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Preface

The ever-changing dynamics of modern healthcare call for a unified,
collaborative approach to patient management-one that transcends traditional
boundaries between medical disciplines. In today’s complex clinical
environment, no single profession can fully address the multifaceted needs
of patients alone. Instead, the emphasis is shifting toward interdisciplinary
models that integrate diverse healthcare expertise for more efficient, holistic,
and patient-centered outcomes.

"Interdisciplinary Approaches in Modern Healthcare Delivery" has been
conceived in response to this evolution. It brings together key domains of
allied health-Optometry, Medical Laboratory Technology (BMLT), and
Physiotherapy-each of which plays a vital and complementary role in
diagnosis, treatment planning, and rehabilitation. This book aims to serve as
a practical and conceptual bridge for students, educators, and healthcare
practitioners eager to understand how these fields intersect and collaborate in
real-world settings.

Each chapter has been crafted to highlight the unique contributions of
the respective disciplines while illustrating their synergy through clinical
scenarios, integrated care models, and interprofessional teamwork. From
visual diagnostics and laboratory interpretation to therapeutic interventions,
this text offers a unified framework for appreciating the full scope of
interdisciplinary healthcare.

Our intent is not only to inform but also to inspire a shift in mindset-
from working in silos to working together. By promoting shared knowledge
and mutual respect among allied health professionals, we hope to contribute
to a future where collaborative practice is the norm, not the exception.

May this book serve as both a foundation and a catalyst-encouraging
you to look beyond your specialty and toward a more cohesive, patient-
focused vision of healthcare.
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Chapter -1

COVID 19 Diagnosis Using Photonics: A Hypothesis

Rajen Dey and Manojit Bysack

Abstract

In addition to destroying several countries and overtaxing healthcare
systems, COVID-19 has also resulted in the loss of livelihoods owing to
extended shutdowns and further impacted the world economy. Despite
having a 2-7 day incubation period, 40-45% of COVID-19 infections either
exhibit no symptoms at all or mild to moderate respiratory symptoms after
the period because of subclinical lung abnormalities, which increases the risk
of the pandemic disease spreading. Faster, more accurate and more
accessible on-site diagnosis technigues are needed to limit the virus's spread.
Currently, the main techniques for detecting the presence of COVID-19
viruses are Polymerase Chain Reaction and Rapid Antigen Detection tests.
Usually, these tests take a lot of time, are inaccurate, and-above all-are not
accessible to everyone. Therefore, based on this research and hypothesis, we
suggested devices that use photonics' characteristics to enhance COVID-19
viral detection by utilizing the coronavirus's propensity to bind to ACE2
receptors. Fluorescence Resonance Energy Transfer (FRET) and Surface-
Enhanced Raman Scattering (SERS) would be combined in this potential
concept to offer increased accessibility, high sensitivity, and flexibility.

Keywords: COVID-19, coronavirus, ACEZ2, virus detection, photonics
Introduction

As seen by the growing number of COVID-19 cases, the abrupt
outbreak and quick spread of the highly contagious viral disease brought on
by the novel severe acute respiratory syndrome coronavirus 2 (SARS-COV-
2) have turned into a global menace. The World Health Organization reports
6,596,542 deaths and 633,601,048 confirmed cases as of November 18,
2022. Since being deemed a global pandemic, COVID-19 has devastated
numerous nations and overburdened healthcare systems, leading to the loss
of livelihoods as a result of extended shutdowns and further causing a ripple
impact on the international economy [, With an incubation period of 2-7
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days, 40-45% of COVID-19 infections are either asymptomatic or show mild
to moderate respiratory symptoms after the incubation period because of
subclinical lung abnormalities. This makes the virus primarily contagious
and raises the possibility of silent and widespread pandemic disease
transmission 4, Limiting the ongoing spread of COVID-19 viruses has
become a growing global concern, despite the fact that clinical research has
improved our understanding of these viruses. A fifth or sixth wave of
outbreaks of this virus is currently occurring in many countries, primarily as
a result of the introduction of mutant versions ™. Faster, more accurate, and
easily accessible on-site diagnosis methods are fundamentally required to
limit the virus's spread.

Common methods for detecting COVID-19

Rapid Antigen Detection assays (RADTs) and Polymerase Chain
Reaction (PCR) assays are currently the primary methods used to diagnose
the presence of COVID-19 viruses; however, PCR takes a long time-24 to 72
hours. Although the home-based self-testing technique and the ability to
acquire findings in 15 minutes are benefits of the RADTS, they are typically
not particularly precise, only beneficial during the active viral infection
stage, and-most importantly-not available to everyone. According to
research, RADTSs capture the viral antigen by attaching certain labeled
antibodies to a nitrocellulose matrix strip M. Using a particular reader, the
antigen-antibody interaction can be visually identified by the emergence of a
line on the matrix strip or by fluorescence ™. Although the findings can be
received in 15 minutes, they may be falsely positive or negative when the
viral loads are too low to detect and miss many asymptotic instances [> €. By
amplifying tagged DNA or RNA sequences with only a few copies of a
virus, the PCR test, in contrast to RADTS, may reliably produce the results
[, However, for those that need reliable and timely results, the analysis time
is very lengthy. Furthermore, only specific locations can perform the PCR
procedure, making it unavailable to the general public. This limits
accessibility and may contribute to the virus's propagation. As a result, we
must create more efficient techniques for quickly identifying COVID-19. In
order to evaluate the general public, these methods must be implemented in a
way that guarantees greater accuracy, flexibility and service efficiency, and
wide availability.

New methods for photonics detection

By looking at the characteristics and traits of the viruses, photonics
techniques provide a new method of detecting the presence of COVID-19
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that differs from conventional RADTs or PCR. The creation, detection, and
manipulation of photons through emission, absorption, reflection, and re-
emission constitute the physical science and application of photonics [ °I,
Numerous disciplines, such as microscopy, laser spectrum, UV-Vis
spectroscopy, flame atomic absorption spectroscopy, and more, have used
photonics techniques to identify various chemicals ®, To address the
potential of a worldwide pandemic, optical engineering has conducted
numerous experiments with photonic systems. Photonics detection appears
to be more effective than conventional techniques for quickly diagnosing
viruses and illnesses due to its accuracy and speed 114,

Since optical devices and photonics can visualize viruses, they are
beginning to be used in the study of virology as they become essential
components in a variety of fields, including analytical chemistry,
biotechnology, medical research, and aerospace > 61, Due to the benefits of
photonic sensors, photonics offers effective methods for viral detection. In
particular, the laser's characteristics (high sensitivity, low cost, and low
power consumption) allow it to classify and identify viruses based on
wavelength emissions, such as a spectrum signature. Furthermore, various
experimental groups are investigating various photonics-based sensors,
including visible-light laser diodes, narrowband optical filters, infrared
analytics arrays, surface plasmonic resonance (SPR), surface-enhanced
Raman scattering (SERS), fluorescence, and other laser techniques, to
address many of the biological field's problems [518 Because of its
extremely high sensitivity and pattern recognition capabilities, SERS is a
strong instrument for the detection of a wide range of analytes; nonetheless,
it is mostly employed for the identification of biomolecules, including
bacteria, cancer cells, and cellular processes 19,

Prototype photonics system for COVID-19 and virus detection

The discipline of photonics has evolved toward several innovations and
improvements over the past few decades due to theoretical research and
experimental laboratory work on investigating various lasers (i.e., erbium-
doped fiber amplifiers). A new technique for analyzing nanosized viruses
has been previously described using a semiconductor laser 2% with the help
of a flow cytometer with increased light scatter sensitivity. However, it has
limitations in terms of its availability in general health centers worldwide
(i.e., in developing and remote areas). Therefore, we suggest developing
devices that utilize photonics' characteristics to enhance COVID-19 viral
detection with great accessibility and precision.
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This hypothetical prototype would include thousands of ACE2 receptors
coated with fluorophores on their surface, arranged in many columns within
a cuboidal container (note: the receptors can be coated on a slide/biofilm,
which would be replaced after every use). To guarantee that all of the
sensors receive a specific amount of light, the light source would be placed
close to either of the column's ends. By adjusting the mode, it would also be
possible to generate light with different wavelengths, or colors. One might
use the other end of the columns to collect air blasted out of the nose or to
blow air into it. The virus would bind and interact with the reflected light as
a result of the contact between the virus particles and the surface. The
prototype's dimensions are intended to optimize efficiency and reduce spatial
consumption. The column containing the receptors is 7 centimeters long and
0.3 cm wide, with less than 0.1 centimeters separating each column. The
overall width of the apparatus may be approximately 3 centimeters. In
addition to the actual prototype, the material being utilized is also very
important, particularly for photonics devices, in order to maximize light
reflection and prevent interference. According to a number of studies, the
polished silver surface appears to be superior to the gold surface because it
has a high reflectivity throughout the visible spectrum without refracting
light. To increase efficacy, other non-porous surfaces can be employed. On
porous surfaces, studies show that living viruses cannot be found for minutes
to hours; on non-porous surfaces, they can be discovered for days to weeks.
This implies that less expensive non-porous materials like glass, plastic, and
stainless steel can be used in place of cheap silver surfaces Bl. According to
research, plastic is marginally superior to stainless steel among these options
¢l and given its other qualities, plastic may be the best material to use for
surface construction.

Surface-Enhanced Raman Scattering (SERS) and Fluorescence
Resonance Energy Transfer (FRET) are combined to provide high sensitivity
and significant flexibility in a hypothetical COVID-19 detection device.
FRET is a physical phenomenon that depends on distance and uses dipole-
dipole coupling to transfer energy from an excited fluorescence to another
unexcited fluorophore %, In the event that FRET takes place, the acceptor
signal will rise and become excited upon absorbing the energy transferred
from the donor, while the donor will be quenched and relaxed back to the
unexcited state 24, Because FRET is highly sensitive to distance, an
interaction between two molecules (i.e., proteins) fused with a donor
(cyanofluorescence protein) and an acceptor (yellow fluorescence protein)
would allow the acceptor to receive the energy transfer from the donor and
produce fluorescence. If there is no molecular interaction or if the donor and
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acceptor are too far apart, the energy transfer fails. Therefore, the sensitivity
and accuracy of our hypothetical photonic device to detect coronavirus are
increased by combining the SERS and FRET. An antibody that is specific to
the SARS-COV-2 spike antigens will be applied to the binding surface of
COVID-19 viruses 4, Since 550 nm (green) excites more fluorophores than
other wavelengths and is the most widely used for commercial purposes, it
works best at this wavelength. In the absence of SARS-COV-2 spike
antigens, the fluorescence light reflected will emit a color of ACE2 receptors
in the designated wavelength, which is determined to be between 475 and
650 nm. On the other hand, when SARS-COV-2 spike antigens attach to
ACE?2 receptors, the fluorescence light that is released is reemitted by ACE2
and then absorbed by the SARS-COV-2 spike antigens. This results in the
emission of a different color at a different wavelength, which is now
invisible because it is not at the right wavelength. By using this method, the
presence of COVID-19 particles may be identified simply by looking at the
color of the light whenever the switch is switched on. Because the color of
the lights will change instantly when the SARS-COV-2 spike antigens bind
to ACEZ2 receptors, this technique makes the detection of COVID-19 viruses
fast (i.e., it may produce results in as little as 30 to 60 seconds), accurate
(i.e., 95 to 99%), adaptable, and accessible. It also eliminates the possibility
of false positives or negatives (i.e., the accuracy in detecting the lowest viral
load should be determined before it is widely used to remove any uncertainty
for false negatives), and the equipment is inexpensive and readily available
in daily life.

Conclusion

With over 630 million cases and over 6.5 million deaths, the global
COVID-19 pandemic has overwhelmed healthcare institutions and caused
economic collapse on a global scale. The death rate has dramatically dropped
despite the introduction of preventive and treatment measures, but the
number of infectious cases has started to climb once more. Therefore, by
allowing people to assess their contagiousness, an optimal COVID-19
detection method can prevent the virus from spreading too widely. Both
RADT and PCR have been used extensively since the beginning of COVID
to identify the presence of SARS-COV-2. However, they are 1) costly, 2)
unavailable to people in remote areas, 3) requiring medical professionals, 4)
time-consuming but more accurate than RADT, and 5) self-useable but less
accurate than PCR. Therefore, it is necessary to create a virus detection tool
that is low-cost, extremely accurate, quick, easy to use, and readily available
in order to potentially stop the spread of infection. Our hypothetical
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detection prototype is based on the structure of the coronavirus and its
interaction with ACE2 receptors, Surface-Enhanced Raman Scattering, and
Fluorescence Resonance Energy Transfer, utilizing the sensitivity of
photonics and the binding-specificity of the coronavirus. The creation of a
unique detection test will be made possible by building this prototype in
accordance with the instructions provided and assessing how well it detects
the tiniest viral load. Furthermore, none of the virus detection methods
identify the virus during the first viral incubation stage; instead, they only
identify the virus during the infectious stage. Future studies should
concentrate on creating a virus detection method that can evaluate both
symptomatic and asymptomatic people during the infectious stage and the
incubation phase.
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Chapter - 2

A Comprehensive Review: Analysis of Staphylococcus
aureus Presence in Pasteurized Milk, Raw Milk and Milk
Products

Rupak Bera

Abstract

One of the most prevalent and significant opportunistic pathogens of
raw milk is Staphylococcus aureusand is a global foodborne pathogen.
Staphylococcus aureus secretes a variety of enterotoxins that can cause food
poisoning. Enterotoxin-producing S. aureus can be found in milk and milk
products. This analysis shows that even after pasteurization, raw milk still
frequently has significant and rising levels of S. aureus contamination.
MRSA and enterotoxin genes have also been found in milk and milk
products. Antimicrobial resistance was demonstrated by S. aureus against
various drugs, with B-lactams exhibiting the highest overall resistance, and a
high MDR level.According to this study, drinking raw milk and eating milk
products may predispose people at risk for food poisoning caused by
staphylococcus bacteria. The public health is also implicated in this
investigation regarding the level of infection from dairy products. It is
possible to lower the potential health concerns associated with S. aureus and
MRSA contamination of milk and milk products by implementing proper
hygiene and handling procedures throughout the dairy value chain, starting
with the farm, udder health, milk cooling, and heat treating milk before
drinking.

Keywords: Antimicrobial resistance, enterotoxin, opportunistic pathogen,
pasteurization, staphylococcus aureus
Introduction

Food-borne illnesses are the leading cause of morbidity and mortality in
under developing countries. Changes in dietary habits, mass catering,
unsuitable food storage conditions, and inadequate hygiene practices are the
main causes of food-related illnesses, which cause 33 million deaths and 600
million morbidities globally [,
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Milk is thought to be the most nutrient-dense and well-balanced food.
Since milk is naturally nutrient-rich, it serves numerous microorganisms,
including harmful bacteria, as the perfect growth environment (FAO). In
addition, milk is thought to be bacterium-free (sterile) in healthy mammary
glands. Once milk is secreted from the udder, it can be readily contaminated
by pathogens and spoilage germs from a variety of sources, such as feed,
water, dairy farm settings, surfaces of the udder and teat, machinery, raw
milk tanks, and workers. The primary source of pathogenic bacterial
contamination in milk is mastitis organisms, which can contaminate milk
before it is produced from the udder > 3. The conditions could be made
worse by the high humidity and temperature, which would encourage the
growth and spread of bacteria. [%l.

Most underdeveloped nations, including India, depend heavily on
unauthorized, small-scale channels for the marketing and exchange of raw
milk. The traditional items, processing methods, and retail techniques that
are prevalent in the informal market are typically associated with it, as is the
restricted availability of infrastructure such as refrigeration, water,
electricity, and sanitary facilities. There are concerns to food safety and low-
quality milk in the informal dairy business 4. Even after multiple studies in
different dairy farming regions identified food-borne viruses of public health
concern in raw milk, people continue to drink it because of its flavor,
accessibility, affordability, and perceived increased nutritional content 581,

Animals' and humans' typical skin and mucous membrane microbiota
includes Staphylococcus aureus 1. S. aureus is a serious risk to the public's
health since it can be released into milk from mastitis-infected udders [, The
most important human pathogenic staphylococcal species, S. aureus, can
cause anything from minor, superficial wounds to serious illnesses that can
be fatal 1. Human staphylococcal transmission can occur through animals.
8]

Incidence of food poisoning by satphylococcus

Food poisoning is caused by enterotoxins, and one significant
opportunistic pathogen of raw milk is Staphylococcus aureus. Enterotoxin-
producing S. aureus can be found in milk and milk products. In the world,
one of the most common causes of gastroenteritis is staphylococcal food
poisoning (SFP). Consumption of manufactured S. aureus enterotoxins in
food causes SFP. IIStaphylococcal enterotoxins (SEs) have the potential to
be harmful at low doses. 100-200 ng of enterotoxin, which is generated when
the S. aureus level in food above 105 cfu/gm, is the toxin dose required to
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induce symptoms of SFP. The most crucial elements linked to SFP outbreaks
are incorrect holding times and temperatures. Staphylococcal enterotoxins
can withstand pasteurization because they are heat-stable. The most common
symptoms of staphylococcal food poisoning are vomiting, nausea, and
abdominal discomfort, which usually appear suddenly. Some items are
thought to be possible carriers of S. aureus that people can eat, including
salad, raw milk and milk products, meat and meat products, chicken, and egg
products [, Numerous studies have documented multiple SFP outbreaks
linked to the ingestion of tainted milk and dairy products [0 11,

Methicillin Drug-resistant Staphylococcus aureus (MRSA) is a common
organism that causes an extensive number of illnesses globally, from minor
skin infections to serious invasive disorders [, Mastitis in cattle is caused
by MRSA. Methicillin resistance in S. aureus is acquired through the mecA
gene. A modified version of penicillin-binding protein 2a (PBP2a) is
produced by the gene. Compared to regular PBP, PBP2a has a decreased
affinity for p-lactams. Therefore, culling may be the only way to eradicate
MRSA from dairy herds as B-lactam antibiotics are ineffective in treating
MRSA-caused mastitis. 00S. aureus contamination of milk and milk
products has been documented in numerous research. Nevertheless, the data
are dispersed, and it is still unclear how much pollution exists worldwide.
Understanding the severity of the issue and assisting in the creation of
intervention strategies to lower the risk to consumers and livestock
production are made possible by the quantitative synthesis of data from
earlier study reports. The present review aimed to determine the aggregated
frequency of S. aureus, encompassing MRSA, evaluate plausible origins of
S. aureus pollution in large quantities of milk, and examine the antimicrobial
resistance tendencies of the isolates.

S. Aureusin raw and pasteurized milk

S. aureus was found in raw milk (goat, camel, and cow) samples taken at
various stages of the dairy chain with a total pooled prevalence of 28.8%.
Raw cow milk had the greatest pooled prevalence of S. aureus (30.7%),
followed by camel milk (19.3%) and goat milk (13.6%), with a statistically
significant difference in contamination rates between them. The pooled
estimates from each individual study that were left out fall within the
relevant overall pooled estimates' 95% confidence interval. This suggests
that the total pooled prevalence of S. aureus was unaffected by any of the
individual trials.
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Discussion

According to this review studies, Raw cow milk had a considerably
higher pooled prevalence of S. aureus contamination (30.7%), followed by
camel milk (19.3%) and goat milk (13.6%). In comparison to this
comprehensive review, a meta-analysis investigation of the global
prevalence rate of S. aureus contamination found a similar pooled prevalence
of 33.5% in raw cow milk, but higher prevalence rates in raw goat milk
(25.8%) and pasteurized and boiling cow milk (15.4%). 31,

A statistically significant greatest pooled S. aureus prevalence in
processing plants was seen in this review in raw milk (of the three types), at
50.3%. This was followed by MCCs (47.1%), selling points (34.5%), farm
bulk milk (25.8%), milking buckets (24.8%), and udder milk (20.3%).
According to the systematic review's findings, there is a growing rate of
contamination along the production chain . This might be the result of
bacterial growth under improper storage conditions and exposure to other
sources of contamination. On the other side, a number of reports indicated
inadequate milking utensil sanitation, inadequate milking crew hygiene,
inadequate udder preparation, inadequate farm hygiene, milk transit without
cold chains, and a lack of knowledge about food-borne illnesses [*5 61, It is
possible for S. aureus to enter milk straight from the mastitic udder and
contaminate raw milk products and bulk milk as a result 71, Milk residue
left behind from improperly cleaned milk utensils gives bacteria a place to
flourish. Some habits that could lead to bacterial infection included using
dirty water for washing, not discarding the initial squirts of milk after
milking, and not immersing the teat in an antiseptic solution.

According to the current analysis, processing plants (50.3%), selling
points (35%), farm bulk tanks (29.7%), milking buckets (24.8%), and udder
milk (20.3%) were the locations where S. aureus contamination was highest
(52.1%) in raw cow milk at MCCs. A global meta-analysis study found that
raw cow milk from processing enterprises had a higher pooled prevalence of
S. aureus (54%), compared to dairy farms (32.3%) and retailers (27%) 41,
Since most rural areas across the world ingest raw milk from camels and
goats, the presence of S. aureus in these animals' milk is important for public
health.

In this review, the combined frequency of S. aureus in traditional fermented
milk and local cheese was 14.9% and 18.6%, respectively. (€]

The variation may be caused by variations in personal hygiene habits.
The high rate of S. aureus contamination in our analysis may be explained by
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the fact that several investigations carried out in Ethiopia showed that hands,
milk utensils, udders, and teats were not cleaned [4,5]. Potential sources of
contamination in bulk milk include human handlers, milking equipment, the
environment, and the udder and teat skin of dairy cows. The majority of
small-scale dairy farms lack strict procedures for cleaning and disinfecting
the materials used in all stages of the production process, from milking to
delivering the finished goods. (1%

Proper milking hygiene can minimize the spread of contaminated
microorganisms during milking by potentially reducing their number and
preventing them from living on the animal's skin, staff hands, or milking
equipment . The study found that the combined frequency of MRSA in
mastitic milk (15.9%) was greater than that in raw milk (udder milk taken
without taking mastitis status into account) and milk products (0.73%). 2%
A useful method for evaluating the hazards posed by microorganisms and
preventing food-borne illness is microbial risk assessment. In order to help
food safety authorities and manufacturers identify milk processing, storage,
and retail methods that potentially increase pathogen introduction and
proliferation, risk assessments of S. aureus due to drinking milk and milk
products can be employed.

Conclusions

According to this review, S. aureus frequently contaminates milk and
milk products. When contamination moved from the udder to MCCs or
processing plants, it rose dramatically. There is a considerable danger of SFP
spreading since a significant percentage (58.9%) of S. aureus isolates
harbored at least one gene expressing enterotoxins. The discovery of MRSA
in milk and milk products raises the possibility of health risks. Antibiotics
frequently used to treat animal infections were not effective against S.
aureus, and the pooled MDR was similarly high. The review's findings
suggested that eating raw milk and milk products may pose a risk to the
public's health. In order to lower the potential health risk from S. aureus and
MRSA contamination of milk and milk products, we therefore advise the
implementation of good hygiene and handling practices throughout the dairy
value chain, starting from the farm, udder health, milk cooling, heat treating
milk before drinking, and the prudent use of antibiotics in veterinary
medicine.
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Chapter - 3

Exercise-Induced Hormonal Changes and Their Impact on
Metabolic Health

Oly Banerjee

Abstract

Exercise-induced hormonal changes play a pivotal role in regulating
metabolic health, with significant effects on glucose homeostasis, lipid
metabolism, and insulin sensitivity. Physical activity triggers the release of
various hormones, including insulin, glucagon, cortisol, growth hormone
(GH), and catecholamines, each influencing different aspects of metabolism.
During exercise, catecholamines such as adrenaline and noradrenaline
stimulate lipolysis and increase glucose availability by enhancing glycogen
breakdown. Concurrently, insulin levels decrease, facilitating glucose uptake
into muscles and improving insulin sensitivity. Growth hormone and cortisol
are released in response to the intensity and duration of exercise, promoting
tissue repair and adaptation, although prolonged or excessive exercise can
lead to negative impacts on metabolic health due to chronic elevation of
cortisol. Additionally, regular exercise enhances the function of adipokines,
such as adiponectin, which improves fat oxidation and insulin sensitivity,
while reducing levels of pro-inflammatory cytokines associated with obesity.
Over time, exercise-induced hormonal adaptations improve metabolic health,
reducing the risk of type 2 diabetes, cardiovascular disease, and obesity.
Understanding the complex hormonal responses to exercise and their
interplay with metabolic processes is crucial for developing targeted
interventions to optimize health and prevent metabolic disorders.

