or attached substrate cause cell traction.
CTFs help with angiogenesis, wound healing, inflammation, me-
tastasis, and embryogenesis. These pressures communicate with
neighboring cells, remodel ECM, maintain cell shape, and control
tissue movement. CTF technology can be used to produce 4DPed
cell origami, which uses folding to change cells from 2D elements

to pre-defined 3D constructions. He et al. used alginate layer,
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