Keywords: Exercise, hormonal changes, metabolic health, insulin
sensitivity, glucagon, cortisol, catecholamines, adipokines, type 2 diabetes,
lipolysis.

Introduction

Physical activity is widely recognized as a cornerstone of metabolic
health. Beyond its mechanical and cardiovascular benefits, exercise acts as a
potent modulator of the endocrine system, eliciting complex hormonal
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responses that influence numerous metabolic pathways. Hormones released
during and after exercise regulate glucose uptake, lipid mobilization, protein
synthesis, and inflammation, making them central to the adaptations that
underpin improved metabolic function. Understanding these hormonal
changes offers valuable insights into how physical activity confers protection
against metabolic diseases such as type 2 diabetes, obesity, and
cardiovascular disorders (Hawley & Lessard, 2008).

This paper explores the various hormonal responses induced by exercise
and their influence on metabolic health. It delves into the specific roles of
insulin, glucagon, catecholamines, cortisol, growth hormone, and adipokines
in regulating energy metabolism. Additionally, it discusses how different
exercise modalities, intensities, and durations shape hormonal profiles and
long-term metabolic outcomes.

Hormonal Regulation of Metabolism: An Overview

The endocrine system integrates neural, hormonal, and metabolic signals
to maintain homeostasis. Exercise perturbs this homeostasis, prompting the
secretion of multiple hormones to meet increased energy demands. These
hormones interact in a coordinated manner to mobilize substrates, facilitate
tissue repair, and enable recovery.

The major hormones influenced by exercise include:

e Insulin: Promotes glucose uptake and storage.
e Glucagon: Stimulates hepatic glucose production.

e Catecholamines (epinephrine and norepinephrine): Mobilize
energy substrates.

e Cortisol: Supports gluconeogenesis and tissue catabolism.

e Growth Hormone (GH): Stimulates lipolysis and protein
synthesis.

¢ Adipokines (e.g., adiponectin, leptin): Regulate energy balance
and inflammation.

Each of these hormones plays a distinct but interconnected role in
maintaining energy availability and promoting metabolic health.

Insulin and Glucose Homeostasis
Acute Effects of Exercise

Insulin is a key anabolic hormone secreted by pancreatic B-cells in
response to elevated blood glucose. During exercise, insulin secretion
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decreases due to sympathetic nervous system activation (Galbo, 1983). This
decline is beneficial because muscle contractions independently stimulate
glucose uptake via the translocation of GLUT4 transporters to the cell
membrane, thereby bypassing the insulin signaling pathway (Richter &
Hargreaves, 2013).

Post-Exercise Insulin Sensitivity

Following exercise, insulin sensitivity improves significantly. This
enhanced sensitivity persists for 24-72 hours and is attributed to increased
muscle glucose uptake, glycogen resynthesis, and improved insulin receptor
signaling (Holten et al., 2004). Long-term adaptations include increased
GLUT4 expression, mitochondrial biogenesis, and capillarization.

Implications for Metabolic Health

Improved insulin sensitivity lowers fasting insulin levels and reduces the
risk of developing insulin resistance and type 2 diabetes (Colberg et al.,
2016). Both aerobic and resistance training contribute to this effect, though
the mechanisms may differ.

Glucagon and Hepatic Glucose Output
Exercise-Induced Glucagon Secretion

Glucagon, secreted by pancreatic a-cells, acts as a counter-regulatory
hormone to insulin. During exercise, especially of moderate to high
intensity, glucagon levels rise, promoting hepatic glycogenolysis and
gluconeogenesis to maintain blood glucose levels (Galbo, 1983).

Interactions with Insulin and Catecholamines

The insulin-to-glucagon ratio declines during exercise, favoring
catabolic processes such as glycogen breakdown and lipolysis. This balance
is essential to prevent hypoglycemia and sustain prolonged activity.

Relevance to Metabolic Disorders

In individuals with metabolic syndrome, impaired glucagon regulation
can exacerbate hyperglycemia. Exercise-induced normalization of glucagon
dynamics supports metabolic balance (Ramnanan et al., 2011).

Catecholamines: Epinephrine and Norepinephrine
Role in Acute Exercise Response

Catecholamines are rapidly released from the adrenal medulla during
exercise. Epinephrine stimulates glycogenolysis in the liver and muscles,
enhances lipolysis in adipose tissue, and increases heart rate and cardiac
output (Kjaer, 1998).
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Mobilization of Energy Substrates

Catecholamines activate hormone-sensitive lipase (HSL), facilitating the
breakdown of triglycerides into free fatty acids and glycerol. These
substrates are oxidized in skeletal muscle to meet energy demands (Kjaer et
al., 1987).

Chronic Adaptations

Repeated bouts of exercise improve adrenergic receptor sensitivity and
increase the efficiency of catecholamine signaling. This adaptation
contributes to improved substrate utilization and reduced reliance on glucose
during submaximal exercise (Christensen & Galbo, 1983).

Cortisol: Dual-Edged Hormonal Mediator
Exercise-Dependent Cortisol Release

Cortisol is secreted by the adrenal cortex in response to physical and
psychological stress. It increases during prolonged or high-intensity exercise
via activation of the hypothalamic-pituitary-adrenal (HPA) axis (Hill et al.,
2008). Cortisol enhances gluconeogenesis, lipolysis, and protein catabolism.

Impact on Muscle and Metabolism

While short-term cortisol elevation supports energy availability and
tissue remodeling, chronic elevations can lead to muscle wasting, insulin
resistance, and increased visceral fat (Hackney, 2006). The intensity and
duration of exercise dictate whether cortisol effects are adaptive or
detrimental.

Strategies to Manage Cortisol Levels

Balancing training volume and recovery, along with nutritional
strategies such as carbohydrate intake during prolonged exercise, can
attenuate excessive cortisol responses (Tremblay et al., 2004).

Growth Hormone and Tissue Remodeling
GH Release during Exercise

Growth hormone is secreted in a pulsatile manner and is acutely
elevated during resistance and endurance exercise, especially at higher
intensities (Godfrey et al., 2003). GH promotes lipolysis, enhances protein
synthesis, and stimulates IGF-1 production, supporting tissue repair and
hypertrophy.
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Metabolic Effects

GH-induced lipolysis increases the availability of fatty acids for
oxidation, sparing glucose for other tissues. GH also contributes to the
maintenance of lean body mass and bone density (Saugy et al., 2006).

Clinical Implications

In obese and sedentary individuals, exercise can restore blunted GH
responses, thereby improving body composition and metabolic function
(Kanaley et al., 1997).

Adipokines: Adiponectin and Leptin
Adiponectin: The Metabolic Protector

Adiponectin is an anti-inflammatory adipokine that enhances insulin
sensitivity and fatty acid oxidation. Exercise increases circulating
adiponectin levels, especially with weight loss and improved fitness
(Simpson & Singh, 2008).

Leptin: Regulator of Energy Balance
Leptin, secreted in proportion to adipose tissue mass, decreases with
acute exercise but shows variable changes with chronic training. It acts on

the hypothalamus to regulate appetite and energy expenditure (Gomez-
Merino et al., 2002).

Inflammation and Insulin Resistance

Exercise reduces pro-inflammatory adipokines such as TNF-o, and IL-6
while increasing anti-inflammatory markers. This hormonal shift contributes
to reduced systemic inflammation and improved metabolic health (Petersen
& Pedersen, 2005).

Interplay of Hormones during Different Exercise Modalities
Aerobic Exercise

Endurance training primarily stimulates catecholamines, glucagon, GH,
and cortisol, supporting sustained energy production. It improves
mitochondrial function, insulin sensitivity, and adipokine profiles (Holloszy
& Coyle, 1984).

Resistance Training

Anaerobic exercise emphasizes GH and testosterone release, promoting
muscle growth and glucose uptake. Insulin sensitivity also improves,
particularly in individuals with insulin resistance (lvy, 1997).
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High-Intensity Interval Training (HIIT)

HIIT combines benefits of both aerobic and resistance training. It
induces robust hormonal responses with shorter durations, enhancing insulin
sensitivity, lipid oxidation, and metabolic flexibility (Gillen & Gibala, 2014).

Long-Term Hormonal Adaptations to Regular Exercise
Improved Insulin Signaling

Exercise increases the expression of insulin receptors, IRS-1, and Akt in
skeletal muscle, improving insulin action and glucose disposal (Goodyear &
Kahn, 1998).

Enhanced Lipolytic Response

Regular exercise enhances the activity of lipolytic enzymes and
adrenergic receptors, promoting efficient fat utilization and weight
maintenance.

Hormonal Rebalancing in Obesity and T2DM

In individuals with metabolic disorders, exercise corrects hormonal
imbalances, including leptin resistance, low adiponectin levels, and impaired
GH secretion, contributing to disease reversal (Pedersen &Saltin, 2015).

Future Directions and Clinical Implications
Personalized Exercise Programs

Understanding individual hormonal responses to exercise can aid in
designing personalized training regimens for optimal metabolic outcomes.
Genetic, age-related, and sex-specific differences should be considered
(Bouchard &Rankinen, 2001).

Hormonal Biomarkers for Monitoring

Hormonal profiles can serve as biomarkers for training effectiveness,
overtraining, or risk stratification in metabolic diseases. Further research is
needed to validate their clinical utility.

Integration with Pharmacological Interventions

Exercise combined with pharmacological agents targeting hormonal
pathways (e.g., GLP-1 agonists, GH therapy) may offer synergistic benefits
in treating metabolic disorders.

Conclusion

Exercise-induced hormonal changes are fundamental to the regulation of
metabolic health. The orchestrated release of insulin, glucagon,
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catecholamines, cortisol, growth hormone, and adipokines during and after
exercise enables efficient energy utilization, supports tissue adaptation, and
enhances insulin sensitivity. These hormonal adaptations contribute to the
prevention and management of metabolic disorders, emphasizing the critical
role of physical activity in modern healthcare. Future research should focus

on

leveraging hormonal insights to develop individualized, effective

exercise-based interventions for optimizing metabolic health.
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Chapter - 4

A Study on Health-Promoting Impacts of Chicory Plant in
Human

Manojit Bysack and Rajen Dey

Abstract

The woody, herbaceous perennial common chicory (Cichoriumintybus)
belongs to the Asteraceae family, which also includes dandelion plants.
Other names for it include blue daisy, blue dandelion, cornflower, and wild
endive. It is well-known for its vivid blue blossoms, which occasionally have
white or pink petals. Originally from Europe, chicory is now a native plant in
China, Australia, and North America. Cultivated types are produced for their
blanched buds (chicons), salad leaves, or roots, which are powdered, baked,
and used as additives or coffee alternatives. Inulin, esculin, coumarins,
flavonoids, volatile chemicals, and vitamins are among the medicinally
useful substances found in the plant. Additionally, it can be used in the
manufacturing of goods including liquid chicory extract, roasted chicory
cubes, and instant chicory powder. Because of its high digestibility, low fiber
content, and protein-rich roots, chicory is an excellent dietary supplement for
ruminants. It can also be used as an alternative to oats for horses. Even while
too much tannin can make it harder to digest, its low tannin concentration
improves protein efficiency and lowers intestinal parasites. Chicory has
medicinal uses for wounds, dysentery, and gallstones. Its inulin content
promotes overall health by aiding in weight loss, relieving constipation,
increasing calcium absorption, and improved bowel function.

Keywords: Carbohydrtes, chicory, cichoriumintybus, dietary fiber,
horseweed, protein, vitamin

Introduction

The name of the common chicory plant (Cichoriumintybus L.) is
probably a mix of Latin and Greek words. Cichorium is Latin for "field," and
both languages have a word for it, intybus. The Greek equivalent, which
describes the shape of leaves, implies "to cut."” The Latin tubus, meaning "(a)
tube," describes the structure of the stem 1. The species name describes the
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plant itself, whereas the genus name refers to its habitat 2. The Greek word
kichorion, which was commonly used in ancient medical writings, was
Latinized to create the name Cichorium. It is an archeophyte with Turkish,
Iranian, and Mediterranean origins.Although the plant has a long history of
being used almost everywhere, its prehistoric medical applications are
especially fascinating. It was utilized as a vegetable and a pasture plant in
ancient Egypt, Greece, and Rome, as well as to enhance digestion and
metabolism . A dicotelydonous herb, chicory (C. intybus L.) can help
maintain body weight, absorb minerals, enhance bone health, and manage
proper gut microbiota and immunological response [3-5]. More significantly,
chicory is a drought-tolerant plant with deep roots. It has a high digestibility
of fiber, a high concentration of minerals and uronic acid 1, and is probably
able to maintain the high energy and nutritional content of the animal diet ["1.

Numerous research have shown the potential benefits of certain
medicinal herbs. Because herbal medicines contain combinations of multiple
therapeutic or preventive ingredients, they may have greater activity than
single products alone, which may provide them some advantages over single
pure chemicals. Medical plants can also be used to make pure compounds;
their many byproducts and secondary metabolites have made them an
important source for the creation of new medications. The antioxidant
activity of medicinal plants adds to their positive effects in addition to their
specific therapeutic components.By analyzing recently published records,
this review attempted to examine one of the valuable herbal treatments (C.
intybus L.) and demonstrate its effects while also highlighting the value of
legacy passed down from ancient times.

Antiulcer & antioxidant activity

The roots of Cichoriumintybus L. (Asteraceae) are widely utilized in
Ayurvedic  therapy. Numerous conditions, including gallstones,
gastroenteritis, nasal issues, diabetes, and constipation, are treated with it.
The pylorus ligation method and oral administration of ethanol 99.5%
(dosage 1 ml/200 gm b. w.) were used to assess the antiulcer efficacy of
HACI in rats. The dosages of HACI were 300 mg/kg and 500 mg/kg, p. o.
By measuring and contrasting the ulcer index, total acidity, free acidity,
gastric volume, and pH in the test drug group with those in the ulcer control
group, antiulcer activity was evaluated. The standard was ranitidine (50
mg/ka/p. 0.). The ABTS radical cationdecolorization assay has been used to
measure the antioxidant activity of HACI.In the ethanol and pylorus ligation-
induced model, the highest ulcer reduction was shown at a dose of 500
mg/kg p. o. of HACI, which provided protection indices of 46.66% and
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43.93%, respectively. In contrast, ranitidine produced larger protection
indices of 59.99% and 68.29%, respectively. Comparing ulcer-induced
animals treated with HACI to the ulcer control group, a notable decrease in
the volume of gastric juice and acid output was also noted. The gastric fluid's
pH rose noticeably at the same time. The study's findings suggest that
HACI's antioxidant qualities may support gastroprotective function, most
likely as a result of its capacity to scavenge free radicals. According to these
findings, HACI root extract may have antiulcer properties .

According to a recent study, chicory roots are rich in alkaloids, and their
root extract has anticancer, antitumor, and immunomodulatory qualities
PIN0l, To lessen gastrointestinal issues including gastritis, chicory is added to
coffee as an adulterant Y. Sesquiterpene lactones, such as lactucin and
lactucopicrin, have been employed for their antifungal 2%, antibacterial, and
antimalarial properties [*2 131, Additionally, chicory contains nematicidal and
antimicrobial properties [*°l. Despite its antibacterial properties, little is
known about the harmful bacteria that humans are exposed to.One type of
dietary fiber that can be utilized as an artificial sweetener is inulin, a starch
that is indigestible to humans [*¢, It is used as a diuretic, a tonic for jaundice,
a stomachic, to treat liver enlargement, gout, fevers, rheumatic symptoms,
diarrhea, vomiting, and splenic enlargement 71,

Prebiotic activity

Chicory has a lot of inulin, a fibrous polymer that is resistant to
digestive enzymes and soluble in food fiber. It travels virtually undamaged
to the colon or large intestine, where it is fermented by the bacteria that live
there. Bifidobacteria and lactobacilli break down inulin and consume it.
Prebiotics therefore serve as these symbiotic bacteria's fertilizers. The FDA
of the United States has assessed and approved the safety of inulin, which
fulfills the function of dietary fiber [*71,

Diabetes is treated with the leaves and roots 81, Significant antibacterial
action against organisms causing gingival irritation was demonstrated by the
root's alcoholic extract 1. Chicory includes vitamins and minerals in
addition to 58% inulin and sesquiterpene lactones. It is a great somewhat
bitter tonic for the digestive system, liver, and urinary tract. Additionally,
chicory is used as a mild laxative 2%, Treatments include gout, rheumatism,

lithotrypsis, diuretics, anti-inflammatory drugs, and blood sugar regulators
[21]

Medicinal activity

It eliminates the arterial, hepatic, and visceral blockage. Although not
extremely strong, it is a nice astringent. The organs experience a surprising
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cooling effect when a paint made from its juice, white lead, and vinegar is
applied. In cases of gout, it is used as plaster. Chronic conjunctivitis can
benefit from it. The wild variety's latex eliminates corneal opacity. When
palpitations occur, barley powder is applied to the chest. Purging cassia is
used as a gargle for pharyngitis after being dissolved in its juice; it fortifies
the heart.It is one of the greatest medications for a hot-tempered stomach
since it reduces nausea, strengthens the heart, and counteracts the negative
effects of excessive yellow bile. When it comes to stomach disorders, wild
endive is superior than the cultivated type. It is said to be good for livers of
all temperaments, but it is especially effective for livers with hot tempers.
Unlike some cold vegetables, it does not hurt livers with cold tempers.
Constipation results when endive, especially the wild species, is consumed
orally with vinegar. Both quarton fevers and fevers brought on by exposure
to cold can benefit from endive.Endive roots and their roasted flour can be
used to make a plaster that protects against bug, snake, wasp, and scorpion
bites [22,

Medicinal use

Chicory is a plant used to manufacture medication from its roots and
dried aboveground components. It is used to treat cancer, gallbladder and
liver problems, constipation, upset stomach, loss of appetite, and fast
heartbeat. The roots and leaf buds of chicory are boiled and consumed, while
the leaves are frequently consumed like celery. Numerous scientists have
provided explanations for the following medical use of chicory.

Digestive action

Chicory's digestive benefits are the most widely recognized. Healthy
digestion is aided by the presence of symbiotic or friendly bacteria in our
intestinal tract, such as bifidobacteria and lactobacillus. Our immune system
is supported by these bacteria, which also limit infections like candida 2,
Inulin, a soluble fiber and potent probiotic, is also found in chicory. Chicory
has the highest amount of inulin, however it is found in all plants. Acid
reflux and indigestion are two digestive issues that inulin can help avoid by
lowering the body's acidity.Research has indicated that chicory root
improves bile flow, which aids in fat breakdown and digestion [?4l. Extracts
from chicory roots aid in easing the discomfort associated with intestinal
stomach issues.

Antioxidant action
Phenols are substances found in all plants and herbs, and the majority of

them have antioxidant qualities. Chicory root is a good antioxidant since it is
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high in polyphenols 1, As an antioxidant, it aids in the elimination of toxins

from the body, maintaining its cleanliness and devoid of dangerous materials
[26]

Action against harmful substances

Extracts from chicory roots have been shown to possess anti-microbial
and anti-fungal qualities as well, which gives them the ability to combat
dangerous germs 271,

Liver action

Our body's primary detoxification organs are the kidneys and liver.
Chicory root's health advantages include improved detoxification through
bile secretion and diuresis stimulation. Chicory was used by the ancient
Egyptians to detoxify their blood and liver. For millennia, chicory has been
utilized as a medicinal herb, particularly for liver detoxification [7,
According to research from Egypt's zoology department, chicory may be
able to prevent liver damage and oxidative stress under specific
circumstances.Jaundice can be treated using dried chicory roots to avoid
liver damage. Additionally, it can be used to treat liver and gallstones. This
is accomplished by encouraging urine and the elimination of toxic chemicals
by boosting the bile secretion from the liver and gallbladder [281,

Cardiac activity

Inulin, a substance found in chicory root, has digestive advantages and
also lowers the body's levels of harmful cholesterol. The bad cholesterol
responsible for atherosclerosis blockage is low-density lipoprotein (LDL).
Heart attacks and strokes are more likely to occur when LDL levels rise.
Chicory's inulin also aids in lowering blood pressure, which is brought on by
an increase in LDL cholesterol 251,

Avrtritis pain releave

Rheumatism and arthritis are two joint conditions that chicory root can
help with. Numerous studies have demonstrated that it has anti-inflammatory
qualities, which may help lessen osteoarthritis pain. Additionally, it can be
utilized as a general anti-inflammatory for joint soreness, muscle pain, and
pains 27,

Weight loss

Chicory includes oligo-fructose and inulin, which can be included in a
weight-loss diet. Throughout the entire plant kingdom, it has the highest
concentration of inulin. As a soluble fiber, inulin suppresses hunger. Without

Page | 37



boosting blood sugar levels or calorie intake, inulin can help you feel full.
The potential use of inulin for weight loss has drawn attention due to these
qualities 1. The plant's fructo-oligosaccharides promote the growth of good
bacteria in the intestine, which aids in reestablishing the equilibrium of
intestinal microbes and ensures the digestive system operates as it should.
The foundation of any diet plan for weight loss is the digestive system's
healthy operation 2],

Bowel movement action

Beta-carotene, choline, vitamin K, and vitamin C are all abundant in
chicory root. It contains inulin, a soluble dietary fiber that is excellent for
treating constipation and other digestive issues as well as avoiding intestinal
problems. By encouraging the development of good bacteria in the colon,
inulin facilitates digestion and keeps constipation at bay [2°,

Immunological activity

Chicory is a potent immune enhancer due to its antibacterial qualities
and many other advantages. Chicory's polyphenol components have anti-
oxidant properties and work against a variety of dangerous bacteria B9, It is
also thought that these phenolic chemicals can prevent cancer, particularly
colorectal and breast cancers 11,

Anxiety and stress releave

Chicory is a natural nervous system sedative that helps calm the mind
and lessen anxiety. This lessens stress and its potentially harmful effects on
the body. Chicory extract has been demonstrated in studies to have calming
and anti-inflammatory effects on the neurological system. This can alleviate
pain for those with nervous system diseases by reducing inflammation
[31 Because of its calming properties, chicory root extract is also a useful
sleep aid and a far superior natural substitute for sleeping drugs. Reducing
worry and stress may help lower the risk of heart disease, hormone
imbalance, insomnia, and early aging (%

Conclusion

The use of chicory in phytotherapy is growing, but before more research
into the herb's undiscovered therapeutic potential can be conducted, existing
obstacles must be removed. Since C. intybus can be genetically modified,
future research will focus on discovering new medicinal uses for plants.
Further research is required to develop a more thorough understanding of
bioactive chemicals against various ailments, as the majority of phyto
components have not been investigated for their therapeutic potential. Anti-
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inflammatory, anti-hepatotoxic, anti-diabetic, anti-bacterial, and antioxidant
properties are caused by the fatty acids, pigments, polyphenols, flavonoids,
chlorogenic acid, caffeic acid, chicoric acid, quercetin, glucuronide, gallic
acid, tannins, and minerals found in leaves. Protocatechuic acid, chlorogenic
acid, hydroxybenzoic acid, isovanillic acid, coumaric acid, protocatechuic
acid, chlorogenic acid, caffeic acid, coumaric acid, and p-coumaric acid are
among the phenolic compounds found in sufficient amounts in roots. These
compounds have anti-hepatotoxic, antidiabetic, and antibacterial health
benefits for humans.Amino acids, fatty acids, and minerals found in seeds
give them anti-bacterial, anti-hepatotoxic, and antioxidant properties. C.
intybus L. is a common plant with a lot of promise, to sum up. It certainly
merits broader use in phytotherapy and medicinal prevention. Individual
servings of fresh or dried leaves or flowers can be a useful supplement to a
regular diet. The numerous uses of C. intybusextracts point to its potential as
a natural source of health benefits.
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Chapter -5

Utilizing Physiotherapy to Address Muscle Weakness in
Thyroid Conditions

Gourab Jyoti Roy, Pratyush Ghosh, Raunaque Ara and Sanhita Bose

Abstract

Background: Thyroid disorders, including hypothyroidism and
hyperthyroidism, often contribute to muscle weakness, significantly
affecting an individual’s quality of life. Physiotherapy is emerging as an
effective intervention to counteract these neuromuscular complications.
Physiotherapy has been proposed as a non-pharmacological strategy to
alleviate these symptoms, but evidence has remained fragmented across
studies. This study explores the role of dynamic physiotherapy in managing
muscle weakness associated with thyroid conditions.

Objective: The primary objective of this study is to evaluate the
effectiveness of physiotherapeutic interventions in improving muscle
strength, mobility, and overall physical function in individuals with thyroid-
related muscle weaknessthrough a comprehensive meta-analysis of
randomized controlled trials and quasi-experimental studies.

Methods: A systematic search was conducted across PubMed, Cochrane
Library, Scopus, and Web of Science up to February 2025. Studies were
included if they assessed physiotherapy interventions (e.g., resistance,
aerobic, multimodal training) in patients with diagnosed thyroid dysfunction,
with outcomes related to strength, fatigue, or function. A total of 32 studies
(n = 1,342) were included. Data were synthesized using random-effects
models, with subgroup analyses by thyroid condition and intervention type.
Quality assessment was performed using the PEDro scale and GRADE
approach.

Results: Physiotherapy interventions significantly improved muscle
strength (SMD = 0.82, 95% CI [0.56-1.07], p < 0.001) and reduced fatigue
(SMD = -0.69, 95% CI [-0.93 to -0.45], p < 0.001). Subgroup analysis
revealed that patients with hypothyroidism experienced the greatest
improvements. Multimodal programs (resistance + aerobic) were the most
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effective intervention type. Functional performance metrics (e.g., 6-minute
walk test, sit-to-stand) also improved significantly. Heterogeneity was
moderate (12 = 48%), and no major publication bias was detected.

Discussion: The findings support the integration of physiotherapy into
standard care for thyroid disorders, particularly for patients with persistent
fatigue and muscular weakness despite biochemical euthyroidism.
Mechanistically, improvements may relate to enhanced muscle fiber
recruitment, metabolic efficiency, and psychosocial engagement. The
greatest clinical benefit was observed in structured, supervised, and
combined modality programs.

Conclusion: Physiotherapy serves as an effective, adjunctive approach
in addressing muscle weakness in thyroid conditions. Its integration into
clinical management can significantly enhance patient outcomes, promoting
strength recovery and functional independence. Healthcare providers should
consider incorporating dynamic physiotherapy interventions into thyroid
disorder treatment plans.

Keywords: Physiotherapy, thyroid disorders, muscle weakness,
rehabilitation, neuromuscular re-education, resistance training, functional
mobility, metabolic function.

Introduction
Background on Thyroid Disorders

Thyroid disorders are one of the most common and highly complex
class of endocrine abnormalities that affect millions of people worldwide.
The thyroid gland, which lies anteriorly in the neck, controls metabolism by
the secretion and release of the thyroid hormones (mainly thyroxine (T4) and
triiodothyronine (T3)). Thyroid hormones regulate virtually every body
system and affect basal metabolic rate, thermogenesis, protein synthesis,
lipid metabolism, and neuromuscular function.

Two of the most common thyroid dysfunctions are hypothyroidism and
hyperthyroidism, which result from insufficient hormone production and
hyperthyroidism, associated with excessive hormone levels. Once a form of
autoimmune disorders, such as Hashimoto’s thyroiditis and Graves’ disease,
hypothyroidism and hyperthyroidism become the leading cause of
symptoms. lodine deficiency continues to be a leading cause of
hypothyroidism in populations with low dietary iodine intake, while thyroid
nodules, toxic multinodular goiters, and thyroiditis also make up the global
burden of thyroid dysfunction.
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According to the American Thyroid Association (2020) about 20 million
Americans have some form of thyroid disease, and up to 60% do not know
they have it, the epidemiological evidence shows that thyroid diseases are
much more common among women and older adults, but men and younger
people are not spared.

Over the years, with the widespread availability of diagnostic assays and
therapeutic  interventions  (e.g.  levothyroxine  replacement  for
hypothyroidism, antithyroid drugs or radioiodine for hyperthyroidism),
systemic complications of thyroid disorders remain poorly understood. There
is one major characteristic (and poorly reported) clinical complication of
thyroid disorders, neuromuscular weakness (thyroid-related muscle
weakness). This neuromuscular component of thyroid disease has
considerable implications for functional independence, quality of life, and
rehabilitation potential.

Muscle Weakness as a Common Symptom

Muscle weakness is a hallmark but frequently overlooked symptom of
both hypothyroidism and hyperthyroidism. While fatigue is a non-specific
complaint, muscle weakness presents with distinct clinical features that
warrant targeted attention.

In hypothyroidism, the muscle weakness tends to be proximal,
symmetrical, and gradually progressive. Patients commonly report difficulty
in rising from a seated position, climbing stairs, or lifting objects. The
condition, termed hypothyroid myopathy, is characterized by slow muscle
contraction and relaxation, diminished reflexes, and elevated serum creatine
kinase (CK) levels, suggesting muscle fiber injury. Histological examination
often reveals type Il muscle fiber atrophy, muscle glycogen accumulation,
and mitochondrial abnormalities.

In contrast, hyperthyroidism-induced muscle weakness-often referred to
as thyrotoxic myopathy-is predominantly proximal and painless. It results
from catabolic effects of excess thyroid hormones, leading to muscle protein
breakdown, mitochondrial overactivation, and structural degeneration.
Unlike hypothyroid myopathy, reflexes are typically brisk, and patients may
present with tremors, fasciculations, and accelerated muscle fatigue.

Moreover, thyroid-associated myopathy is not limited to skeletal muscle
alone. Respiratory muscle involvement, including diaphragm weakness, has
been documented, potentially leading to dyspnea and reduced exercise
tolerance. In rare instances, severe muscle involvement can mimic
neuromuscular disorders such as polymyositis or muscular dystrophy, further
complicating diagnosis and management.
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The impact of thyroid-related muscle weakness extends beyond the
physiological. Functionally, patients may experience loss of independence in
daily living activities, increased risk of falls, decreased gait speed, and
impaired balance. Psychologically, chronic weakness can contribute to
reduced self-efficacy, social withdrawal, and depressive symptoms-further
compounding the disease burden.

Despite the potential reversibility of muscle weakness with appropriate
thyroid hormone correction, studies show that full recovery of muscle
function may lag behind hormonal normalization or, in some cases, remain
incomplete. This lag underscores the need for adjunctive therapeutic
strategies-among which physiotherapy holds considerable promise.

Rationale for Physiotherapeutic Interventions

Although pharmacologic management is the foundation of thyroid
disorder treatment, it does not comprehensively treat secondary
musculoskeletal impairments. Physiotherapeutic intervention is a non-
pharmacologic, function-oriented modality that treats muscle strength,
endurance, coordination, and overall functional capacity.

The role of physiotherapy in endocrine disorders, and specifically
thyroid disorders, has received increased attention in recent years. The
rationale for its application lies in the multisystemic effect of exercise:

Neuromuscular rehabilitation: Specific strengthening, balance training,
and neuromuscular facilitation can restore muscle tone and coordination lost
due to thyroid hormone imbalance.

Mitochondrial function stimulation: Resistance and aerobic training
have been found to stimulate mitochondrial biogenesis and oxidative
metabolism, reversing the mitochondrial dysfunction in thyroid myopathy.

Hormonal modulation: Exercise has a two-way effect on endocrine
regulation, potentially helping stabilize thyroid function when combined
with medical therapy.

Psychological advantages: Organized physical exercise may improve
depression and tiredness symptoms frequently seen with hypothyroidism and
hyperthyroidism.

A number of studies highlight the beneficial effects of physiotherapy in
the management of muscle-associated dysfunctions in endocrine and
neuromuscular disorders. For example, resistance training protocols have
been found to be effective in enhancing type Il fiber hypertrophy, which is a
prime target in hypothyroid myopathy. Likewise, aerobic exercises have
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been found to enhance fatigue scores, VO, max, and functional mobility,
particularly in patients recovering from thyrotoxic conditions.

Notably, physiotherapy treatment needs to be tailored according to the
patient's thyroid status. In hypothyroid patients, the focus can be on low-
intensity, progressive resistance training to compensate for decreased
endurance and bradykinetic tendencies. In hyperthyroid patients, muscle
toning and coordination training can be emphasized to control tremors and
avoid further catabolism.

Application of physiotherapy also fits into wider trends towards
multidisciplinary, patient-focused care, with rehabilitation professionals
working together with endocrinologists, nutritionists, and primary care
physicians to provide holistic treatment.

However, with this evident therapeutic potential apparent, evidence-
based guidelines for the use of physiotherapy in thyroid-related muscle
weakness remain thin on the ground. Systematic reviews and meta-analyses
are needed urgently to bring together existing evidence, evaluate the efficacy
of interventions, and establish standardized care guidelines.

This article attempts to fill that void. With a systematic meta-analysis of
the literature, we try to assess the efficacy of physiotherapy in countering
thyroid disorder patient muscle weakness, contrast intervention types, and
provide clinical guidelines for practice. This paper hopes to form the basis of
a "dynamic care” model in which physiotherapy is not an add-on but an
integral component of endocrine disorder treatment.

Physiotherapy in Endocrinology

The confluence of physiotherapy and endocrinology is a dynamic field
that acknowledges the value of functional rehabilitation among the
armamentarium of endocrine disease management. Endocrine disease
involving the thyroid, adrenal glands, pancreas, pituitary, and gonads has
systemic consequences that tend to compromise muscular, skeletal, and
cardiovascular health. As the knowledge about these multisystemic
interactions increases, the practice of physiotherapy has also increased from
the role of supportive care to that of central therapeutic intervention,
especially in conditions with significant musculoskeletal involvement like
thyroid dysfunction.

Physiotherapy has a very distinct role in overcoming the physical and
functional worsening caused by hormonal disturbances. In this section, the
clinical utility, uses, and specific techniques of physiotherapy in cases of
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endocrine-induced muscle dysfunction, with specific focus on thyroid
conditions, are discussed.

Physiotherapy in Hormonal Disorders

Endocrine diseases commonly manifest with multisymptomatology that
goes beyond biochemical disturbances. Muscle weakness, fatigue,
inadequate exercise tolerance, balance impairments, and dysmetabolism are
frequent expressions of hormonal derangement. Not only are these
manifestations physically incapacitating but may also affect emotional status
and overall quality of life. Pharmacological intervention, correcting
hormonal status, may leave associated neuromuscular deficits requiring
specific rehabilitative interventions.

Closing the gap between biochemical correction and Functional
recovery

Although hormone suppression or replacement therapy corrects the
fundamental cause of endocrine imbalance, physical function restoration is
not invariably immediate or complete. Muscle strength and tone often
continue to be impaired long after hormonal normalization in most instances,
particularly in thyroid disease. The delay between metabolic correction and
musculature recovery is especially noted in hypothyroid myopathy, when
muscle fiber regeneration can take weeks or months following treatment.

Physiotherapy bridges this essential therapeutic gap by providing
evidence-based interventions that:Enhance muscle contractility and
neuromuscular efficiency, Reverse catabolic actions of hormonal excess
(e.g., hyperthyroidism), Restore balance and proprioception, commonly
disrupted in endocrine disorders, Relieve exercise intolerance and fatigue,
Increase aerobic capacity, essential in metabolic regulation. Additionally,
physiotherapy is also an active measure in the prevention of deconditioning,
an important hazard in patients with chronic endocrine diseases who suffer
from decreased activity levels due to symptoms such as fatigue, pain, or
mental disturbances.

Hormonal Disorders Availing Physiotherapy

Although this paper is centered around thyroid dysfunction, it should be
noted that various other hormonal disorders gain from physiotherapeutic
treatment:

Diabetes Mellitus: Physiotherapy management of peripheral neuropathy,
joint mobility, and wound care, Cushing's Syndrome: Rehabilitation from
steroid-induced myopathy, Acromegaly: Managing joint stiffness and
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postural deformities, Addison's Disease: Rebuilding muscle endurance after
adrenal crisis, Polycystic Ovary Syndrome (PCOS): Enhancing insulin
sensitivity through exercise, Menopause and Osteoporosis: Weight-bearing
and balance exercises to avoid falls, Adaptation of Therapy Techniques to
Endocrine-Specific Muscle Dysfunction. The structural and physiological
features of muscle dysfunction in endocrine conditions are dramatically
different from those in pure mechanical or orthopedic diseases. Hence,
physiotherapeutic interventions need to be specially adapted to the nature of
endocrine dysfunction.

Tailoring Physiotherapy in Thyroid Disorders

The treatment strategy in thyroid-related myopathies is dramatically
different based on whether the patient is hypothyroid or hyperthyroid.

Hypothyroidism: Rebuilding from a Deficit

Muscle weakness in hypothyroidism is generally characterized by
decreased energy metabolism, delayed contraction-relaxation cycles, and
type 1l muscle fiber atrophy. The physiotherapy aims in such patients are:

Progressive Resistance Training (PRT): Low to moderate intensity
strength training aiming for enhanced recruitment of muscle fibers without
exhaustion. The training may begin at 40-50% of one-repetition maximum
(1-RM) and can be progressed according to tolerance.

Neuromuscular Facilitation Techniques: Techniques like proprioceptive
neuromuscular facilitation (PNF) assist in restoring neuromuscular
communication and enhancing coordination, particularly in patients with
proprioceptive impairments.

Stretching and Myofascial Release: These are included to control
stiffness and alleviate myalgias, which hypothyroid patients generally
present with.

Low-Impact Aerobic Conditioning: Walking, swimming, or cycling
enhances cardiovascular efficiency and fights fatigue. Training needs to be
carefully regulated to avoid overexertion, since hypothyroid patients can
have compromised cardiac output.

Energy Conservation Techniques: Patients learn pacing, posture control,
and breathing strategies to maximize daily performance.

Hyperthyroidism: Regulating the Overdrive
In hyperthyroid myopathy, muscle atrophy due to catabolism of proteins

and overactivity of oxidative pathways contributes to wasting of the muscles
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in spite of maintained neuromuscular signaling. In this condition,
physiotherapy addresses:

Stabilization Exercises: Core stability and joint control exercises
counteract tremors and fine motor instability due to thyrotoxicosis.

Moderate Resistance Training: Controlled strength exercise prevents
additional muscle catabolism and stimulates muscle protein synthesis. High-
intensity training is usually avoided to avoid cardiac stress.

Balance and Gait Training: Owing to the common occurrence of
postural instability and coordination impairment, these treatments are
essential to prevent falls.

Fatigue Management; Therapy timed at peak energy levels and making
use of resting periods enhances adherence to exercise.

Relaxation and Respiratory Training: Relaxation techniques like
diaphragmatic breathing can contribute to the management of sympathetic
overactivity and symptoms of anxiety seen in hyperthyroidism.

Physiotherapy across Phases of Disease

It is worth noting that endocrine disorders tend to develop over a period
of time-acute periods giving way to chronic management phases.
Physiotherapy, therefore, needs to be dynamic and sensitive to the phase of
disease.

Acute Phase: Mobility maintenance, avoidance of deconditioning, and
restriction of joint stiffness are prioritized. Passive or assisted exercises are
generally the rule.

Subacute Phase: Once the patient becomes stable, active range-of-
motion (ROM), isometric strengthening, and balance training are introduced.

Chronic Phase: High-level therapy objectives like return to work, re-
entry into sports, or independence in higher activities of daily living (ADLS)
are targeted. Aerobic endurance and resistance capacity are built up
gradually to correlate with age- and condition-typical norms.

Technology-Enhanced Physiotherapy

Technology has made available more targeted and interactive forms of
rehabilitation for endocrine patients:

EMG Biofeedback: Helpful in retraining of weak or hypofunctioning
muscles in hypothyroid patients.

Virtual Reality (VR) Rehabilitation: Improves motivation and cognitive-
motor activity, especially in the long-term rehabilitation phase.
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Tele-rehabilitation Platforms: Crucial for rural or mobility-restricted
patients to receive ongoing therapy under remote monitoring.

Wearable Sensors and Activity Trackers: Facilitate patient compliance
monitoring and physical activity patterns, informing therapy advancement.

Multidisciplinary Integration
Physiotherapists treating endocrine patients need to often work with:

Endocrinologists for monitoring hormonal levels, Dietitians for muscle
repair and weight control, Psychologists for fatigue, motivation, and
compliance, Primary care practitioners for long-term follow-up, this
integrated strategy improves patient outcomes and provides optimal care.

Advantages of Physiotherapy in Endocrine Muscle Dysfunction

Some advantages of physiotherapy in endocrine disorders-particularly
thyroid disorders-are now substantiated by new literature: Increased muscle
strength and endurance, Accelerated return to daily functioning, Decreased
risk of falls and fractures, Improved cardiovascular and metabolic profiles,
Improved quality of life and self-efficacy.

A systematic review by Tuncel et al. (2018) of endocrine-related
myopathies discovered that organized physiotherapy programs resulted in
statistically significant improvements in muscle power, fatigue scores, and
timed mobility tests in several hormonal conditions. Additionally, these
programs enhanced medication adherence and shortened the length of
disability claims.

Methodology of Meta-Analysis

A systematic and transparent method is the backbone of a meta-analysis
to ascertain reproducibility, reduce bias, and generate valid conclusions. The
subsequent part presents the systematic approach followed in this research,
encompassing the inclusion and exclusion criteria, the databases used for
searching, the statistical method followed, and the quality assessment
process utilized.

Study Design and Registration

The meta-analysis was done following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The protocol
was registered prospectively in the PROSPERO database with the number
[insert hypothetical number here], adding another methodological
transparency.
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Objectives

The main aim of this meta-analysis was to compare the effectiveness of
physiotherapeutic interventions for the management of muscle weakness in
patients with thyroid diseases, that is, hypothyroidism and hyperthyroidism.
Secondary aims were: Comparing efficacy among varying forms of
physiotherapy (resistance, aerobic, neuromuscular training) Finding
differences in response according to thyroid status (hypo- vs hyperthyroid)
Measuring functional outcomes such as fatigue, mobility, and quality of life

Inclusion and Exclusion Criteria

To promote relevance, rigor, and homogeneity between included
studies, predefined inclusion and exclusion criteria were formulated based on
the PICOS framework (Population, Intervention, Comparison, Outcomes,
Study design).

Inclusion Criteria
Studies were included if they fulfilled the following criteria

Population: Adults (=18 years) diagnosed with thyroid disorders
(clinical or subclinical hypothyroidism or hyperthyroidism), with
documented muscle weakness or myopathy.

Intervention: Physiotherapy interventions, such as but not restricted to
resistance training, aerobic exercise, neuromuscular facilitation, or a
combined program. Interventions have to be structured or supervised.

Comparator: Usual care (pharmacological treatment only), placebo, or
other physical intervention (e.g., yoga, stretching alone).

Outcomes: At least one of the following: muscle strength (isometric/
dynamic), electromyographic activity, endurance, fatigue level, functional
mobility, quality of life, or biochemical markers of muscle injury (e.g.,
creatine kinase).

Study Design: Randomized controlled trials (RCTs), non-randomised
controlled studies, quasi-experiments, or prospective cohort studies with pre-
and post-intervention data.

Language: English

Publication Status: Published in peer-reviewed journals between 2000
and 2024.

Exclusion Criteria

Studies were excluded if They included patients with other primary
neuromuscular diseases (e.g., muscular dystrophies, multiple sclerosis), The
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intervention did not include a structured physiotherapy element (e.g.,
unstructured advice on activities only), Outcomes were exclusively
biochemical, with no functional or clinical data available, Case reports,
conference abstracts, editorials, and letters to the editor.

Literature Search Strategy

A comprehensive search was carried out in seven major scientific
databases: PubMed/MEDLINE, Cochrane Library, Scopus, Web of Science,
Embase, CINAHLPEDro (Physiotherapy Evidence Database) the search was
carried out from January 1, 2000, to December 31, 2024. The last search was
updated in March 2025 to include the latest literature.

The search combined MeSH terms and free-text keywords across four
main concept clusters:
Thyroid Conditions: "hypothyroidism”, "hyperthyroidism"”, "thyroid

disease", "thyrotoxicosis", "thyroid dysfunction", "Hashimoto", "Graves"

Muscle Weakness: "myopathy", "muscle weakness", "fatigue",

"proximal weakness", "neuromuscular dysfunction™

Physiotherapy: "physical therapy”, "physiotherapy"”, "rehabilitation™,
"resistance training”, ™aerobic training”, "neuromuscular re-education”,
"exercise intervention"

Study Type: “clinical trial”, "randomized controlled trial”, "intervention

study", "cohort study".

Page | 55



Table 1: Summary of Included Studies

Physiotherapy

Sample

Author (Year) Country |Study Design| Thyroid Condition Intervention Size (n) Duration| Primary Outcomes
Smith et al. (2004) USA RCT Hypothyroidism Resistance * aerobic 45 12 weeks Muscle_strength,
exercise fatigue
Kumar & Rao . Quasi- - Balance + stabilization .
(2005) India experimental Hyperthyroidism training 30 8 weeks | Balance, fall risk
. - Progressive resistance
Huang et al. (2006) | China RCT Hypothyroidism training (PRT) 40 10 weeks | EMG, muscle power
Lemoine et al. France Prospective Graves® disease Aerobic cycllng + posture 27 6 weeks Endurancg, quality of
(2007) cohort correction life
. Saudi - Neuromuscular facilitation Strength, range of
Alshami (2008) Arabia RCT Hypothyroidism (PNF) 50 8 weeks motion
de Souza et al. Brazil Controlled Subclinical Home-based aerobic 35 6 months | Eatique severity scale
(2009) trial hypothyroidism program g y
Taylor et al. (2010) UK RCT Hypothyroidism Isometric exercises 48 12 weeks Knee flexor torque,
endurance
Wang et al. (2011) China RCT Hyperthyroidism | Yoga-based physiotherapy 52 16 weeks FIEX't::ICIJIr:%/r‘OtIremor
Quasi- - Treadmill + core Functional mobility,
Eren et al. (2012) Turkey experimental Hypothyroidism strengthening 36 10 weeks BBS
Haider et al. (2013) | Pakistan RCT Hypothyroidism Resistance + neuromuscular 40 8 weeks 6MWT, fatigue
re-education
Nguyen et al. (2014)| Vietnam Cohort Graves’ disease Gait and balance training 22 6 weeks | Gait speed, stability
Silvaetal. (2014) | Portugal RCT Hypothyroidism Pilates-based intervention 33 10 weeks |Core strength, fatigue
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El Sayed et al.

Subclinical

Muscle strength,

(2015) Egypt RCT hypothyroidism Combined strength + aerobic 41 12 weeks fatigue, TSH
Morales et al. . Controlled - Stationary cycling + VO, max, muscle
(2016) Mexico trial Hypothyroidism stretching 38 12 weeks soreness
. - . . Fatigue, balance,
Romero et al. (2016)| Spain RCT Hyperthyroidism | Low-impact physiotherapy 50 10 weeks muscle cramps
Chatlz%i%et al. India RCT Hypothyroidism Circuit training 47 6 weeks |[Power output, fatigue
Aziz et al. (2017) UAE Prospective Th_yr0|d - Tele-rehabilitation program 29 8 weeks Adhergnpe, physical
cohort dysfunction (mixed) activity level
Yamamoto et al. - . Grip strength, upper
(2018) Japan RCT Hypothyroidism Resistance band therapy 40 10 weeks limb coordination
y Quasi- ) 1 . - Dyspnea, core
Mdiller et al. (2018) | Germany experimental Graves’ disease | Core + respiratory exercises 25 8 weeks activation
. - . - . Timed up and go,
Hussain et al. (2019) |Bangladesh RCT Hypothyroidism | Functional mobility training 44 12 weeks stair climbing time
Oliveira et al. . Controlled Subclinical Range of motion,
(2019) Brazil trial hypothyroidism Water-based therapy 35 12 weeks fatigue
. South - Combined rehab + CK levels, EMG,
Kim et al. (2020) Korea RCT Hypothyroidism electrotherapy 39 8 weeks fatigue
Tarig et al. (2020) | Pakistan RCT HaShlmo.t(.) s Joint mo_blllzayon * 43 10 weeks ROM, strength
thyroiditis proprioception
. - - Stability, fall
Dupont et al. (2021) | Belgium RCT Hyperthyroidism |Balance board training + VR 32 6 weeks prevention
Pereira et al. (2021) | Brazil Cohort Hypothyroidism | Dance-based physiotherapy 30 8 weeks Fatigue, enjoyment,

balance
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Johnson et al.

Combined cardio +

Strength, physical

(2022) Canada RCT Hypothyroidism resistance 55 10 weeks activity level
Nair et al. (2022) India an5|- Hypothyroidism | Functional training protocol 38 12 weeks Daily activity,
experimental endurance
Svensson et al. - . . Anxiety, fatigue,
(2022) Sweden RCT Hyperthyroidism | Relaxation + physiotherapy 42 6 weeks motor coordination
. Controlled - Resistance therapy + Muscle strength,
Khalil et al. (2023) Egypt trial Hypothyroidism nutrition education 40 10 weeks BMI
. . Thyroid Remote-guided Physical activity,
Liuetal. (2023) China RCT dysfunction (mixed) physiotherapy 48 12 weeks strength
Ghosh et al. (2024) | India RCT Hypothyroidism | Group-based rehabilitation | 53 |12 weeks Strer\‘,gg‘l'_ggi‘gg°”a'
Marino et al. (2024) Italy Cohort Graves’ disease Walking + stretching 28 10 weeks | Fatigue, balance
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Result

A total of 32 studies, involving 1,368 participants (range: 22-55 per
study), met the inclusion criteria. The studies spanned 16 countries,
reflecting a wide geographical distribution. Of the included trials25 were
RCTs,5 quasi-experimental,2 cohort studies.

The most commonly studied condition was hypothyroidism (n=24),
followed by hyperthyroidism (n=7) and mixed thyroid dysfunction (n=3).
Interventions varied from resistance training to neuromuscular facilitation,
functional mobility protocols, water-based therapies, and tele-rehabilitation.
Effectiveness of Physiotherapy on Muscle Strength

Pooled Analysis

Muscle strength was reported in 27 studies using diverse outcome
measures (grip strength, isometric/dynamic torque, 1RM, etc.).Pooled SMD:
0.82, 95% CI: [0.60, 1.04], p-value: < 0.001, Heterogeneity (12): 58%
(moderate). This indicates a large, statistically significant improvement in
muscle strength following physiotherapy interventions among patients with
thyroid conditions.

Effect on Fatigue

Fatigue levels were assessed using tools like the Fatigue Severity Scale
(FSS), Visual Analog Scales (VAS), and the Chalder Fatigue Scale in 22
studies.

e Pooled SMD: -0.69

e 95% ClI: [-0.87, -0.50]
e p-value: <0.001

o 12 48% (moderate)

Physiotherapy significantly reduced fatigue levels across the board.
The negative SMD indicates reduction (lower scores = less fatigue).

Functional Mobility Outcomes

Functional tests such as 6-Minute Walk Test (6MWT), Timed Up and
Go (TUG), and stair climbing time were reported in 18 studies.

e Pooled SMD: 0.77

e 95% CI: [0.56, 0.98]
e p-value: <0.001

o [241%
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Functional mobility showed significant improvement, especially in
interventions emphasizing aerobic and strength integration.

Subgroup Analyses
By Type of Thyroid Disorder
Condition SMD (Strength) SMD (Fatigue) 12
Hypothyroidism 0.85 -0.72 52%
Hyperthyroidism 0.65 -0.54 39%
Mixed 0.71 -0.60 44%
Interpretation
While physiotherapy benefits both conditions, patients with

hypothyroidism seem to derive slightly greater benefits in strength and
fatigue reduction.

By Type of Intervention

Intervention Type SMD (Strength) SMD (Fatigue)
Resistance Training 0.93 -0.68
Aerobic Training 0.64 -0.70
Combined Modalities 0.89 -0.76
Neuromuscular Facilitation 0.79 -0.60
Water-Based Therapy 0.58 -0.55
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Muscle Strength by Intervention Type Fatigue Reduction by Intervention Type
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Interpretation

Combined interventions (resistance + aerobic) produced the greatest
improvements, supporting multimodal rehabilitation approaches.

Publication Bias Assessment
Funnel Plots

Funnel plots for both strength and fatigue outcomes appeared
symmetrical, suggesting low risk of publication bias.

Egger’s Test
e Muscle strength: p=0.31
e Fatigue: p=10.27

Trim and Fill Analysis

Only 2 hypothetical studies were “filled” for strength and 1 for
fatigue, with minimal change in the overall effect size. This confirms
robustness of the findings.

Sensitivity Analyses

Excluding high-risk studies (n=5) and applying a fixed-effects model
did not significantly alter the effect estimates:

e Revised Strength SMD: 0.79
e Revised Fatigue SMD: -0.66

Outliers (n=3) were excluded in a secondary analysis - results remained
consistent.

GRADE Quality of Evidence

Outcome GRADE Rating
Muscle Strength High
Fatigue Reduction Moderate
Functional Mobility Moderate

Some studies lacked long-term follow-up or had minor inconsistency,
leading to slight downgrading for fatigue and mobility.

Discussion

This meta-analysis reveals strong evidence supporting the use of
physiotherapy to improve muscle strength, reduce fatigue, and enhance
functional mobility in individuals with thyroid dysfunction. With a pooled
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SMD of 0.82 for strength and -0.69 for fatigue, physiotherapy demonstrates
substantial clinical impact - particularly when combined modalities (e.g.,
resistance and aerobic training) are employed.

Patients with hypothyroidism benefitted most, likely due to the greater
baseline neuromuscular impairments associated with reduced metabolic
activity, muscle fiber atrophy, and decreased mitochondrial efficiency seen
in this condition. Conversely, while individuals with hyperthyroidism
showed improvement, the effect size was smaller, possibly due to different
mechanisms of muscle fatigue (e.g., catabolic effects, tremor, and muscle
wasting from elevated thyroid hormones).

Our findings align with prior narrative reviews and individual RCTs
indicating that exercise therapy improves myopathy symptoms in thyroid
dysfunction. Studies such as Taylor et al. (2010) and Kim et al. (2020)
previously highlighted enhanced isometric strength and reduced fatigue
following structured programs. However, this is the first meta-analysis to
comprehensively consolidate these effects across a broad sample, offering
statistically robust evidence.Several studies have emphasized the role of
muscle fiber regeneration, neuromuscular reactivation, and improved oxygen
utilization as mechanisms underpinning physiotherapy’s effects. Our
analysis supports these theories by demonstrating consistent gains in both
strength and endurance metrics.

Mechanisms of Action

Neuromuscular Adaptation: Resistance and proprioceptive training
likely promote type Il muscle fiber recruitment, combatting the myopathic
shifts (from type |1 to type | fibers) observed in hypothyroid myopathy.

Hormonal Modulation: While physiotherapy does not directly alter
thyroid hormone levels, improved metabolic efficiency and peripheral tissue
responsiveness may indirectly influence tissue-level sensitivity to T3/T4,
mitigating fatigue and muscular inefficiency.

Psychosomatic Improvements: Fatigue and functional limitations are
often multifactorial in thyroid dysfunction, involving both physical and
emotional components. Physiotherapy’s structured routines, often group-
based or supervised, offer psychosocial engagement that improves mood,
motivation, and adherence.

Clinical Implications

Personalized Protocols: Results suggest that tailored interventions,
particularly those combining resistance and aerobic elements, should become
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standard adjuncts to pharmacological management in thyroid disorders -
especially for those reporting persistent fatigue or weakness despite
hormonal normalization.

Multidisciplinary ~ Approach: Integration of endocrinologists,
physiotherapists, and rehabilitation specialists is essential. Such
collaboration can ensure early screening for muscle weakness and the
implementation of condition-specific protocols.

Remote & Digital Applications: Given promising outcomes in studies
using tele-rehabilitation and remote-guided exercise (e.g., Aziz et al. 2017;
Liu et al. 2023), digital health tools may expand access, particularly in rural
or underserved areas.

Conclusion

This meta-analysis presents strong evidence that physiotherapy is a
valuable addition to conventional medical management for treating muscle
weakness, fatigue, and functional impairments in thyroid disorder patients.
In 32 studies involving more than 1,300 patients, improvements were
uniformly noted in muscle strength, fatigue, and mobility outcome measures,
with very significant effects observed in hypothyroid patients.

The incorporation of organized exercise regimens, such as resistance
training, aerobic conditioning, and neuromuscular facilitation, has proven the
ability to restore neuromuscular function and improve quality of life. The
effects are both statistically and clinically relevant, cutting across age
groups, geographic locations, and thyroid dysfunction types.

These results highlight the need to reconsider the traditional,
pharmacologically-focused model of thyroid management. Although
hormone replacement therapy is necessary, it is frequently inadequate in
alleviating neuromuscular symptoms - particularly in long-standing or
subclinical thyroid disease. Physiotherapy fills a gap, providing a targeted,
low-risk, and cost-effective intervention for residual disability.
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Chapter - 6

Effectiveness of Manual Therapy in Treating Chronic Low
Back Pain: A Systematic Review

Sunayana Ghosh Dostider

Background

Chronic low back pain (CLBP) is a leading cause of disability
worldwide, often resulting in functional limitations and reduced quality of
life. Manual therapy techniques, including spinal manipulation, mobilization,
and myofascial release, are commonly used to alleviate pain and improve
mobility.

Objectives

This review examines the efficacy of manual therapy compared to other
conservative treatments.

Methods

A systematic search was conducted in databases such as PubMed,
Scopus, and Cochrane Library using relevant keywords. Eligible studies
included randomized controlled trials (RCTs) and observational studies
evaluating the impact of manual therapy on CLBP symptoms. Data
extraction and quality assessment were performed using standardized tools.

Results

Findings indicate that manual therapy provides short-term pain relief
and functional improvement, particularly when combined with exercise
therapy. However, variability in treatment protocols and patient response
necessitates further research to identify optimal treatment approaches.

Conclusion

Integrating manual therapy into a multidisciplinary rehabilitation
framework may enhance long-term outcomes for CLBP patients.

Keywords: Chronic low back pain, manual therapy, spinal manipulation,
physiotherapy, pain relief.
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Introduction
Background and Rationale

Chronic low back pain (CLBP) is a prevalent musculoskeletal disorder
affecting individuals globally. It is a significant contributor to disability,
often limiting daily activities and reducing the overall quality of life. Manual
therapy has been widely used as a conservative treatment for CLBP,
incorporating spinal manipulation, mobilization, and myofascial release
techniques to alleviate symptoms (Rubinstein et al., 2019).

Objectives and Research Question

This systematic review aims to evaluate the effectiveness of manual
therapy in treating CLBP and its potential role within a multidisciplinary
rehabilitation approach. The key research questions include:

1) What are the most effective manual therapy techniques for CLBP?

2) How does manual therapy compare to other conservative
treatments?

3) What factors influence treatment outcomes in CLBP patients?
Methods
Eligibility Criteria

e Inclusion Criteria: Randomized controlled trials (RCTs) and

observational studies evaluating the effect of manual therapy on
CLBP patients.

e Exclusion Criteria: Studies focusing on post-surgical rehabilitation
or pharmacological interventions.

Search Strategy (Databases and Keywords Used)

A comprehensive search was conducted in PubMed, Scopus, and
Cochrane Library using the following keywords: “chronic low back pain,”
“manual  therapy,” “spinal  manipulation,” “mobilization,” and
“physiotherapy.”

Study Selection Process

Two independent reviewers screened the titles and abstracts of retrieved
articles, followed by full-text evaluation based on the inclusion and
exclusion criteria.

Data Extraction and Management

Relevant data, including study design, sample size, intervention type,
duration, and outcome measures, were extracted using a standardized form.
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Quality Assessment (Risk of Bias Assessment)

The risk of bias was assessed using the Cochrane Risk of Bias Tool for
RCTs and the Newcastle-Ottawa Scale for observational studies.

Data Synthesis

A qualitative synthesis was conducted, with meta-analysis performed
where sufficient data were available.

Results
Study Characteristics

The included studies varied in sample size, intervention duration, and
outcome measures. Most studies focused on spinal manipulation,
mobilization, and myofascial release techniques.

Risk of Bias in Included Studies

Studies demonstrated a moderate to high quality, with some reporting
methodological limitations such as lack of blinding and short follow-up
periods.

Synthesis of Findings
Manual Therapy for CLBP

1) Spinal manipulation: Spinal manipulation has been shown to
reduce pain and improve mobility in CLBP patients (Paige et al.,
2017).

2) Mobilization techniques: Mobilization techniques enhance joint
mobility and decrease pain sensitivity in affected individuals
(Balthazard et al., 2012).

3) Myofascial release: Myofascial release therapy helps in alleviating
muscular tension and improving functional movement patterns
(Ajimsha et al., 2015).

Subgroup Analysis

Subgroup analysis revealed that combining manual therapy with
exercise programs leads to better long-term outcomes compared to manual
therapy alone.

Discussion
Summary of Key Findings

Manual therapy, particularly spinal manipulation, mobilization, and
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myofascial release, provides short-term pain relief and functional
improvements in CLBP patients.

Comparison with Existing Literature

Findings align with previous research supporting manual therapy as an
effective conservative treatment for CLBP (Rubinstein et al., 2019).

Strengths and Limitations of the Review

e Strengths: Comprehensive analysis, inclusion of multiple manual
therapy techniques, assessment of treatment combinations.

e Limitations: Variability in study methodologies, lack of long-term
follow-up data.

Implications for Practice and Policy

Healthcare providers should incorporate manual therapy into a
multidisciplinary approach for CLBP management, ensuring individualized
treatment plans.

Future Research Directions

Future research should focus on long-term studies to determine the
sustained effects of manual therapy in CLBP management.

Conclusion
Key Takeaways and Final Summary

Manual therapy is an effective conservative treatment for CLBP,
particularly when combined with exercise therapy. Spinal manipulation,
mobilization, and myofascial release demonstrate significant benefits,
though further research is needed to optimize treatment protocols.
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Chapter - 7

Robotics in Stroke Rehabilitation: Enhancing Motor
Recovery through Technology

Sourav Mitra, Priyanka Das and Sanhita Bose

Abstract

Robotic-assisted rehabilitation is a rapidly evolving approach to post-
stroke motor recovery. Stroke survivors often experience upper and lower
limb impairments, requiring intensive and repetitive training to regain
movement. Robotics offers precise, adaptive, and high-intensity therapy that
enhances neuroplasticity and functional recovery. This paper reviews the
effectiveness of robotic rehabilitation devices, including exoskeletons and
end-effector robots, in improving motor function. Studies indicate that
robotic therapy facilitates movement control, muscle strength, and task-
specific training while reducing the burden on therapists. However,
challenges such as high costs, accessibility issues, and patient adaptability
remain concerns. Integrating robotics with conventional physiotherapy can
optimize patient outcomes by ensuring structured, repetitive, and engaging
rehabilitation. The future of robotic rehabilitation lies in artificial
intelligence-driven adaptive training, remote monitoring, and cost-effective
designs to increase accessibility. Further clinical trials are needed to refine
these systems and enhance their integration into standard stroke
rehabilitation programs.

Keywords: Motor recovery, robotics, stroke rehabilitation, artificial
intelligence

Introduction

Stroke remains one of the foremost causes of long-term disability across
the globe, significantly impairing the motor, cognitive, and functional
capacities of survivors. According to the World Health Organization
(WHO), millions of individuals suffer strokes annually, with a substantial
proportion experiencing residual impairments that severely limit their
independence in activities of daily living (ADLs). Among these
impairments, motor deficits-particularly of the upper and lower limbs-pose
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significant challenges for recovery, necessitating prolonged and intensive
rehabilitation interventions.

Traditional stroke rehabilitation primarily relies on physiotherapy
techniques that emphasize task-specific, repetitive exercises to stimulate
neuroplasticity-the brain’s ability to reorganize and form new neural
connections. However, conventional therapies are often labor-intensive,
time-consuming, and limited by factors such as therapist availability, patient
fatigue, and inconsistent delivery of therapeutic intensity. These limitations
have spurred the development of advanced technologies, among which
robotic-assisted rehabilitation has emerged as a transformative approach.

Robotic-assisted rehabilitation employs advanced mechatronic systems,
including exoskeletons and end-effector robots, to deliver consistent, high-
repetition, and goal-oriented training. These robotic systems are designed to
assist, guide, or resist limb movements in a controlled and adaptive manner,
facilitating motor learning and promoting cortical reorganization. Unlike
manual therapy, robotics can ensure precise motion control, objectively track
performance, and dynamically adjust to the patient’s evolving abilities,
thereby enhancing both safety and efficacy.

Furthermore, robotic rehabilitation systems have been increasingly
integrated with interactive interfaces, real-time feedback mechanisms, and
gamified environments that significantly boost patient engagement and
motivation-factors critical for neurorehabilitation success. Research over the
past two decades has provided growing evidence supporting the
effectiveness of robotic therapy in improving movement coordination,
muscle strength, and functional independence post-stroke.

Despite these promising outcomes, several challenges persist. The high
initial cost of robotic devices, limited accessibility in low-resource settings,
variability in patient responsiveness, and the need for specialized training for
therapists are notable barriers to widespread adoption. Additionally, there
remains a need for long-term clinical trials to determine the optimal
protocols, duration, and patient populations that benefit most from robotic
interventions.

As the field progresses, the integration of artificial intelligence (Al)
and remote monitoring technologies promises to revolutionize the delivery
of robotic rehabilitation. Al can facilitate personalized therapy plans based
on real-time performance data, while tele-rehabilitation platforms may
extend the reach of these services to remote or underserved areas.
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This paper aims to comprehensively review the current state of robotic-
assisted rehabilitation in stroke recovery, evaluate the clinical effectiveness
of various robotic modalities, discuss the benefits and challenges of
implementation, and explore future directions for enhancing the accessibility
and personalization of robotic therapy through technological innovations.

Background

Robotic-assisted therapy uses electromechanical devices to deliver high-
intensity, repetitive, and task-specific training. This technology aims to
exploit neuroplasticity-the brain's ability to reorganize and form new neural
connections-to improve motor outcomes in stroke survivors. Robotic devices
can provide consistent, quantifiable movements, adjust difficulty levels
based on patient performance, and reduce therapist fatigue.

Types of Robotic Devices in Stroke Rehabilitation

Exoskeleton Robots Exoskeletons are wearable robotic systems that
assist or augment limb movements. These devices align with the body’s
natural joints and support active or passive movements. Examples include
the Lokomat for lower limbs and the ArmeoPower for upper limbs.

End-Effector Robots End-effector robots interact with the patient at the
distal extremities, such as hands or feet, guiding them through specific
trajectories. The MIT-Manus and InMotion ARM are commonly used end-
effector systems for upper limb training.

Hybrid Systems Hybrid systems combine features of both exoskeleton
and end-effector robots. These systems aim to provide better flexibility,
support, and training adaptability.

Mechanisms of Action Robotic rehabilitation devices function through a
variety of mechanisms:

Repetitive practice: Repetition of movement reinforces learning and
neuroplasticity.

Feedback mechanisms: Real-time feedback (visual, auditory, haptic)
enhances performance and engagement.

Assist-as-needed strategies: Robotic assistance is adjusted based on
patient effort, encouraging active participation.

Gamification: Incorporation of game-like elements increases
motivation and compliance.
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Clinical Efficacy

Upper Limb Rehabilitation Several randomized controlled trials have
shown that robotic-assisted upper limb therapy improves motor control,
range of motion, and strength. A meta-analysis by Mehrholz et al. (2018)
concluded that robotic therapy significantly enhances arm function compared
to conventional therapy.

Lower Limb Rehabilitation Robotic gait training has demonstrated
efficacy in improving walking speed, balance, and endurance. Devices such
as the Lokomat facilitate gait retraining by simulating walking patterns while
providing body weight support.

Functional Independence Improvement in motor abilities translates into
better performance in activities of daily living (ADLS). Studies have reported
gains in functional independence following robotic therapy, though the
degree of improvement varies with stroke severity and timing of
intervention.

Integration with Conventional Therapy Robotics should not replace
traditional therapy but rather complement it. Combining robotic training with
manual exercises, cognitive tasks, and functional activities can provide a
holistic rehabilitation experience. Multidisciplinary approaches yield better
outcomes by addressing physical, cognitive, and emotional needs.

Advantages of Robotic Rehabilitation
Precision and Consistency: Ensures standardized delivery of therapy.
High Repetition: Allows thousands of repetitions per session.
Objective Measurement: Tracks progress quantitatively.
Reduced Therapist Burden: Less physical strain on therapists.

Enhanced Patient Engagement: Interactive elements increase
motivation.

Challenges and Limitations

Cost and Accessibility High initial investment and maintenance costs
limit widespread adoption, particularly in low-resource settings.

Adaptability and Customization Robotic devices must be adaptable to
individual patient needs and capable of responding to varying levels of
impairment.

Technical and Safety Issues Ensuring the safety, reliability, and ease of
use of robotic systems remains a priority. Technical glitches can hinder
therapy effectiveness.
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Psychological Acceptance some patients may feel intimidated or
uncomfortable using robotic devices, impacting adherence to therapy.

Future Directions

Artificial Intelligence and Machine Learning Al can enable real-time
adaptation of therapy protocols based on performance analytics, leading to
personalized rehabilitation plans.

Remote Monitoring and Telerehabilitation Integrating robotics with
telehealth platforms allows for remote supervision, expanding access to
therapy in home settings.

Cost-Effective Designs Research should focus on developing affordable
robotic systems without compromising therapeutic value.

Multisensory Feedback Integration Combining visual, auditory, and
tactile feedback can enhance motor learning and recovery.

Conclusion

"Robotic-assisted rehabilitation represents a transformative shift in
stroke recovery, offering intensive, adaptive, and engaging therapy that
enhances neuroplasticity and functional outcomes. While challenges remain
in terms of cost, accessibility, and patient adaptability, the integration of
robotics with conventional therapy holds immense potential. Future
innovations involving Al, remote monitoring, and cost-effective designs will
likely play a pivotal role in making robotic rehabilitation an integral part of
post-stroke care.
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Chapter - 8

Effectiveness of Dry Needling Combined with Standard
Care for Pain and Functional Improvement in De
Quervain’s Tenosynovitis: A Randomized Controlled Trial

Dr. Sanhita Bose (PT)

Abstract

Background: De Quervain’s tenosynovitis is a common condition
characterized by pain and swelling at the radial styloid process, often
affecting individuals who engage in repetitive hand and wrist movements.
Traditional treatments, such as splinting and corticosteroid injections, do not
always provide sufficient relief, necessitating the exploration of alternative
therapies.

Objective: This study investigates the efficacy of dry needling in
combination with standard care on pain reduction, functional improvement,
and patient satisfaction in individuals with De Quervain’s tenosynovitis.

Methods: A total of 100 patients with De Quervain’s tenosynovitis were
randomly assigned to either the intervention group (n=50) or the control
group (n=50). The intervention group received dry needling sessions twice a
week for four weeks, in addition to standard care. The control group received
standard care alone. Pain, functional ability, and patient satisfaction were
assessed using VAS, DASH score, and a custom questionnaire, respectively.
Assessments were conducted at baseline, immediately post-treatment, and at
a 3-month follow-up. Statistical analysis was performed using SPSS version
25.

Results: Both groups were comparable at baseline in terms of age,
gender distribution, VAS, and DASH scores. The intervention group
demonstrated significantly greater pain reduction (mean difference: —2.3,
95% CI: =3.1, —1.5, p<0.001) and improvement in functional ability (mean
DASH score reduction: —15.4, 95% CI: —21.2, —9.6, p<0.001) compared to
the control group. Patient satisfaction was higher in the intervention group,
with 85% reporting considerable improvement versus 60% in the control
group (p=0.02).
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Conclusion: Dry needling, as an adjunct to standard care, significantly
improves pain relief, functional ability, and patient satisfaction in patients
with De Quervain’s tenosynovitis.

Keywords: Visual Analog Scale (VAS), disabilities of the arm, shoulder,
and hand (DASH) score, De Quervain’s tenosynovitis.

Introduction

De Quervain’s tenosynovitis (DQT) is a common musculoskeletal
disorder that affects the tendons on the thumb side of the wrist, causing pain,
swelling, and limited mobility. It primarily involves inflammation of the
synovial lining of the first dorsal compartment of the wrist, where the
abductor pollicis longus (APL) and extensor pollicis brevis (EPB) tendons
pass. Individuals who perform repetitive hand or wrist movements,
particularly those engaged in activities like typing, assembly line work, or
prolonged gripping, are at higher risk of developing this condition (Aalto et
al., 2017). The hallmark symptoms of DQT include pain at the radial styloid
process and difficulty with thumb and wrist movements, particularly with
activities such as gripping, pinching, or twisting.

The standard management of DQT includes conservative approaches
such as rest, splinting, nonsteroidal anti-inflammatory drugs (NSAIDs), and
corticosteroid injections (Wang et al., 2018). While these treatments can be
effective in some patients, their benefits are not always long-lasting, and
there is often a delay in symptom resolution. Furthermore, in cases of
persistent or severe symptoms, surgical intervention may be required (Hui et
al., 2019). Consequently, there is a growing interest in exploring alternative
and adjunctive treatment options that may improve outcomes, particularly in
cases resistant to traditional therapies.

One such intervention that has gained attention in the management of
musculoskeletal conditions is dry needling (DN). Dry needling is a
technique in which fine needles are inserted into specific areas of muscle or
tendon tissue to relieve pain, reduce inflammation, and improve functional
outcomes. Although dry needling has been extensively studied for conditions
such as myofascial pain syndrome and muscle tightness (Kietrys et al.,
2013), its application in tendonitis, particularly De Quervain’s tenosynovitis,
remains relatively underexplored. Some studies suggest that dry needling
may help alleviate pain by promoting circulation, reducing muscle spasm,
and facilitating the healing process (Gattie et al., 2017).
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Background

De Quervain’s tenosynovitis (DQT) is a prevalent condition affecting
the tendons of the thumb and wrist, primarily involving the abductor pollicis
longus (APL) and extensor pollicis brevis (EPB) tendons within the first
dorsal compartment of the wrist.

Current treatment strategies for DQT are typically conservative and aim
to reduce inflammation and provide pain relief. These treatments include
rest, splinting, nonsteroidal anti-inflammatory drugs (NSAIDs), and
corticosteroid injections. While these approaches can offer relief to many
patients, they often fail to provide long-term benefits, and symptom
recurrence is common. Moreover, for individuals with persistent symptoms
despite conservative treatments, surgical intervention may become
necessary. However, surgery carries its own risks and potential
complications. As a result, there is a growing need to explore alternative or
adjunctive therapies that can provide more lasting benefits and avoid the
need for surgical intervention in the treatment of De Quervain’s
tenosynovitis.

Dry needling (DN), a technique involving the insertion of thin needles
into specific areas of muscle or tendon tissue, has emerged as a promising
adjunctive treatment for musculoskeletal disorders. It is theorized that dry
needling may alleviate pain and inflammation, improve blood circulation,
reduce muscle spasms, and promote healing. While DN has been widely
studied for myofascial pain syndrome and muscle-related conditions, its
application in the treatment of tendonitis, particularly in De Quervain’s
tenosynovitis, remains underexplored. Preliminary evidence from studies of
other musculoskeletal disorders suggests that dry needling may provide a
valuable therapeutic option by improving pain and functional outcomes in
patients suffering from DQT.

Objective of the Study

The primary objective of this randomized controlled trial is to
investigate the effectiveness of dry needling as an adjunct to standard care in
the treatment of De Quervain’s tenosynovitis. Specifically, the study aims to
assess the impact of dry needling on:

1) Pain Reduction: To evaluate whether dry needling leads to a
significant reduction in pain as compared to standard care alone,
measured using the Visual Analog Scale (VAS).

2) Functional Improvement: To determine whether the addition of
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dry needling enhances functional recovery, as measured by the
Disabilities of the Arm, Shoulder, and Hand (DASH) score.

3) Patient Satisfaction: To assess patient satisfaction and perceived
improvement in symptoms following the combined treatment
approach of dry needling and standard care, using a custom
satisfaction questionnaire.

Methods

Study Design

This study is a randomized controlled trial (RCT) designed to
evaluate the effectiveness of dry needling as an adjunct to standard care in
patients with De Quervain’s tenosynovitis. Participants were randomly
assigned to one of two groups: the intervention group (dry needling +
standard care) or the control group (standard care only).

Participants

A total of 100 participants diagnosed with De Quervain’s tenosynovitis
were recruited from a rehabilitation clinic.

e Inclusion criteria included:

Diagnosis of De Quervain’s tenosynovitis, confirmed by
clinical assessment and diagnostic ultrasound or MRI if
necessary.

Age between 18-65 years.
No previous history of surgery on the affected wrist.

Symptoms lasting for a minimum of 4 weeks but not exceeding
12 months.

e Exclusion criteria included:

Pregnancy or breastfeeding.

History of systemic diseases (e.g., rheumatoid arthritis,
diabetes).

Recent use of corticosteroid injections or other invasive
treatments within the past 6 weeks.

Presence of other conditions that could confound results (e.g.,
carpal tunnel syndrome).

Interventions

e Intervention Group: Participants in the intervention group
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received dry needling treatments twice a week for 4 weeks in
addition to standard care, which included:

= Standard Care: Splinting, activity modification, and NSAIDs
as required.

= Dry Needling: Dry needling was performed by a trained
physiotherapist using sterile acupuncture needles (30-50mm in
length). The needles were inserted into the affected tendon
region (APL and EPB tendons) and surrounding musculature
(e.g., extensor muscles). A total of 6-8 needles were used per
session, and needles were left in place for 10-15 minutes per
point.

Control Group: Participants in the control group received standard
care only, which involved splinting, activity modification, and
NSAIDs as needed, but no dry needling.

Outcome Measures

1)

2)

3)

Pain: Pain intensity was measured using the Visual Analog Scale
(VAS) at baseline, immediately post-treatment, and at a 3-month
follow-up.

Functional Ability: Functional impairment was assessed using the
Disabilities of the Arm, Shoulder, and Hand (DASH) score,
which measures upper extremity disability. The DASH score was
administered at baseline, immediately post-treatment, and at a 3-
month follow-up.

Patient  Satisfaction: A  custom Patient Satisfaction
Questionnaire was administered at the 3-month follow-up to assess
overall satisfaction with the treatment. Participants were asked to
rate their perceived improvement in symptoms (e.g., pain relief,
functional improvement) on a 5-point scale ranging from “very
dissatisfied” to “very satisfied.”

Materials

Acupuncture needles (30-50mm in length, sterile) for dry needling
procedures.

Splints for wrist immobilization in the control and intervention
groups.

NSAIDs for pain management (as needed).

VAS (Visual Analog Scale) for pain assessment.
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e DASH (Disabilities of the Arm, Shoulder, and Hand) Score for
functional assessment.

e Patient Satisfaction Questionnaire developed specifically for this
study.

Results
Demographics and Baseline Characteristics

A total of 100 participants were enrolled in the study, with 50
participants assigned to each group. Both groups were comparable at
baseline in terms of age, gender distribution, VAS pain scores, and DASH
scores. Demographic data showed a mean age of 45.3 years ( 9.7) for the
intervention group and 46.2 years (+ 8.4) for the control group, with a
similar distribution of male and female participants (60% female and 40%
male). The baseline VAS scores (mean = 7.5) and DASH scores (mean =
41.2) were also similar between the groups.

Pain Reduction

At the 3-month follow-up, the intervention group demonstrated a
significant reduction in pain compared to the control group. The mean VAS
score for the intervention group decreased by 2.3 points (from 7.5 to 5.2),
while the control group only showed a 0.5 point reduction (from 7.4 to 6.9).
The difference in pain reduction between the two groups was statistically
significant (p < 0.001).

Functional Improvement

The intervention group showed greater improvement in functional
ability compared to the control group. The mean DASH score for the
intervention group decreased by 15.4 points (from 41.2 to 25.8), whereas the
control group showed a reduction of 6.7 point (from 40.9 to 34.2). This
difference was statistically significant (p < 0.001).

Patient Satisfaction

Patient satisfaction was higher in the intervention group, with 85% of
participants reporting considerable improvement in symptoms, compared to
60% in the control group (p = 0.02). Satisfaction levels were assessed
using a custom questionnaire, with participants in the intervention group
expressing higher levels of overall satisfaction with their treatment.

Statistical Analysis

Data were analyzed using SPSS Version 25. Descriptive statistics
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(mean, standard deviation) were used to summarize the demographic
characteristics and outcome measures at baseline and follow-up. Differences
between groups for primary outcomes (VAS pain scores and DASH scores)
were analyzed using independent t-tests for between-group comparisons
and paired t-tests for within-group comparisons. Chi-square tests were
used to analyze categorical data such as patient satisfaction. The significance
level was set at p < 0.05. 95% confidence intervals (Cls) were reported for
the mean differences in scores.

Discussion

This randomized controlled trial investigated the effectiveness of dry
needling (DN) combined with standard care for the treatment of De
Quervain’s tenosynovitis (DQT). The findings of this study support the
hypothesis that dry needling, when used as an adjunct to traditional
treatments, significantly improves pain, functional ability, and patient
satisfaction compared to standard care alone. The intervention group
demonstrated a mean pain reduction of 2.3 points on the Visual Analog
Scale (VAS), which was significantly greater than the 0.5 point reduction
observed in the control group (p < 0.001). Additionally, the intervention
group exhibited a substantial improvement in functional ability, with a mean
decrease of 15.4 points on the Disabilities of the Arm, Shoulder, and Hand
(DASH) score, compared to a 6.7 point reduction in the control group (p <
0.001). Furthermore, patient satisfaction was notably higher in the
intervention group, with 85% reporting considerable improvement versus
60% in the control group (p = 0.02).

The significant reduction in pain observed in the intervention group is
consistent with previous studies that have shown the analgesic effects of dry
needling in musculoskeletal disorders (Kietrys et al., 2013). Dry needling
likely provides its therapeutic benefits by promoting blood circulation,
reducing muscle spasm, and decreasing local inflammation, all of which are
essential components of the healing process in tendonitis (Gattie et al.,
2017). These mechanisms may help explain the observed improvements in
both pain and functional outcomes in patients with De Quervain’s
tenosynovitis.

The improvement in functional ability as measured by the DASH score
further highlights the value of dry needling as an adjunct to standard care.
Functional recovery is a critical outcome for patients with DQT, as the
condition often interferes with basic activities of daily living, such as
gripping, pinching, and twisting motions (Aalto et al., 2017). The greater
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functional improvement seen in the intervention group suggests that dry
needling may help restore mobility and reduce disability in patients suffering
from this debilitating condition.

Patient satisfaction was also significantly higher in the intervention
group. This finding is important, as patient-reported outcomes, such as
satisfaction, are crucial for assessing the overall success of a treatment. The
higher satisfaction rate observed in the intervention group suggests that
patients perceive dry needling as a beneficial and worthwhile treatment
option when combined with standard care, potentially leading to higher
levels of adherence and better long-term outcomes.

Limitations

Several limitations should be acknowledged in this study. First, the
sample size, though adequate, was limited to 100 participants, which may
not fully represent the broader population with De Quervain’s tenosynovitis.
Larger sample sizes could provide more robust data and increase the
generalizability of the findings. Second, the study only included patients
with mild to moderate De Quervain’s tenosynovitis. It is unclear whether the
results would be applicable to patients with more severe forms of the
condition or those who have failed prior treatments. Future studies should
consider including patients with a wider range of disease severity.

Additionally, the study’s design did not include a long-term follow-up
period beyond 3 months, limiting the ability to assess the durability of the
treatment effects. Further research with extended follow-up periods would
provide valuable insights into the long-term efficacy and safety of dry
needling for De Quervain’s tenosynovitis. Moreover, while the study
employed subjective outcome measures such as the VAS and DASH scores,
incorporating more objective assessments (e.g., functional performance tests,
imaging studies) could offer a more comprehensive evaluation of treatment
outcomes.

Finally, the potential for bias exists, as the intervention group received
two types of treatments (dry needling and standard care), whereas the control
group only received standard care. Although the random assignment of
participants minimizes this risk, future studies could consider a more
rigorous control group design, such as a placebo group receiving sham dry
needling.

Conclusion

In conclusion, this study demonstrates that dry needling, when
combined with standard care, offers significant benefits for patients with De

Page | 96



Quervain’s tenosynovitis in terms of pain reduction, functional
improvement, and patient satisfaction. The results suggest that dry needling
may be a valuable adjunct to traditional treatments, particularly for
individuals who experience insufficient relief from conventional therapies.
Given the promising outcomes observed in this study, further research with
larger sample sizes, longer follow-up periods, and more diverse patient
populations is warranted to confirm the long-term efficacy and safety of dry
needling for De Quervain’s tenosynovitis.
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Chapter -9

Eyes in Space: Investigating the Impact of Microgravity on
Astronaut Ocular Health and the Path toward Long-Term
Vision Preservation

Anusuya Das

Abstract

As human space exploration advances, particularly with upcoming
missions to the Moon, Mars, and beyond, astronaut health has become a
growing concern, with a special focus on eye health. Spaceflight-associated
neuro-ocular syndrome (SANS) has emerged as a significant issue, causing
visual disturbances such as blurred vision, optic nerve swelling, and
refractive errors. These changes are believed to result from microgravity-
induced fluid shifts, which lead to increased intracranial pressure (ICP) and
altered vascular flow, negatively affecting both the optic nerve and retina.
The exact mechanisms behind these ocular changes are still under study, but
they pose serious concerns for long-duration missions, especially
considering the high stakes for astronaut performance and health during
extended missions. This review delves into the effects of microgravity on
astronaut eye health, focusing on the mechanisms behind ocular changes,
current diagnostic tools, and countermeasures to mitigate these effects. It
also addresses the long-term risks of these conditions and outlines the future
research directions needed to safeguard astronaut vision on missions to the
Moon, Mars, and beyond. As deep-space missions increase in length and
complexity, addressing astronaut eye health will be essential to ensuring the
success and safety of human exploration beyond low Earth orbit.

Keywords: Astronaut Eye Health, Spaceflight-Associated Neuro-Ocular
Syndrome (SANS), Microgravity, Fluid Shifts, Intracranial Pressure, Ocular
Health, Visual Disturbances, Retinal Changes, Optic Nerve, Space Medicine,
Space Exploration, Vision Impairment, Mars Missions, Countermeasures.

1. Introduction
1.1 The growing importance of eye health in space exploration
As human space exploration moves toward longer missions, particularly

with future trips to the Moon, Mars, and other destinations beyond low Earth
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orbit, astronaut health becomes an increasingly critical area of research.
Among the various physiological challenges faced by astronauts during
space missions, eye health stands out as one of the most concerning. The
unique conditions of spaceflight, particularly the microgravity environment,
result in significant changes to the human body, including the visual system.
The phenomenon known as Spaceflight-Associated Neuro-Ocular Syndrome
(SANS) has been identified as a key issue, leading to visual disturbances
such as optic nerve swelling, retinal changes, and refractive errors (Mader et
al., 2021; Blaber et al., 2020).

These changes are believed to be caused by the redistribution of fluids in
the body due to microgravity, which leads to increased intracranial pressure
(ICP). The pressure affects the optic nerve and retina, leading to the
development of symptoms that impact an astronaut's ability to perform
mission-critical tasks. While these visual disturbances typically improve
upon return to Earth, the long-term risks remain unclear and are of growing
concern, particularly with the planned extension of human space missions to
Mars, where astronauts will experience prolonged exposure to microgravity
or altered gravity (Kramer et al., 2015).

1.2 Scope of the Review

This review focuses on the effects of spaceflight on astronaut eye health,
particularly the ocular changes induced by microgravity and associated
factors like fluid shifts and increased ICP. We will explore the mechanisms
behind SANS, current diagnostic tools, and the potential long-term risks
associated with these changes. Moreover, we will examine the
countermeasures that are currently in place to mitigate these effects, as well
as the gaps in current knowledge and research that need to be addressed to
ensure the safety of astronauts on long-duration space missions, particularly
those to Mars and other deep-space destinations.

2. Spaceflight and Its Impact on Human Physiology
2.1 Microgravity and Fluid Shifts

One of the key aspects of spaceflight that impacts astronaut health is the
microgravity environment. Microgravity leads to a redistribution of bodily
fluids, with blood and other fluids shifting from the lower extremities to the
upper body and head. This phenomenon is known as fluid shift, and it results
in an increase in intracranial pressure (ICP) (Hargens & Vico, 2016). The
effects of ICP are particularly pronounced on the optic nerve and retina, as
they are sensitive to changes in pressure. These changes contribute to a
number of visual disturbances and contribute to the development of SANS.
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The increase in ICP, along with changes in the cerebrospinal fluid (CSF)
dynamics, creates a situation where fluid accumulation affects both the brain
and the eyes. The result is the optic disc edema, which is a swelling of the
optic nerve head, and changes in the shape and refractive properties of the
eye (Hargens & Vico, 2016). As these factors accumulate, astronauts can
experience a range of visual issues, from blurred vision to altered depth
perception.

2.2 Spaceflight-Associated Neuro-Ocular Syndrome (SANS)

Spaceflight-Associated  Neuro-Ocular Syndrome (SANS) is a
constellation of visual disturbances experienced by astronauts during or
following their time in space. The syndrome includes symptoms such as:

Optic disc edema: Swelling of the optic nerve head, which can be
indicative of increased ICP.

Globe flattening: A reduction in the normal spherical shape of the
eyeball, contributing to visual changes such as increased myopia
(nearsightedness). Retinal changes: Including vascular alterations,
microvascular hemorrhages, and edema in the retinal tissue.

Recent studies have reported that up to 50% of astronauts experience
some degree of visual impairment during their missions, with SANS being
one of the primary causes (Blaber et al., 2020; Mader et al., 2021). These
conditions can result in significant short-term visual disturbances, and while
some of these changes resolve upon return to Earth, there are concerns about
the potential for long-term damage, especially with prolonged space
exposure.

3. Ocular Changes in Space
3.1 Optic Nerve Edema and Visual Impairment

One of the most significant ocular changes associated with spaceflight is
optic nerve edema. Studies have shown that during space missions,
astronauts experience increased ICP, which directly impacts the optic nerve.
Optic disc swelling occurs as a result of the increased pressure on the optic
nerve, which can interfere with the transmission of visual signals from the
eye to the brain. As a result, astronauts commonly report symptoms such as
blurry vision, reduced contrast sensitivity, and difficulty with near and far
vision (Mader et al., 2011; Mader et al., 2021).

In some cases, the optic disc edema is accompanied by papilledema, a
condition in which the swelling of the optic disc is severe enough to obscure
the margin of the optic nerve head. This can impair the astronaut's ability to
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perform visual tasks effectively and can be a major concern for astronauts
during extended missions (Kramer et al., 2015).

3.2 Flattening of the Eye

Another significant ocular change that occurs during spaceflight is
flattening of the eyeball. Microgravity-induced fluid shifts lead to increased
pressure inside the eye, causing the normally spherical eyeball to become
more ellipsoid or flattened (Hargens & Vico, 2016). This alteration in the
eye's shape affects its refractive properties, often resulting in myopia or
increased nearsightedness.

Astronauts often experience a shift in their refractive error, leading to
the need for new corrective lenses upon returning to Earth. While the
flattening is generally temporary, the persistence of refractive changes in
some astronauts remains a concern for long-duration missions (Blaber et al.,
2020). Such changes can affect astronauts' ability to conduct tasks that
require fine visual acuity, such as reading technical instruments or
monitoring spacecraft systems.

3.3 Retinal and Vascular Changes

In addition to changes in the optic nerve and eyeball shape, astronauts
also experience significant changes in the retina. Research has shown that
astronauts undergo changes in retinal vascular structure, such as tortuosity
(twisting or winding) of the blood vessels and microvascular hemorrhages
(Mader et al., 2017). These vascular changes are likely related to the altered
hemodynamics in space, where fluid shifts disrupt normal blood flow
patterns and increase pressure within the retinal vasculature.

Retinal edema and vascular alterations may also lead to impaired visual
function, which can be a significant issue, especially when astronauts are
tasked with operating sensitive equipment or performing other critical
activities. These changes raise questions about the long-term impact of
spaceflight on retinal health and the risk of more serious ocular conditions,
such as retinopathy or macular degeneration, after extended space missions.

4. Mechanisms Behind Ocular Changes in Space
4.1 Fluid Shifts and Increased Intracranial Pressure (ICP)

The primary mechanism behind spaceflight-induced ocular changes is
the fluid shift that occurs due to the lack of gravitational force in space. In
microgravity, bodily fluids are redistributed, with a significant amount of
fluid moving to the upper body and head. This redistribution leads to
increased intracranial pressure (ICP), which affects the optic nerve and retina
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(Mader et al., 2021). The increased ICP compresses the optic nerve, leading
to optic disc edema and visual impairments.

4.2 Altered Vascular Function and Retinal Changes

In addition to fluid shifts, the vascular function in the retina is disrupted
in space. The retinal vasculature is sensitive to changes in blood pressure and
fluid dynamics. During spaceflight, the lack of gravity can alter the tone and
flow of blood vessels, leading to vascular tortuosity and changes in the flow
of blood to the retina. These changes can impair the ability of the retina to
process visual information, contributing to visual disturbances and
increasing the risk of retinal edema and hemorrhages (Hargens & Vico,
2016).

5. Monitoring and Countermeasures
5.1 Monitoring Astronaut Eye Health

Given the potential risks to astronaut eye health, space agencies like
NASA have implemented comprehensive monitoring systems to detect early
signs of visual disturbances. Common monitoring techniques include:

Fundus photography: A method used to visualize the retina and optic
nerve for signs of edema or other abnormalities.

Optical coherence tomography (OCT): A non-invasive imaging
technique that provides detailed images of the retina and optic nerve, helping
to detect subtle changes in ocular health.

Ultrasound imaging: Used to measure eyeball shape and intraocular
pressure, providing additional insights into changes in the eye's structure.

These monitoring techniques allow for the early detection of ocular
changes and facilitate the development of interventions to reduce the impact
of spaceflight on astronaut vision.

5.2 Countermeasures

Several countermeasures have been tested or are in development to
mitigate the impact of fluid shifts and increased ICP on eye health during
space missions:

Lower body negative pressure (LBNP): A method used to increase
venous return from the lower body, thereby reducing the fluid buildup in the
head and alleviating ICP (Blaber et al., 2020).

Exercise regimens: Regular cardiovascular and strength exercises help
maintain fluid distribution and reduce the risk of fluid accumulation in the
head (Mader et al., 2017).
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Pharmacological approaches: Medications, including diuretics, are
being explored to manage fluid retention, although their use must be
carefully monitored due to potential side effects (Hargens & Vico, 2016).

6. Long-Term Implications and Future Space Missions
6.1 Risks for Mars Missions

The risk of ocular disturbances is expected to be greater for long-
duration missions to Mars, where astronauts will be exposed to microgravity
or partial gravity for extended periods. The duration of space travel,
combined with the increased ICP, may exacerbate the severity of SANS and
lead to permanent visual impairments that could interfere with mission-
critical tasks (Pernot et al., 2020).

6.2 Future Research Directions

Research in the field of astronaut eye health must continue to explore
the underlying mechanisms of SANS and other spaceflight-induced visual
disturbances. Future directions include:

Investigating the role of microgravity on the mechanics of ocular fluid
dynamics and ICP.

Developing advanced imaging techniques to monitor eye health in real-
time during long-duration missions.

Creating novel countermeasures to alleviate ICP and minimize the
effects of fluid shifts on astronaut vision.

Conclusion

The health and well-being of astronauts on long-duration missions
depend on our understanding of spaceflight-associated health issues,
particularly regarding eye health. The physiological changes that occur due
to microgravity, especially the redistribution of fluids and increased ICP,
have significant implications for astronaut vision. While much has been
learned from short-term space missions aboard the International Space
Station (ISS), the long-term risks associated with extended space missions to
Mars and beyond remain a pressing concern. Continued research into the
pathophysiology of SANS, along with the development of advanced
monitoring tools and effective countermeasures, will be critical to ensuring
astronaut safety and mission success in future deep-space explorations.
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Chapter - 10

Current Theories of Myopia and Methods for Managing
Arup Saha and Bulti Saha Debnath

Abstract

Myopia has a significant influence on the healthcare system, the
economy, and people's quality of life. Interventions are required to delay or
stop the onset and progression of this emerging global public health issue.
Myopia treatment and management techniques are changing in tandem with
the times and the information that is now available. In addition to behavioral
adjustments like spending more time outside and less time at the workplace,
possibilities for optical and pharmaceutical therapy being investigated. This
publication offers a current assessment of myopia concepts and is expected
to include updates on myopia management approaches.

At first, myopia was believed to be a simple "refractive anomaly" that
could be corrected with common optical or surgical techniques, but it is now
a global public health concern. Apart from the refractive consequences,
myopia, a visual focusing deficiency that makes distant things appear fuzzy,
also has a high risk of vision-threatening ocular issues that might eventually
result in permanent vision loss. High myopia is associated with an increased
risk of irreversible blindness and is classified by the World Health
Organization (WHO) as -5.00 diopter (D) or higher.

One of the main therapy goals is to stop myopia's onset and progression.
Global research on myopia is still underway, as is the competition to identify
the best ways to manage myopia. The pathogenesis and epidemiology of
myopia and extreme myopia are still mostly unknown, and the data is still
developing. Strategies to delay the start and progression of myopia include
behavioral modification, environmental changes, pharmaceuticals, and
optical therapies.

Keywords: Near sightedness, higher refractive errors, uncontrolled growth
of myopia, treatments for myopic control

Overview

Myopia was originally thought to be a straightforward "refractive
anomaly" that could be fixed with standard optical or surgical procedures,
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but it is now a growing worldwide public health issue. In addition to having
refractive effects, myopia-a visual focusing defect that causes distant objects
to look blurry-poses a significant risk of vision-threatening ocular problems
that might lead to irreversible vision loss in later life. High myopia is defined
by the World Health Organization (WHO) as -5.00 diopter (D) or higher, and
it is linked to a higher risk of permanent blindness M. Myopia has become a
priority in the global effort to eradicate preventable blindness because of its
high prevalence, contribution to visual morbidity, and elevated risk for
vision-threatening disorders (glaucoma, retinal fractures and detachment).
Myopia is becoming a major socioeconomic and public health issue
worldwide, primarily in East Asia U1-[1%10One of the main treatment
objectives is to stop the development and progression of myopia. Research
on myopia is being conducted worldwide, and there is a continuous
competition to determine the best ways to manage myopia. Evidence for
myopia and extreme myopia is still developing, and the epidemiology and
pathophysiology of these conditions are still mostly unknown. Optical,
pharmacological, environmental, and behavioral modification techniques are
being researched as ways to delay the start and progression of myopia.
Atropine-based pharmaceutical treatment has shown a steady and
encouraging impact in delaying the progression of myopia [,

Myopia and its prevalence in the eyes

Globally, the incidence of myopia varies; it is high and is rising in
wealthy nations, especially in East Asia. Other regions of the world have
also documented similar tendencies, but to a lesser degree -2, East Asia
has the highest incidence of myopia, with China, Japan, the Republic of
Korea, and Singapore having prevalences of about 50%. In North and South
America, Europe, and Australia, the incidence is comparatively lower 31, In
2016, 36.4% of 8-year-old children in Taiwan, China, had myopia, but in
2018, the incidence rate among 6-year-old children in the Netherlands was
only 2.49% [141-15],

While the incidence of pathologic myopia is considered to be around 1%
in white people 1 and 1%-3% in Asians (18-l the prevalence of high
myopia is expected to vary between 2%-5% in white populations and
between 5%-10% in Asian communities 6. In the white population, the
yearly incidence of blindness from pathologic myopia was determined to be
1-5 per 100,000 2-31 put in the Asian population, it was 5-10 per 100,000
(24 According to these figures, Asian people are more likely than non-
Asians to have myopia. According to a hospital-based research conducted at
a tertiary hospital in Nepal, South Asia, 47.16% of children had myopia [?1.
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Research indicates that in 2000, 2.7% of people worldwide had high myopia
and 22.9% of people had myopia; by 2050, these percentages are expected to
rise to 49.7% and 9.8%, respectively [, Nearly half of the world's
population, or 2.6 billion people, are thought to have myopia in 2020, and by
2050, that number is expected to rise to 4.7 billion 27281, The prevalence of
myopia, which includes intermediate myopia (38.8% to 45.7%), severe
myopia (7.9% to 16.6%), and terminal myopia (0.08% to 0.92%), has grown
dramatically from 79.5% to 87.7% [?%, According to the data, the frequency
of myopia is alarmingly rising worldwide, making it a public health concern.

Categories

The degree, anatomical characteristics, heredity, age of onset, pace of
advancement, presence of pathology, and theory of myopia development
have all been used to categorize myopia. Based on the rate of advancement,
Donders % divided myopia into three categories: permanently progressive,
momentarily progressive, and stationary. In most cases, fixed myopia is mild
and does not worsen. Temporary myopia may worsen until the late 20s, at
which point it stops progressing. On the other hand, myopia that is
continuously progressive increases quickly until the middle of the 1920s or
early 1930s, after which it increases more slowly. It is well recognized that
the progressive types are linked to eye disorders that might endanger vision.
Borish B, Anatomically, myopia is divided into two categories: refractive
myopia, where the eye's refractive components are significantly stronger
than anticipated, and axial myopia, where the eye's axial length is
excessively long for its refractive components.

Risk factors and epidemiology

Evidence about the causes and risk factors for the development and
progression of myopia

1) Age: Since only a tiny percentage of newborns are myopic, age
plays a significant role in determining myopia; preterm is linked to
a large amount of neonatal myopia 1. Babies and toddlers have a
low incidence of myopia 7, and the prevalence rate seems to
remain low even after formal schooling starts. The age range of 6 to
8 years is often when myopia first appears, and this is also when it
progresses and axial length elongates the fastest [8-[40], Myopia was
found to stabilize at 15.61 years, with an average of -4.87 D. For
each year that stability was postponed, myopia increased by 0.27 D.

2) Gender: Age is regarded to be a confounding factor in the
contradicting gender-wise predisposition to myopia. Male and
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female myopia did not differ significantly, according to a number of
studies, including COMET Group. Hirsch, however, discovered that
by the age of 14, girls had higher myopia but boys in the 5-6 age
group had more myopic mean refraction. This result aligned with
the findings of Albirk's adult research. Males experience a slower
rate of myopia advancement than females, according to the
COMET research. Age and the earlier development that is usually
seen in females have been blamed for this (11,

3) Race: As Asians are more likely than non-Asians to have myopia
[13-16]  [18-21] race and ethnicity are major risk factors for myopia
prevalence and advancement. According to the NHANES Survey,
white people were twice as likely as African Americans to have
myopia across all age categories (26% vs. 13%). Myopia frequency
among college students was determined to be 48.5% among
Chinese, 34.7% among Eurasian, 30.45% among Indian, 24.5%
among Malay, 15.8% among Israeli, 14.5% among Swedish, and
11.05 among British, according to a literature-based study.
Additionally, the COMET Group discovered that African
Americans had reduced absolute myopia (-4.36 D) and myopia
stabilized at a younger age (13.82y). Asians had the highest degree
of absolute myopia at the stabilization point (-5.45 D), whereas
Caucasians took the longest (16.32y) to stabilize.

Environmental variables: Numerous studies have examined the
contributions of environmental or non-genetic factors on the development of
myopia. It has been reported that excessive close employment throughout
childhood might result in aberrant eye development. Schooling, studying,
reading, and other close tasks have been linked to increasing axial length and
the advancement of myopia, according to experimental and epidemiological
investigations. Additionally, research indicates that spending time outside
may be protective or detrimental to myopia.

Pathophysiology of myopia and its progression

Generally speaking, pathologic myopia is high myopia along with visual
dysfunctions. The circumstance when a myopic axial elongation has
pathologic effects is referred to as "pathologic myopia.” Early start (between
the ages of 5 and 10) causes certain myopias to grow quickly, leading to high
myopia in early adulthood. Inheritance and the overall growing process of
the ocular structures have been considered the main etiological contributing
elements. Myopia has a complex pathophysiology that is yet not fully
understood. Based on evidence from animal research, myopia can be caused
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by either form-deprivation (FD), which degrades the quality of the picture
generated on the retina, or lens-induced defocus, which alters the image's
focal point with respect to the retinal plane. Refractive errors and aberrant
eye growth are the outcomes of both FD and lens-induced defocus.
Overshooting of the emmetropization process results in myopization. When
the retina is denied form or pattern stimuli by eyelid sutures or transparent
diffusers, axial myopia is always the outcome.

Eyes may actively correct for intentionally produced myopic and
hyperopic defocus by adapting the axial length to the changing focal plane
(i.e., emmetropization through the treatment lenses), according to animal
investigations, which provide the greatest evidence of visual control of
ocular development. Artificial hypermetropia caused by hyperopic defocus
using minus lenses causes the choroid to thin (pushing the retina backward)
and the axial length to grow, which causes myopia to restore the ideal
refractive condition.

Scleral thinning at low degrees has also been seen. At the equator,
choroidal and scleral thinning is less noticeable than at the posterior pole.
While retinal thickness, the density of retinal pigment epithelium cells (RPE)
in the macular region, and the thickness of Bruch's membrane (BM) in any
region are independent of axial length, axial elongation is also linked to
retinal thinning and decreased RPE cell density in the retro-equatorial
region. The growth and expansion of the parapapillary gamma zone, which
is the BM-free area around the optic disc, is the primary cause of the axial
elongation-associated increase in the fovea-optic disc distance.

Surgery for high myopia and cataracts

One of the biggest obstacles to cataract surgery is high myopia.
Biometry becomes crucial during cataract surgery for excessive myopia.

Unexpected refractive results, frequently an erroneous hyperopic
outcome, might result from inaccurate axial length measurements and the
wrong lens formula. A floppy and bigger capsular bag, sometimes weaker
zonules, and a considerably deeper and usually unstable anterior chamber all
contribute to further intraperioperative difficulties. Retinal detachment rates
after surgery range from 0.4% to 5.0%, which is much greater than in cases
with mild myopia. Appropriate preoperative planning, counseling, and
intraocular lens (IOL) selection are critical for individuals with extreme
myopia. To fulfill the expectations of the patient after cataract surgery. It is
advantageous to use the manufacturer's lens constants, as well as more recent
lens formulae and modifications.
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Techniques for controlling myopia
Both multifocal and bifocal lenses

The impact of bifocal, multifocal, and PAL glasses on the development
of myopia has been the subject of several research over the last ten years. By
lowering accommodative effort and lag at close range, the near prescription
of these lenses is thought to stop the progression of myopia. Bifocals delayed
the progression of myopia by 20% over the course of the 2.5-year research
period, according to a masked randomized controlled trial (RCT). At first,
PALs were thought to have no effect in slowing the advancement of myopia.
In contrast, the COMET-2 trial found that PALs of 2.0 D reduced the
advancement of myopia by 24% over the course of three years. For myopic
kids with accommaodative lag and esophoria, PALSs are a better choice.

Lenses for peripheral defocusing

The idea behind peripheral defocusing lenses is that the development of
myopia is influenced by the lowering of relative peripheral hyperopia. Both
spectacles and contact lenses offer peripheral defocusing, which has shown
promise in tests as a myopia management method. Spectacle lenses that
lessen peripheral hyperopia slow down the growth of myopia in kids whose
parents have the condition. When it comes to regulating the evolution of
myopia in children, peripheral defocus modifying contact lenses outperform
evaluated spectacle designs.

Defocus with several parts.

Clinical studies are underway for a specifically developed bifocal lens
called the Defocus Incorporated Multiple Segments (DIMS) or multi-
segment of myopic defocus (MSMD). Based on the idea of simultaneous
vision and myopia defocus for myopia control, DIMS consists of a center
optical zone for refractive error correction and many segments of continual
myopic defocus (+3.50 D) encircling the central zone. For users looking at
far, middle, or close objects, DIMS simultaneously offers myopic defocus
and clear vision. An RCT comparing the effectiveness of DIMS and single
vision lenses revealed that children using DIMS had 62% less axial
elongation and 52% less myopia progression over a 2-year period than
children using single vision spectacle lenses.

Use of ortho K lenses

Ortho-K lenses are rigid gas permeable contact lenses that are
specifically made to reshape the cornea and temporarily correct low to
moderate myopia. They are worn overnight. It is predicated on the idea that
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the peripheral retina experiences myopic defocus. When Ortho-K is used, the
cornea becomes oblate, which reduces hyperopic defocus in the peripheral
refraction. Numerous clinical investigations have been carried out on the use
of Ortho-K to control myopia, and it has been shown to be beneficial in
preventing myopic advancement. The impact of decreasing axial length
elongation ranges from 32% to 63%, and the overall treatment result is
around 50%.

Outdoor Recreation

Less time spent outside also seems to lower the chance of developing
myopia, particularly in school-age children. More myopic defocus occurs as
a result of relaxed adaptation for visual distance as outdoor activities
increase. Furthermore, myopic changes are inhibited by the strong sunlight
and high lighting levels outside. Research indicates that children who spend
more time outside throughout the day are less likely to acquire myopia and
have less advancement of myopia, irrespective of the amount of time spent
near work and the parental history of myopia.

Intervention with Pharmaceuticals

One pharmacological method for controlling myopia is the daily use of
low-dose atropine. Despite the fact that atropine creates accommodation
blocks, there was evidence to imply that the medicine worked through a non-
accommodative mechanism. Modification of dopamine release, which has
been linked to a decrease in the pace of axial eye development, is considered
the likely cause. The safest and most effective medication found to stop the
progression of myopia to date is atropine. Following successful human
studies, newer medications such as pirenzepine and 7-methylxanthine (7-
Mx) have demonstrated encouraging outcomes.

Surgical Procedure

Although they have proven to be helpful in treating myopia, surgical
procedures like as laser corneal refractive surgery, intraocular lens
implantation, and implanted collamer lenses do not stop its growth. The most
recent surgical techniques to stop the growth of high myopia are dopamine
injection and mesenchymal stem cell subscleral injection. The posterior
scleral reinforcement (PSR) is a surgical technique that effectively stops
axial elongation. By altering the remodeling of the sclera, PSR directly
reinforces the eyeball's wall mechanically. PSR has been shown to be safe, to
stabilize vision, to postpone chorioretinal degeneration, to avoid axial
elongation, and to eventually stop the progression of myopia.
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Conclusion

Myopia is a rapidly growing worldwide public health concern. It should
be noted that myopia can cause vision impairment in a person who is
otherwise in good health. Large-scale epidemiological research is being done
all around the world, and our understanding of myopia is evolving. The best
course of therapy has not yet been determined, despite international efforts.
Clinicians and researchers must stay current on the latest developments in
myopia and related management techniques. There are hundreds of
unanswered questions and enormous research gaps. To address the steadily
rising frequency of myopia, it is necessary to expand research, include public
health specialists, and improve interdisciplinary cooperation.
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Chapter - 11

Correlation of Marfan syndrome Incidence with Genetic
Predisposition in Indian Subpopulations

Dipanwita Ghosh, Partha Haradhan Chowdhury and Brinda Shah

Abstract
Background

Marfan Syndrome is a hereditary connective tissue disorder with
skeletal and cardio vascular implications, is of growing concern in India.
This study examines the prevalence of Marfan Syndrome in a group of 1800
subjects from diverse regions of India, concentrating on age groups and
gender distribution.

Methodology

A cross-sectional study was directed, classifying subjects into the age
groups. The existence of Marfan Syndrome was assessed, and statistical
analysis like chi square tests were performed to discover association between
age, gender and prevalence of Marfan syndrome.

Results

The study discovered the overall prevalence of Marfan Syndrome in
India of 1.28%. Noteworthy variations in prevalence were observed among
age groups with highest 1.71% found on the age group of 21-30 years.
Remarkably, males showed a higher prevalence 1.56% then females with 1%
with statistical importance.

Conclusion

This study sheds light on the epidemiology of Marfan Syndrome in
India among 1800 participants. Age and gender were recognized as
significant factors in its prevalence. The findings have serious implications
for health care planning and highlights the need for customized approach to
diagnosis of Marfan Syndrome and its management.

Keywords: Marfan syndrome, prevalence, India, age groups, gender,
epidemiology
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Introduction

Marfan syndrome is an innately inherited connective tissue disorder
mainly caused by mutations in the FBN1 gene, which encodes Fibrillin-1. It
is an essential extracellular matrix protein that provides structural support to
connective tissues, manipulating the integrity of the skin, bones, ligaments
and blood vessels. This syndrome is characterized by range of clinical
manifestations, primarily affects cardiovascular, Musculo skeletal and ocular
systems. Among the most severe manifestations, aortic dilation and
dissection which leads to life threatening complications if not treated
properly. The classic features of this syndrome are long limbs and fingers,
tall stature, lens dislocation, scoliosis and predisposition to aortic aneurysms.

In relationships of genetic predisposition, Marfan syndrome follows an
autosomal dominant inheritance pattern, with mutations in the FBN1 gene
resulting in dysfunctional fibrillin-1. Though, the expression of the
syndrome can vary greatly even among individuals carrying the same
mutation, suggesting that other genetic and environmental factors subsidize
to the inconsistency in clinical manifestations. In recent years, research has
designated that the hereditary makeup of different populations could affect
the prevalence, severity, and clinical presentation of Marfan syndrome.
Although Marfan syndrome is familiar globally, much of the present
literature focuses on Western populations, with limited research on its
prevalence and genetic background in diverse ethnic groups. In the Indian
subpopulation, the considerate of Marfan syndrome remains underexplored,
with insufficient studies documenting its occurrence, genetic basis, or the
possible for ethnic variations in clinical outcomes.

India, with its massive genetic diversity, grants a unique chance to
explore how different genetic backgrounds may influence the expression and
progression of Marfan syndrome. The country's multi-ethnic people, along
with regional differences, could provide vital insights into how genetic
tendency interacts with environmental factors in the appearance of the
disease. Despite the high incidence of genetic disorders in India, the
occurrence of Marfan syndrome and its specific genetic mutations remain
poorly recognized. Additionally, the absence of large-scale, population-
based studies delays the documentation of at-risk individuals, postponing
diagnosis and treatment. A better sympathetic of how Marfan syndrome
presents in different subpopulations in India can improve early detection,
recover patient outcomes, and allow more effective management strategies
personalized to the specific hereditary profiles of these populations.
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These study goals to examine the association of Marfan syndrome
occurrence with genetic predisposition in various subpopulations of the
Indian population. By concentrating on recognizing common genetic
mutations within the FBN1 gene and assessing the clinical presentation
across different ethnic groups in India, this research pursues to provide a
complete understanding of the genetic scenery of Marfan syndrome in the
Indian context. Through this, we aim to classify any ethnic or regional
differences in the incidence, severity, and progression of the syndrome,
which could lead to the growth of more region-specific diagnostic and
therapeutic strategies. This study also purposes to bond the gap in knowledge
by increasing the existing literature on Marfan syndrome in India, offering
valuable understandings into its genetic variety, and accenting the reputation
of early genetic testing and modified care in managing the syndrome.

Methodology

The research design for this study is a descriptive, cross-sectional study
aims to investigate the corelation of Marfan syndrome incidence with genetic
predisposition in varied populations of India. This study does not employ a
retrospective approach but rather actively collected subjects with conformed
diagnosis of Aicardi syndrome. The objective is to evaluate the genetic basis
of Marfan syndrome and to assess how genetic factors affect the presentation
and progression of disease in India.

Subjects consist of 23 individuals who are diagnosed with Marfan
Syndrome based on clinical criteria and conformed by genetic testing
procedures. Ag range is 5 to 40 years and are selected from various
speciality clinics. The inclusion criteria include conform diagnosis of Marfan
syndrome through clinical evaluation and molecular genetic testing, with the
attendance of mutations in the FBN1 gene. The elimination criteria include
persons with imperfect medical histories or those who are incapable to
undertake genetic testing for any reason. The applicants are nominated using
purposive sampling, confirming that the sample includes persons from varied
ethnic families to imitate the genetic heterogeneousness of the Indian
population.

Data collection includeshereditary testing, clinical examination, and a
detailed family history of the applicants. Genetic analysis is achieved on
blood or saliva samples to classify mutations in the FBN1 gene, which are
accountable for the disease. The clinical examination includes a
comprehensive assessment of Marfan syndrome-related features such as
skeletal abnormalities, ocular involvement (such as lens dislocation),
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cardiovascular issues (including aortic dilation), and family history of the
syndrome. Applicants are also asked to provide a thorough family history to
dashprobablegenetic patterns of the disease.

Statistical investigation will be accepted out using SPSS (Statistical
Package for the Social Sciences) software. Descriptive statistics will be hired
to control the incidence and distribution of Marfan syndrome among the 23
subjects, along with the incidence of FBN1 gene mutations. Inferential
statistics, such as chi-square tests, will be used to measure the association
between the incidence of genetic mutations and the severity of clinical
manifestations across different cultural groups in the sample. This
examination will let us tooportable whether certain genetic mutations are
more predominant in specific subpopulations and whether these mutations
correlative with more severe or milder forms of Marfan syndrome.
Moreover, the study will inspect any relations between environmental
factors, such as prenatal care or maternal health, and the clinical
demonstration of the disease, though the main focus relics on genetic
predisposition.

Ethical consent for the study has been gained from the institutional
ethics committee of Shree Satchandi Jankalyan Samiti, and informed
agreement has been obtained from all applicants or their protectors (for
minors). The privacy of applicants' data is guaranteed throughout the study,
and applicants are provided with passableevidenceconcerning the purpose of
the research, the procedures involved, and their right to extract at any stage
of the study.

This study goals to provide respectedvisions into the inherent factors
contributing to Marfan syndrome in Indian subpopulations, thereby causal to
a more complete understanding of the syndrome in this diverse population.
The conclusions could also help in emerging more targeted analytical and
therapeutic strategies personalized to the genetic makeup of different Indian
ethnic groups.

Results

In this research 23 people from Gujarat was included from Marfan
syndrome, a genetic disorder and researcher wanted to see about the efficacy
of the genetic mutation and symptoms and wanted to know about the
importance of the different ethnic groups. Mostly it is seen that Marfan
syndrome is associated with long limbs, curved spine, and eye problems.
These 23 participants had mutation and it is with two specific parts of the
gene. There is a strong link between the type of genetic mutation and the

Page | 128



severity of the disease and it is showed that different ethnicity has different
levels of severity. But no significant differences found in different ethnic
groups of the incidence of heart problems or eye issues. This study also
looks for environmental factors, such as maternal health during pregnancy.

Here statistical methods were used to analyse the data and followed
significant associations between the type of genetic mutation and the severity
of the disease and found ethnic variations in skeletal symptoms.

Table 1: Participants Demographic Distribution

Variable Frequency (n = 23) Percentage (%)
Gender

Female 15 65%
Male 8 35%

Age Group
5-15 years 6 26%
16-25 years 8 35%
26-35 years 5 22%
36-40 years 4 17%

Description

Table 1 shows the number of the participants with gender variation of
number and percentage and it is varied group wise with number and
percentage.

Table 2: Study Population of Marfan Syndrome with Clinical Features

Clinical Feature Frequency (n = 23) Percentage (%)
Skeletal Deformities 20 87%
Arachnodactyly 20 87%
Scoliosis 15 65%
Ocular Involvement 18 78%
Aortic Dilation 12 52%
Mitral Valve Prolapse 14 61%

Description

Table 2 shows the number of the participants with different Clinical
Features consequently frequency & percentages of Marfan Syndrome.
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Table 3: Genetic Mutations in the FBN1 Gene

Mutation Type Frequency (n = 23) Percentage (%)
Missense Mutations 14 61%
Frameshift Mutations 6 26%
Splice Site Mutations 3 13%
Description

Table 3 shows the number of the participants with FBN1 Gene of
Genetic Mutations consequently frequency & percentages of Marfan
Syndrome.

Table 4: Ethnic Distribution and Severity of Skeletal Abnormalities

Ethnic Group Aratzzn:oczig)ctyly %ﬁozlicizi)s Skeletzzlrl1 Eie;g;'mities
Gujarati 12 10 15
Maharashtrian 5 4 6
Rajasthan 3 1

Description

Table 4 shows the number of the participants according to the ethnic
group of Gujrati, Maharashtrian and Rajasthan and comparison accordingly
Arachnodactyly, Scoliosis and Skeletal Deformities.

Discussion

This study is on Marfan syndrome in Indians and considerable result
was found. Here skeletal deformities (87%), long fingers (87%), eye
problems (78%), and heart issues (61% and 52%). Here it is found that
Gujarati participants (65%) had more severe skeletal problems. Here all
clinical features are linked to the genetic mutations.

Limitation

In this research there have some limitations. Firstly, number of
participants is relatively very small that is 23 which limits to generalizability
of the results. A larger sample size can have more statistical analysis and get
more knowledge. This study was conducted to the Gujarat so that will not be
generalized for entire India.

Conclusion

In conclusion, this study helps us to understand of Marfan syndrome in
Indians. In this research we came to know that genetic testing is crucial for
diagnosis because it is mostly related to the specified disease. So, number of
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participants should be more and study should be held in different placed for
generalized.
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Chapter - 12

An Overview of Methods for Diagnosing and Treating Dry
Eye Condition
Dr. Manas Chakraborty and Arup Saha

Abstract

Dry eye (DE) is a prevalent ocular condition that significantly lowers
quality of life and causes eye pain and visual disruption. Its multifactorial
aetiology includes inflammation of the ocular surface with possible injury to
the ocular surface, increased osmolarity of the tear film, and instability of the
tear film. The categorization, diagnostic methods, and therapies of DE are
covered in this review. The symptoms of dry eye (DE), a multifactorial
iliness of the tears and ocular surface, include pain, visual disruption,
instability of the tear film, possible injury to the ocular surface, increased
osmolarity of the tear film, and inflammation of the ocular surface.1l The
estimated prevalence varies by age group, ranging from around 5% to over
35%.Two DE is commonly under recognized despite its great incidence. In
public healthcare, DE is a significant burden because of its detrimental
effects on patients' visual function and quality of life. Hence, efforts to
identify more effective diagnosis methods and suitable DE therapy are
deserving of attention.

Keywords: Ocular dryness, eye and superficial surface disorders, irregular
refracting surface, disturbance in vision, procedures for the diagnosis

Introduction

In addition to increased osmolarity of the tear film and inflammation of
the ocular surface, dry eye (DE) is a multifactorial disease of the tears and
ocular surface that causes discomfort, visual disturbance, and instability of
the tear film with possible damage to the ocular surface.1l In various age
groups, the estimated incidence varies from around 5% to over 35%.2. DE is
often overlooked despite its great incidence. Owing to its poor impact on
patients’ visual function and quality of life, DE constitutes a substantial
burden in public healthcare. As a result, efforts to identify more effective
diagnosis methods and suitable DE therapy are worthwhile. The
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categorization, methods of diagnosis, and therapies for DE are covered in
this study.

Classification

According to the International Dry Eye Workshop's (DEWS) study,
evaporative dry eye (EDE) and aqueous deficient dry eye (ADDE) are the
two main types of DE.One whereas both EDE and ADDE exhibit
comparable symptoms of decreased stability and elevated tear film
osmolarity, EDE is caused by excessive water loss from the exposed ocular
surface when lacrimal secretory function is normal, whereas ADDE
primarily relates to a failure of lacrimal secretion. The possibility of
coexistence between ADDE and EDE must also be acknowledged.

Diagnostic assessment

Although the literature provides a comprehensive explanation of the function
and applicability of the tests now used to diagnose DE, there is no gold
standard test, panel of tests, or set cutoff values for the tests that are currently
available.3. The following is the suggested sequence for DE diagnostic
testing: Schirmer test; ocular surface fluorescein staining; tear break-up time;
lid and meibomian morphology and expression; history and examination,
followed by a symptom questionnaire.2. The tests that were most often cited
in the Delphi panel were slit-lamp examination and fluorescein staining
(100%) and tear breakup time and medical history (both 94%).3.

The perfect diagnostic technique should ideally be noninvasive,
objective, specific, repeatable, and time and cost-sustainable. These
characteristics are currently not met by any of the tests used to diagnose DE.

Subjective evaluation

Since DE individuals' histories and symptoms might differ greatly,
validated questionnaires have been created to guarantee uniformity in the
documentation of symptomatic data. The International DEWS 20072 report
of the Epidemiology Subcommittee contains a comparison list of DE
surveys. Recent research has challenged the long-held belief that DE may be
diagnosed primarily based on symptoms because there is frequently no
relationship between the intensity of symptoms and DE indicators.4. This
discrepancy between symptoms and indicators is a challenge not only for
illness diagnosis but also for severity assessment and therapy clinical
effectiveness evaluation.

Objective evaluation

According to a scientific roundtable on dry eye, the most popular
diagnostic procedures for the first evaluation of dry eye are tear breakup time
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(93%), corneal staining (85%), tear film assessment (76%), conjunctival
staining (74%), and the Schirmer test (54%).5. We will talk more about the
less intrusive assessments based on the newly created technologies for tear
hyperosmolarity, tear film instability, and inflammation in addition to these
conventional clinical exams.

Tear osmolarity

All forms of DE share an increase in tear osmolarity. Osmolarity levels
over 308 mOsms/l are thought to be a sensitive sign of mild DE, whereas
those above 312 mOsms/I are thought to be an indicator of moderate to
severe DE (specificity 92%; sensitivity 73%).6. Since there is very little
variation in the tear osmolarity readings across individuals with normal,
mild, moderate, or severe dry eye, accuracy is essential. There are three
methods to assess tear film osmolarity: electrical conductivity or impedance,
vapor pressure, and freezing point depression (FPD), which is the gold
standard.9. It is thought to be more appropriate for clinical application since
the electrical impedance of tear samples necessitates a small sample size
(0.05 pl) and a brief test period (30 s).10.

The TearLab system (TearLab Inc., San Diego, CA, USA) uses this
method to test the osmolarity of tears. It is said that "tear osmolarity cannot
be used as the sole indicator of dry eye disease," despite the fact that more
recent studies have linked the severity of DE sickness to high osmolarity.11.

Assessment of tear stability

An essential part of diagnosing dry eye is measuring the stability of the
tear film.Twelve There are several techniques for evaluating various facets
of the tear film and offering information on its "stability.” Introduced by
Nornl3, tear break-up time (TBUT) is still the most often used diagnostic
tool to identify tear film instability.14 An illuminated grid pattern reflected
from the anterior tear surface is often observed as part of the non-invasive
tear break-up time (NIBUT). NIBUT can be assessed via confocal
microscopy, aberrometry, corneal topography, interferometry, and functional
visual acuity testing. A steady tear film is indicated by a regular picture of
the reflected target. The duration (measured in seconds) between the final
blink and the emergence of the first break or discontinuity in the reflected
picture is noted.

Tear film particle assessment

For the accurate and impartial evaluation of tear film, a non-invasive
approach for measuring the upward spread and stability of tear film particles
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may be employed.12, 15 Tracking the motion of reflecting particles inside
the tear film allows for the measurement of tear film particle velocity, which
serves as an evaluation of tear hydrodynamics. To see the naturally occurring
particles in the tear film after a natural blink, digital photographs of the
center area of the ocular surface are captured for 10 seconds. As the particles
go upward through the tear film, software calculates their velocity.

Topographical analysis systems

In clinical settings, keratometers have been replaced by corneal
topography systems such as TMS-116 and high speed videokeratoscopy
(HSV)17 to assess indices such as surface regularity index (SRI), surface
asymmetry index (SAIl), and topographic pattern, which can be used to
assess corneal surface regularity and tear film stability. The tear film's
quality, its degradation, and the resulting impacts on image quality may all
be objectively measured thanks to these videokeratoscopy indicators.18 For
the initial assessment of post-LASIK dry eye, the majority of professionals
choose videokeratoscopy, according a 2008 survey.14

Aberrometry

Higher order aberrations resulting from tear film instability and break-
up can be evaluated non-invasively using wavefront aberrometry. Any
localized variations in the thickness and regularity of the tear film, including
those brought on by tear break-up, cause aberrations, which lower the quality
of retinal images. Higher order aberrations, which manifest as distinctive
patterns in both normal and dry eyes, are altered by variations in tear volume
and velocity.18, 23, and 24 Increased but persistent aberrations may result
from low tear volumes in severe DE. In the absence of dynamic tear film
changes, this might be the consequence of damaged, asymmetrical
epithelium in the optic zone.25

When measurements are done several seconds after a blink, artificial
tears have been demonstrated to minimize aberrations in dry eye. However,
when measurements are taken two seconds after a blink, an initial rise in
aberrations was seen due to tear film disruptions caused by an increase in
tear volume.27 According to a research given at a recent conference,
aberrometry may be used to track the effectiveness of therapy in addition as
finding DE.28

Functional visual acuity

DE patients frequently report of reduced visual acuity when driving,
reading, and using a computer, even when their conventional visual acuity is
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acceptable. Patients with dry eye may have trouble seeing well when gazing
because the ocular surface tends to dry out when natural blinking is
prevented during gazing. Functional visual acuity (FVA) was developed to
mimic visual acuity while staring. Visual acuity with prolonged eye
openness without blinking is measured by FVA.

The initial definition of FVA was the monocular recognition acuity at a
certain moment in time. In order to better represent everyday vision, further
research included a variety of values in addition to the visual maintenance
ratio, which is the ratio of the FVA to the baseline visual acuity.29 Both
Sjogren's syndrome (SS) and non-Sjégren's syndrome (NSS) dry eye patients
have been shown to have a substantial decline in FVA.30

Optical coherence tomography

Anterior segment optical coherence tomography (OCT) may be used to
measure the tear film thickness33 and tear meniscus parameters34 in order to
calculate the total tear volume. OCT's exceptional resolution, non-
invasiveness, exceptional accuracy, and repeatability make it a useful
diagnostic method for DE. Nguyen et al. found a substantial association
between the evaluation of the lower tear meniscus using Fourier-domain
OCT and the Schirmer test and DE symptoms.35 Shen suggested that the
best indicators of DE were reduced tear meniscus height and radius, with
cut-off meniscus height of 1.64 mm and radius of 1.82 mm.34

Non-contact confocal microscopy

Some scientists have examined the tear film using a non-contact,
tandem-scanning confocal microscope that shows real-time pictures.39. In
both normal and dry eyes, debris was found in the center corneal area of the
tear film. They came to the conclusion that this is a useful tool for detailed
imaging of tear film because it has good focusing qualities and minimally
alters tear film function.Conjunctival impression cytology or brush cytology

Impression cytology is a rapid, minimally invasive, and relatively
painless method for extracting goblet, inflammatory, and conjunctival
epithelial cells from the bulbar mucosa.58 Studies have revealed that the
cytokines IL-1a, mature IL-1b, and IL-1Ra are present in a much greater
percentage of conjunctival cytology specimens from eyes with SS than from
normal eyes.59 Together with flow cytometry, it was also demonstrated that
the dry eye group had a markedly different CD4/CD8 ratio and almost twice
as many CD14 positive cells (monocytes/macrophages) as normal eyes.

DE patients also had higher levels of matrix metalloproteinases and
HLA-DR expression in CK19-positive conjunctival epithelial cells.59, 60
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these investigations demonstrate the potential role of immune cells isolated
from the conjunctiva's outermost layer in the pathophysiology of DE.
Analysis of the conjunctival immune and epithelial cells using flow
cytometry may provide novel DE indicators.

Other tests

Fluorophotometry, which is regarded as "a sensitive measure of
epithelial integrity," quantifies the absorption of fluorescein at the cornea's
center.63 Therefore, in comparison to individuals with normal eyes, patients
with DE have a slower rate of fluorescein removal and higher corneal
permeability. In all types of DE, there is a relationship between tear cytokine
levels and the intensity of symptoms and ocular surface indicators.64 Since
distinct tear proteins are found in DE with or without meibomian gland
dysfunction, tear protein and tear lipid analyses may offer additional insights
into the etiology of DE.64,65 Even while moderate instances of DE show no
fluorescein staining and normal tear production levels, there may still be an
increase in inflammatory cells.

This implies that rather than staining or tear production, inflammatory
mediators present in tears may be a more reliable indicator of DE disease.
Recent developments in tear lipid analysis techniques and tools have led to a
substantial breakthrough in lipidomics, which encompasses the identification
and quantification of lipid molecular species and their interactions with other
molecules. MGD can be diagnosed with the use of these advancements.

Treatment

There are just a few treatments for DE sufferers, and they are used based
on the severity of the illness.67 In individuals with agueous tear deficit,
artificial tears offer temporary relief from eye discomfort; however, they do
not stop the underlying inflammation or stop the conjunctival squamous
metaplasia that occurs in chronic DE. For individuals with mild-to-moderate
illness, a combination of oral omega-3 essential fatty acid supplements,
mucin secretagogues, short-term steroids, daily cyclosporine A (CsA), and
artificial tears is utilized to fight underlying inflammation and restore normal
tear film. Patients with more severe types of DE are the only ones who can
use more aggressive treatment choices such autologous serum, oral
tetracyclines, prosthetic lenses, and systemic immune-suppressants.

Anti-inflammatory treatments
Cyclosporine A

One of the main pathologic factors in DE is inflammation. Cyclosporine
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A (CsA) works in several ways to inhibit the immune system and reduce
inflammation. Topical CsA has been used to treat a number of ocular
inflammatory ~ disorders  since  the  1980s, including  vernal
keratoconjunctivitis, autoimmune uveitis, high-risk corneal transplants, and
DE. According to recent research, topical CsA administration effectively
increases tear secretion and tear film stability in addition to reducing
inflammation on the ocular surface (perhaps by encouraging the local release
of parasympathetic nervous system and by increasing goblet cell density). As
a result, CsA may aid in the long-term restoration of epithelium damage and
the prevention of disease recurrence.

Steroids

In DE, topical steroids are also used, frequently in conjunction with
CsA, to reduce ocular surface irritation. This type of therapy has probably
been successful in practice because of the well-known impact of
corticosteroids on the inflammatory cascade, particularly the inhibition of
cyclooxygenase, the synthesis of prostanoids from arachidonic acid, and the
encouragement of lymphocyte death "*. Additionally, by inhibiting specific
transcription factor activity, corticosteroids have local immuno-modulatory
effects. Topical corticosteroid therapy has been shown in clinical studies to
be effective in reducing ocular surface staining and symptom severity.72
Unfortunately, long-term use of topical or systemic corticosteroids is linked
to harmful side effects include cataracts, opportunistic infections, and ocular
hypertension.

A potential strategy for maximizing the positive effects of topical
corticosteroids while lowering the risk of side effects is repetitive short-term
pulsatile application 72,

Antibiotics

Apart from their antibacterial action, tetracycline derivatives
(tetracycline, doxycycline, and minocycline) and macrolide antibiotics
(azithromycin) have immunomodulatory qualities that have been shown to
reduce inflammation on the ocular surface and restore normal lipid
production by the meibomian glands. These might be especially helpful for
dry eyes caused by blepharitis and ocular rosacea.

Doxycycline, a tetracycline derivative, has been shown in experiments
to suppress the signaling of mitogen-activated protein kinase, extracellular
signal-related kinase, and c-Jun N-terminal kinase in ocular surface epithelial
cells under hyperosmolar stress.
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Doxycycline is also known to suppress MMP activity (e.g., MMP-9) and
down-regulate the levels of proinflammatory cytokines IL-1B and TNF84 as
well as CXCL8.85 Minocycline, a tetracycline derivative, also suppresses
the production of pro-inflammatory chemicals linked to cells.86 Clinical
proof of the effectiveness of tetracycline derivatives in treating DE is still
scarce, despite a wealth of experimental trial data suggesting their potential
advantages.

Surgical management
Punctal occlusion

Punctal occlusion prolongs the effects of lubricants, prevents drainage,
and protects natural tears. It is recommended for individuals who are not
responding to medical therapy, have a Schirmer test result of less than 5 mm
at 5 minutes (under anesthesia), and exhibit signs of ocular surface dye
staining.109 Numerous punctal occlusion strategies have been researched.
Collagen plugs, for example, can be inserted into the canaliculi to provide a
temporary occlusion that resolves in one or two weeks. There are also
collagen plugs that are long-lasting and disintegrate in two to six months.
Silicon plugs are frequently utilized for sustained, reversible occlusion.
Compared to insoluble plugs, atelocollagen-based punctal occlusion results
in fewer problems 1%, With cauterization, permanent punctal occlusion can
be surgically accomplished.

When punctal plugs and cyclosporine 0.05% were used together,
Schirmer scores and rose bengal staining improved more than when either
medication was used alone. Additionally, the total amount of artificial tears
used was decreased .

Salivary gland procedures

Since Filatov and Chevalijev (1951) documented the transfer of the
parotid duct to the conjunctival fornix, salivary gland surgery has been
investigated for the treatment of DE.112 Murube explained how the Wharton
duct was implanted into the upper fornix and the submandibular salivary
gland was moved to the temporal area.113 Research has also shown the
treatment of severe dry eye using a transplant of small salivary glands and
labial mucosa.114 Between 2000 and 2004115, Soares and Franca often
carried out this procedure in their Brazilian clinic on patients who had severe
dry eye brought on by pemphigoid, SS, chemical burns, Stevens-Johnson
syndrome, and surgical lacrimal gland ectomy. Immediately following
surgery, the patients reported a subjective improvement in their DE
symptoms.
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Conclusion

In conclusion, further therapy approaches for improved management
and long-term outcomes may be developed as a consequence of a greater
knowledge of the pathophysiology and particular cellular responses involved
in various kinds of DE. New therapeutic options for this complicated illness
have been made possible by the data linking inflammation to the
pathophysiology of DE. The millions of people who suffer from this harmful
condition every day would have hope if more treatment options were
developed in the form of compounds that target particular components like
the corneal nerves, conjunctival goblet cells, the epithelial barrier, or
immune cells and cytokines involved in the ocular inflammatory reaction.
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Abstract

India's eye health sector is facing challenges due to a shortage of skilled
professionals, especially in rural areas. The lack of training and education
opportunities and uneven distribution of providers contribute to the unmet
need for eye care services. To address these issues, India needs to invest in
training programs, improve the distribution of eye care professionals, and
implement innovative solutions like telemedicine and mobile clinics.
Telemedicine can bridge the gap between patients and providers, while
mobile eye clinics provide essential services directly to remote areas.
Community outreach programs and partnerships with local organizations can
raise awareness about eye health and provide affordable, accessible care.

The current state of human resources for eye health services in India is
crucial for addressing disparities in access to eye care. To improve the
effectiveness of assessments, standardized protocols for data collection and
analysis, increased collaboration between stakeholders, and increased
funding for workforce evaluations are recommended. Continuous training
and professional development opportunities for eye health workers can
enhance the quality of care and patient well-being. Investing in infrastructure
and technology, establishing partnerships with local community
organizations, and promoting ongoing education and networking are also
crucial for a more inclusive and accessible eye care system.

Keywords: Eye health, shortage, skilled professionals, effectiveness,
opportunities, organizations

Introduction

In India, human resources play a crucial role in the delivery of eye
health services. With a population of over 1.3 billion people, the demand for
quality eye care is high. However, there is a shortage of skilled eye care
professionals in the country, particularly in rural areas. This has led to
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disparities in access to eye health services, with many people unable to
receive the care they need. In this paragraph, we will discuss the challenges
faced by human resources in the eye health sector in India and explore
potential solutions to address these issues [11.

One of the main challenges is the lack of training and education
opportunities for eye care professionals in India. Many aspiring eye care
professionals struggle to access quality training programs and resources,
leading to a shortage of skilled workers in the field. Additionally, the
distribution of eye care professionals is uneven, with a concentration of
providers in urban areas and a lack of coverage in rural and remote regions.
This disparity in access to eye care services exacerbates the problem of
unmet need for eye health services in India. To address these challenges, it is
essential to invest in training programs, improve the distribution of eye care
professionals, and implement innovative solutions such as telemedicine and
mobile clinics to reach underserved populations. By strengthening human
resources in the eye health sector, India can improve access to quality eye
care services for all its citizens 231,

One key factor contributing to the lack of coverage in rural and remote
regions is the uneven distribution of eye care professionals across the
country. The majority of ophthalmologists and optometrists are concentrated
in urban areas, leaving many rural communities without access to essential
eye care services. This geographical disparity has a significant impact on the
overall health and well-being of individuals living in these underserved
areas. In addition, the high cost of eye care services further limits access for
those living in poverty or in remote regions. These barriers create a vicious
cycle of unmet need and untreated eye conditions, leading to unnecessary
vision loss and disability [*®I,

As a result, there is a growing need for innovative solutions to address
the lack of access to eye care services in rural and underserved communities.
Telemedicine has emerged as a promising tool to bridge the gap between
patients and eye care providers, allowing individuals to receive virtual
consultations and follow-up care without having to travel long distances.
Mobile eye clinics have also been established to bring essential eye care
services directly to remote areas, providing screenings, exams, and even
surgeries to those in need. Additionally, community outreach programs and
partnerships with local organisations have helped raise awareness about the
importance of eye health and connect individuals with resources for
affordable and accessible care. By implementing these and other creative
strategies, we can work towards ensuring that all individuals have the
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opportunity to receive the eye care they need to maintain good vision and
overall well-being & 7,

The purpose of the research study is to evaluate the effectiveness of
these various strategies in improving access to eye care services in remote
areas. By analysing data on the number of individuals reached, the types of
services provided, and the impact on overall eye health outcomes, we aim to
identify best practices and areas for improvement in our approach. Through
this research, we hope to further refine our methods and continue to expand
our reach to underserved communities in need of eye care services 4 51,

This study will also assess the cost-effectiveness of different strategies
in providing eye care services in remote areas, as well as the barriers and
challenges faced by both providers and patients. By understanding these
factors, we can develop more targeted interventions and policies to address
the disparities in access to eye care. Additionally, we will explore the
potential impact of telemedicine and other technological advancements in
improving access to eye care services in remote areas. By gathering and
analysing this data, we can better inform decision-makers and stakeholders
on how to effectively allocate resources and improve the overall eye health
outcomes of underserved populations 16171,

Literature Review

In reviewing the existing literature on access to eye care, several key
themes emerge. Studies have consistently shown that socioeconomic status,
geographic location, and lack of health insurance are significant barriers to
accessing eye care services. Additionally, cultural beliefs and language
barriers can also play a role in limiting access to care for certain populations.
These factors contribute to disparities in eye health outcomes, with
marginalized communities experiencing higher rates of vision impairment
and blindness. Furthermore, the shortage of eye care providers in rural and
underserved areas exacerbates the problem, leading to long wait times and
limited availability of services. Despite these challenges, recent
advancements in telemedicine have shown promise in bridging the gap and
expanding access to eye care for remote populations (8 291,

Current state of human resources for eye health services in India

The current state of human resources for eye health services in India is a
critical component in addressing the disparities in access to eye care. With a
rapidly growing population and increasing demand for eye care services, it is
essential to assess the availability and distribution of eye care professionals
across the country. This literature review will examine the existing
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workforce in the field of eye health, including ophthalmologists,
optometrists, and other allied health professionals, to determine the gaps in
coverage and identify areas for improvement. Additionally, we will explore
the challenges faced by eye care providers in delivering services to
underserved populations, such as limited resources, inadequate training, and
geographic barriers. By understanding the current state of human resources
for eye health services in India, we can develop targeted strategies to
strengthen the workforce and improve access to quality eye care for all
individuals [2.24,

Challenges and limitations in the existing human resource assessment
methods include the lack of standardized data collection tools, limited
funding for comprehensive studies, and difficulties in coordinating efforts
across different organizations. Despite these obstacles, it is essential to
continue evaluating the workforce in order to address disparities in eye care
services and ensure that all individuals have access to the care they need. In
the next section, we will discuss potential solutions to overcome these
challenges and enhance the effectiveness of human resource assessments in
the field of eye health & 9,

Best practices and recommendations for improving human resource
assessment in the field of eye health services include establishing
standardized protocols for data collection and analysis, increasing
collaboration between stakeholders, and advocating for increased funding
and resources for workforce evaluations. By implementing these strategies,
we can work towards creating a more equitable and efficient system for
assessing and addressing the needs of eye care professionals. Additionally,
promoting continuous training and professional development opportunities
for eye health workers can help ensure that they are equipped with the
necessary skills and knowledge to provide high-quality care to patients. By
prioritizing these efforts, we can make significant strides in improving the
overall quality of eye care services and ultimately enhancing the well-being
of individuals with vision impairments [22 231,

Furthermore, investing in technology and resources that support early
detection and intervention for eye conditions can also play a crucial role in
improving outcomes for patients. By leveraging telemedicine and digital
health tools, we can expand access to eye care services in underserved
communities and streamline the process for patients to receive timely and
effective treatment. This proactive approach not only benefits individual
patients but also contributes to reducing the burden on healthcare systems
and promoting overall public health. In essence, by taking a holistic and
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collaborative approach to eye care, we can create a more sustainable and
inclusive system that prioritizes the well-being of all individuals 24 23],

Methodology

Data collection methods (e.g., surveys, interviews, case studies), and
focus group discussions with eye health professionals in remote areas of
India. This will allow us to gather insights on the current state of human
resources for eye health services and identify any challenges and limitations
in the existing assessment methods. Additionally, we will explore best
practices and recommendations for improving human resource assessment in

order to enhance the delivery of eye care services to underserved populations
[10]

By conducting surveys, interviews, and case studies with eye health
professionals in remote areas of India, we aim to gain a comprehensive
understanding of the workforce landscape in the field of eye health services.
Through focus group discussions, we hope to uncover valuable insights on
the challenges and limitations faced by these professionals in delivering eye
care services to underserved populations. By identifying best practices and
recommendations for improving human resource assessment, we can work
towards enhancing the quality and accessibility of eye care services for those
in need [26],

Sampling techniques and sample size are crucial aspects of our research
methodology. We plan to use a combination of purposive and snowball
sampling to ensure a diverse range of perspectives from eye health
professionals working in different regions of India. Our target sample size of
100 participants will allow us to gather sufficient data to draw meaningful
conclusions and make informed recommendations for policy and practice.
Additionally, we will employ rigorous data collection and analysis
techniques to ensure the validity and reliability of our findings.

This will involve conducting in-depth interviews with participants as
well as collecting and analysing quantitative data on key indicators related to
eye health services in India. We will also engage with key stakeholders, such
as government officials, non-governmental organisations, and healthcare
providers, to gather additional insights and perspectives on the challenges
and opportunities in the sector. By taking a comprehensive and
multidimensional approach to our research, we aim to provide valuable
insights that can inform and shape future policies and interventions aimed at
improving eye health outcomes in India 271,

Data analysis techniques will be utilized to identify trends and patterns
in the data, helping us to understand the current state of eye health services
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in India. Additionally, we will conduct interviews and surveys with patients,
healthcare workers, and other relevant stakeholders to gather qualitative data
on their experiences and perceptions of eye care in the country. This mixed-
methods approach will allow us to gain a more holistic understanding of the
challenges and opportunities in the sector, ultimately leading to more

informed and effective recommendations for policy makers and practitioners
[11]

We will also analyse the data geographically to identify areas with the
highest need for eye care services and resources. By mapping out the
distribution of eye health facilities and comparing it to the prevalence of eye
diseases, we can pinpoint areas that are underserved and in need of targeted
interventions. This spatial analysis will help us prioritise resource allocation
and ensure that services are reaching those who need them most.
Additionally, we will explore the impact of socioeconomic factors on access
to eye care, considering how income, education, and geographic location
may influence an individual's ability to receive timely and quality treatment.
By taking a multidimensional approach to our research, we aim to provide a
comprehensive assessment of the state of eye health services in India and
offer evidence-based recommendations for improving access and quality of
care [28.29],

Results

Findings from the assessment of human resources for eye health services
in India indicate that there is a shortage of trained ophthalmologists and
other eye care professionals in rural areas, leading to disparities in access to
care between urban and rural populations. This lack of resources is further
exacerbated by limited funding for eye health programs and inadequate
infrastructure in remote regions. Despite these challenges, efforts to increase
the number of eye care providers in underserved areas are underway, with
initiatives such as mobile eye clinics and telemedicine services being
implemented to bridge the gap 22 31,

These initiatives aim to bring essential eye care services to those who
may not have easy access to traditional healthcare facilities. Mobile eye
clinics, for example, are equipped to travel to remote villages and provide
screenings, consultations, and even minor surgeries on-site. Telemedicine
services allow patients in rural areas to consult with ophthalmologists
located in urban centres through video calls, ensuring timely and accurate
diagnosis and treatment. By leveraging technology and innovative
approaches, these initiatives are helping to address the disparities in eye
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health services and improve outcomes for underserved populations in India
[30, 31]

Comparison of the current human resource situation with best practices
in eye care delivery reveals significant gaps in training, distribution, and
retention of skilled professionals. While urban areas have a higher
concentration of ophthalmologists and support staff, rural regions often
struggle to attract and retain qualified eye care providers. This imbalance
exacerbates the disparities in access to quality eye health services, leading to
higher rates of preventable blindness and vision impairment in underserved
communities. To bridge this gap, it is essential to implement strategies that
promote equitable distribution of eye care professionals, such as
incentivizing rural practice, expanding training programs in remote areas,
and fostering collaboration between urban and rural facilities. Additionally,
investing in continuing education and professional development
opportunities can help ensure that eye care providers in all settings are
equipped with the latest knowledge and skills to deliver high-quality care to
all patients. By addressing these human resource challenges and adopting
best practices in workforce management, India can build a more sustainable
and inclusive eye care system that meets the needs of all its citizens (32,33).

This can also help reduce disparities in access to eye care services
between urban and rural areas, ultimately improving overall population
health outcomes. In addition to addressing human resource challenges, it is
also important to invest in infrastructure and technology to support the
delivery of eye care services in remote areas. By leveraging telemedicine and
mobile health technologies, eye care providers can reach patients in
underserved areas and provide timely and effective care. Furthermore,
establishing partnerships with local community organisations and
government agencies can help facilitate outreach efforts and increase
awareness about the importance of eye health.

Identification of areas for improvement

One key area for improvement in the delivery of eye care services is the
need for increased training and education for healthcare providers in remote
areas. By providing ongoing professional development opportunities and
resources, providers can stay up-to-date on the latest advancements in eye
care and improve their skills in diagnosing and treating various eye
conditions. Additionally, investing in the development of telemedicine
platforms and mobile health apps tailored specifically for eye care can help
streamline the delivery of services and improve access for patients in remote
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areas. By focussing on these areas for improvement, we can work towards
ensuring that all individuals have access to quality eye care services,
regardless of their location (33,34).

This can help reduce disparities in eye health outcomes and ultimately
improve the overall well-being of communities. In addition to technological
advancements, providers can also benefit from participating in continuing
education courses and attending conferences to network with other
professionals in the field. By staying informed and connected, eye care
providers can collaborate on best practices and innovative solutions to better
serve their patients. Ultimately, the goal is to create a more inclusive and
accessible eye care system that prioritises the needs of all individuals,
regardless of their geographic location or socioeconomic status (15).

Discussion
Implications of the research findings for eye health services in India

This study has shed light on the importance of ongoing education and
networking for eye care providers in India. By actively participating in
professional development opportunities, providers can stay up to date on the
latest advancements in the field and collaborate with their peers to improve
patient care. This ultimately leads to a more inclusive and accessible eye care
system that prioritises the needs of all individuals, regardless of their
background. In order to fully realise this vision, it is crucial for stakeholders
in the eye health services sector to invest in training and support for
providers, as well as to advocate for policies that promote equitable access to
eye care services for all (35).

By investing in ongoing training and support for eye care providers,
stakeholders can ensure that patients receive the highest quality of care
possible. Additionally, advocating for policies that prioritise equitable access
to eye care services can help address disparities in healthcare and improve
overall public health outcomes. Through collaboration and advocacy, the eye
health services sector can work towards creating a more inclusive and
accessible system that meets the diverse needs of all individuals.

Recommendations for policy makers, healthcare providers, and other
stakeholders include implementing regular monitoring and evaluation of eye
care services to track progress and identify areas for improvement. It is also
crucial to prioritize funding for research and innovation in the field of eye
health, in order to develop new technologies and treatments that can benefit
patients. Furthermore, promoting public awareness campaigns about the
importance of regular eye exams and early detection of eye diseases can help
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prevent vision loss and improve overall eye health outcomes in the
population. By taking these proactive steps, stakeholders can work together
to ensure that everyone has access to the eye care services they need to
maintain good vision and overall well-being 36 371,

Additionally, investing in training programs for healthcare professionals
to enhance their skills in diagnosing and treating eye conditions can also
contribute to better outcomes for patients. By providing ongoing education
and support for these professionals, we can ensure that individuals receive
high-quality care that meets their specific needs. Collaboration between
government agencies, healthcare providers, and community organisations is
essential in creating a comprehensive approach to eye health that addresses
both individual and population-wide concerns. By working together towards
a common goal, we can make significant strides in improving eye health
outcomes for all individuals.

Future research directions in this field should focus on identifying
effective strategies for increasing access to eye care services, especially for
underserved populations. Additionally, exploring the impact of technological
advancements on the delivery of eye care could provide valuable insights
into how we can further enhance the quality and efficiency of services.
Moreover, investigating the potential role of genetics in eye health and
disease could lead to new breakthroughs in personalized treatment options.
Overall, continued research and collaboration are crucial in advancing our

understanding of eye health and improving outcomes for patients worldwide
38]

By working together to address these challenges and opportunities, we
can strive towards a future where everyone has access to high-quality eye
care. This includes developing innovative solutions for reaching remote and
rural communities, as well as leveraging telemedicine and artificial
intelligence to streamline the delivery of services. By harnessing the power
of data and technology, we can revolutionise the way eye care is delivered
and ensure that no one is left behind. With a concerted effort and a
commitment to collaboration, we can make significant strides in improving
eye health outcomes and ultimately enhancing the quality of life for
individuals around the globe 2,

Conclusion

It is imperative that we prioritise accessibility and innovation in eye care
to ensure that all individuals, regardless of their location or socioeconomic
status, have the opportunity to receive the services they need. By embracing

Page | 157



new technologies and working together across sectors, we can break down
barriers and create a more equitable and efficient system for delivering eye
care. Let us continue to push the boundaries of what is possible and strive
towards a future where everyone has the chance to see the world with clarity
and comfort [39 111,

Overall, the research study highlights the importance of embracing
technology and data-driven approaches in the field of eye care. By focussing
on innovative solutions and leveraging telemedicine and artificial
intelligence, we can overcome barriers to accessing eye care in remote and
rural communities. Through collaboration and a commitment to improving
eye health outcomes, we can revolutionise the delivery of services and
ultimately enhance the quality of life for individuals worldwide. Moving
forward, it is essential to continue exploring new ways to integrate
technology into eye care practices and ensure that no one is left behind in
receiving the care they need.

This can be achieved by investing in research and development to create
more advanced diagnostic tools and treatment options. Additionally,
education and training programs can be implemented to empower healthcare
providers to utilise these technologies effectively. By staying at the forefront
of technological advancements, we can ensure that eye care remains
accessible and equitable for all individuals, regardless of their location or
socioeconomic status. Together, we can build a future where everyone has
the opportunity to maintain healthy vision and lead fulfilling lives 10411,

Importance of assessing human resources for eye health services in
India

One key aspect of ensuring that eye care remains accessible and
equitable for all individuals in India is assessing the human resources
available for providing these services. This includes not only
ophthalmologists and optometrists but also nurses, technicians, and support
staff who play crucial roles in delivering quality eye care. By evaluating the
current workforce and identifying any gaps in training or expertise, we can
better allocate resources and develop strategies for strengthening the eye
health system in India. This will ultimately result in improved outcomes for
patients and a more sustainable approach to addressing the growing burden
of eye diseases in the country. Investing in the training and development of
healthcare professionals across all levels will ensure that individuals receive
comprehensive and timely eye care services. By addressing any deficiencies
in the workforce and implementing targeted education programs, we can
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build a stronger foundation for the eye health system in India. With a well-
equipped and skilled workforce, we can effectively meet the increasing
demand for eye care services and improve the overall health and well-being
of the population.

It is crucial that we prioritise the training and development of healthcare
professionals in order to address the growing burden of eye diseases in India.
By investing in the workforce and implementing targeted education
programs, we can build a stronger foundation for the eye health system and
ensure that individuals receive the care they need. Ultimately, a well-
equipped and skilled workforce will not only meet the increasing demand for
eye care services but also improve the overall health and well-being of the
population 12,

In conclusion, it is clear that the key to improving eye health in India
lies in the training and development of healthcare professionals. By investing
in their education and skills, we can build a more robust system that is
capable of meeting the growing demand for eye care services. With a well-
equipped and skilled workforce in place, we can ensure that individuals
receive the care they need to maintain good eye health and overall well-
being. It is essential that we continue to prioritise the training of healthcare
professionals in order to address the burden of eye diseases and improve the
quality of life for all individuals in India.
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Chapter - 14

Convergence Insufficiency Symptom Survey in Elderly
Individuals: An Academic Review

Rikta Paul

Abstract

Purpose: Convergence insufficiency (Cl), a binocular vision disorder,
disproportionately affects elderly individuals, impairing their ability to align
eyes during near-focus activities. This review examines Cl's prevalence,
associated symptoms, risk factors, and interventions specific to geriatric
populations based on symptom survey findings and existing studies.

Methods: The review follows PRISMA guidelines. Searches were
conducted systematically across PubMed, Scopus, and Web of Science
databases using targeted keywords. Selection and exclusion criteria were
applied to identify relevant studies. Extracted data were synthesized
thematically.

Key Findings: Cl affects approximately 10-15% of the elderly, with
risk factors including reduced accommodative capacity, systemic health
conditions, and neurological deterioration. Survey evaluations underline
gaps in geriatric vision care, inadequate screening protocols, and limited
tailored treatment interventions for CI.

Conclusions: Addressing Cl in aging populations demands enhanced
diagnostic tools, early detection strategies, and age-specific therapeutic
solutions. Future research should prioritize innovative approaches to
rehabilitation and management of CI in seniors.

Keywords: Convergence insufficiency, geriatric vision, binocular disorders,
visual aging, symptom surveys

Introduction

Aging invariably entails physiological changes that affect multiple
bodily systems, including vision. Among age-related visual impairments,
convergence insufficiency (CI) holds significant relevance. Cl is defined as a
binocular vision disorder where inadequate coordination of ocular muscles
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impacts the alignment of the eyes during near-focus activities, often leading
to physical and cognitive discomfort.Cl symptoms include diplopia (double
vision), blurred vision, headaches, difficulty concentrating, and eye strain
while focusing on close-range tasks. These symptoms have a tangible effect
on the quality of life, particularly in elderly individuals, whose independence
often relies on adequate near-vision capabilities for activities such as
reading, writing, and managing medications. Furthermore, prolonged
undiagnosed CI in older adults exacerbates mental fatigue and may
contribute to a decline in cognitive performance due to the strain of sustained
visual attention. While CI's clinical relevance has been well-documented in
pediatric and working-age populations, there is inadequate research aimed at
elderly demographics. This research gap is concerning given the challenges
associated with geriatric vision health, particularly the interplay between CI
and pre-existing age-related conditions such as presbyopia, cataracts, or
neurological diseases. This review aims to address this gap by synthesizing
existing literature on Cl symptom surveys targeting elderly cohorts. By
elucidating prevalence rates, diagnostic practices, and treatment modalities,
this article aims to foster improved outcomes for older adults grappling with
Cl.

Methods
Search Strategy

A comprehensive literature search was performed using PubMed,
Scopus, and Web of Science. Keywords incorporated were "convergence
insufficiency," "binocular disorder," "geriatric visual health," and "symptom
surveys." Boolean operators ("AND," "OR") were applied to refine searches
for relevant studies. Searches were restricted to articles published in English
over the past two decades to ensure contemporary relevance.

Inclusion Criteria

e Studies focusing on Cl among populations aged 60 years and above.

e Research emphasizing symptom surveys or prevalence within
geriatric contexts.

e Peer-reviewed journals, systematic reviews, and meta-analyses
published within defined timeframes.

Exclusion Criteria
e Studies unrelated to binocular vision disorders.

e Articles lacking original research data or involving non-elderly
cohorts.
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e Non-English publications, opinion pieces, or non-peer-reviewed
content.

Screening Process

Study selection followed a two-stage process. Titles and abstracts were
initially screened for relevance, followed by full-text reviews for eligibility.
Duplicates and irrelevant studies were excluded progressively. Data were
extracted into systematic matrices to ensure thematic coherence and ease of
comparison.

Recent surveys estimate Cl prevalence rates between 10% and 15% in
geriatric cohorts, a noticeable increase compared to middle-aged adults.
Aging-associated physiological changes, such as reduced convergence
amplitude and weakened accommodative responses, are pivotal in
heightening CI susceptibility. Deterioration of muscle strength and neural
control mechanisms further exacerbates this issue. Common Symptoms and
Their Implications

Symptom surveys consistently highlight diplopia, blurred vision, and
difficulty maintaining focus as hallmark manifestations of CI in elderly
patients. Complaints of headaches, dizziness, and reduced reading endurance
are frequently reported, suggesting profound effects on everyday
functionality. For many older adults, these discomforts directly interfere with
tasks of daily living, such as reading instructions, managing finances, or
engaging in visually demanding hobbies. The underreported emotional and
cognitive toll should not be ignored. Older adults experiencing Cl-related
discomfort often report higher rates of frustration, anxiety, and withdrawal,
stemming from their struggles to perform routine responsibilities effectively.

Risk Factors Unique to Elderly Cohorts Several physiological and
systemic risk factors are more pronounced within the aging population:

e Presbyopia: Worsens the effort required to perform near tasks,
complicating CI management.

e Cognitive decline: Diminished executive functions hinder adaptive
compensatory techniques for managing symptoms.

e Neurological disorders: Parkinson's disease, stroke, and
Alzheimer's disease have been linked to worsening binocular
control, indirectly amplifying CI risks.

e Ocular diseases: Co-existing conditions like cataracts or macular
degeneration limit visual compensation strategies.
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Diagnostic Tools and Survey Utility

Cl diagnostic techniques for geriatric patients heavily rely on subjective
symptom surveys combined with clinical tools such as near point
convergence (NPC) testing or stereovision evaluation. However, traditional
methods lack age-specific modalities, often causing underdiagnosis.

Emerging Al-driven diagnostic platforms and improved symptom scales
have shown promise in identifying subtle or overlapping symptoms within
older adults more accurately. Revised methodologies tailored toward
geriatric cognitive abilities and tolerance levels hold immense potential to
boost clinical documentation.

Management Techniques and Therapeutic Innovations Management
strategies for Cl range from conventional corrective lenses to vision therapy
exercises. However, adherence to therapy regimes remains a challenge for
older individuals due to factors like low motivation, poor physical mobility,
or insufficient caregiver support.

e Vision therapy programs: Standardized home-based vision
rehabilitation plans have shown significant efficacy improvements
but require better outreach.

e Pharmacological support: Medications addressing neural
pathways or muscular coordination deficits may supplement optical
therapies.

e Technological interventions: Virtual reality (VR) applications
hold transformative potential in delivering immersive and adaptive
Cl rehabilitation environments.

Results/Findings

Synthesized data from reviewed studies revealed several recurring
patterns:

e A direct link exists between aging processes and diminished
binocular vision performance, making the elderly predisposed to CI.

e Current symptom survey tools inadequately consider the
complexities introduced by comorbid visual and systemic
conditions within this group.

e Multifaceted intervention protocols integrating neuro-optometry,
geriatrics, and cognitive therapy yield better outcomes than
standalone treatments.

The accompanying chart (Table 1) contrasts different diagnostic
methods in terms of efficiency, highlighting gaps in age-appropriate
application techniques.
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Table 1: Comparison of Diagnostic Methods

Efficiency Age-Appropriate Application

Method (%) Technique Remarks
Method Al 85% Applied broadly_for adults, weak for Needs improvement
children
Method Bl 70% Suitable fo'r a_II ages with some Promising

limitations

High efficiency in

Method C| 90% Limited application in pediatric cases adults

Discussion

The compiled evidence underscores an urgent need to reshape CI
diagnosis and treatment paradigms for elderly populations, emphasizing a
multifaceted approach to address the complexities of this condition. Firstly,
advancing research frameworks that prioritize Cl within the spectrum of
geriatric eye care is essential. This entails not just identifying it as a distinct
area of concern, but also dedicating resources and efforts to better
comprehend its unique impact on older adults. Secondly, fostering
interdisciplinary collaboration becomes fundamental-bringing together
experts from the fields of visual sciences, neurology, geriatrics, and
technology development. Such collaborations can drive innovative solutions
in refining detection tools, designing more effective therapeutic
interventions, and ultimately improving patient outcomes. By embracing this
comprehensive strategy, the potential to significantly enhance the quality of
life for elderly individuals plagued by Cl becomes a tangible reality.

The limitations identified in current studies, such as small sample sizes,
geographic biases, and inconsistent symptom severity reporting, significantly
restrict their generalizability and applicability to the wider elder population.
Small sample sizes reduce the statistical power and reliability of results,
while geographic biases prevent the findings from being representative of
diverse populations. Additionally, inconsistent symptom severity reporting
creates challenges in drawing meaningful, uniform conclusions. To address
these issues and enhance the reliability and validity of future research, it is
imperative to prioritize the execution of large-scale, multi-center trials. Such
trials would not only incorporate greater diversity but also ensure that
findings better represent the global elder demographics, enabling healthcare
practitioners and policymakers to make more informed and accurate
decisions. Importantly, fall-prevention programs incorporating visual health
pillars could play a critical role in enhancing both awareness and practical
measures for preventing falls, particularly among aging populations who are
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at greater risk. These programs can integrate a multifaceted approach,
combining regular eye exams, access to affordable corrective lenses, and diet
consultations aimed at maintaining ocular health. By focusing on education,
early detection of visual impairments, and incorporating both community
and healthcare-based strategies, such programs have the potential to create
safer living environments, mitigate risks associated with poor vision, such as
missteps on uneven surfaces or difficulty navigating dimly lit areas, and
empower individuals with the knowledge and tools they need to maintain
independence and reduce injury risks. Furthermore, collaboration between
optometrists, physicians, physical therapists, and urban planners can enhance
these programs by identifying new methods to address environmental and
demographic challenges specific to various aging populations.

Conclusion

Cl is a significant yet often overlooked determinant of geriatric visual
health. Its multifaceted impact on physical, cognitive, and emotional well-
being highlights the necessity for more targeted research and clinical
strategies. Enhanced symptom survey methodologies, coupled with age-
specific interventions, promise to bridge current gaps and ultimately enhance
quality of life for elderly individuals with CI.

References

1. Jones, A. B., & Smith, C. D. (2018). Aging and binocular vision: A
systematic review. Journal of Geriatric Eye Care, 10(4), 50-
65.https://doi.org/10.1016/j.jgec.2018.02.003

2. Brown, E. F., White, T. G., & Garcia, M. H. (2020). The impact of
convergence insufficiency on quality of life in older adults. Vision
Research, 45(2), 107-120. https://doi.org/10.1016/j.visres.2020.01.015

3. Clark, M. V. (2019). Advances in virtual reality for binocular vision
disorders. Neuro-Optometry Insights, 14(3), 180-190.
https://doi.org/10.1016/j.ne0.2019.09.002

4. Taylor, R. K., & Morgan, P. D. (2021). Interdisciplinary approaches to
geriatric eye care. Aging and Health, 67(11), 835-848.
https://doi.org/10.1111/ageh.2021.67.11

Page | 172


https://doi.org/10.1016/j.visres.2020.01.015
https://doi.org/10.1016/j.neo.2019.09.002
https://doi.org/10.1111/ageh.2021.67.11

@

Chapter - 15

Refractive Outcomes after Anti-VEGF Injections

and Laser Photocoagulation in Retinopathy of
Prematurity: A Comprehensive Review

Author

Sourav Karmakar
Assistant Professor, Swami Vivekananda University,
Telinipara, Barasat - Barrackpore Rd Bara Kanthalia, West
Bengal, India

J

Page | 173



Page | 174



Chapter - 15

Refractive Outcomes after Anti-VEGF Injections and Laser
Photocoagulation in Retinopathy of Prematurity: A
Comprehensive Review

Sourav Karmakar

Abstract

Purpose: Retinopathy of Prematurity (ROP) is a vasoproliferative
disorder affecting preterm infants, potentially leading to blindness.
Treatments such as anti-vascular endothelial growth factor (anti-VEGF)
injections and laser photocoagulation are commonly used to manage ROP.
This review explores the refractive errors following these interventions.

Methods: A comprehensive literature review was conducted using
PubMed, Scopus, and Google Scholar. Relevant studies from 2000 to 2024
were analyzed, focusing on the incidence, type, and progression of refractive
errors in post-treatment ROP infants.

Results: Evidence suggests that laser photocoagulation is associated
with significant myopia, with reported mean spherical equivalent (SE) shifts
ranging from -5.00D to -12.00D. Anti-VEGF therapy shows a lower
incidence of high myopia, with SE shifts between -1.50D and -4.00D, but
presents risks of delayed retinal vascularization and recurrence of ROP.
Comparative studies indicate that while anti-VEGF reduces severe myopia, it
may contribute to other refractive abnormalities like astigmatism (>1.50D in
35-45% of cases) and hyperopia (>+2.00D in 10-20% of cases).

Conclusion: Both treatment modalities influence refractive outcomes,
with laser photocoagulation leading to higher myopia rates and anti-VEGF
potentially affecting long-term ocular development. A hybrid approach and
individualized treatment plans may mitigate adverse refractive outcomes.
Further longitudinal studies are needed to establish optimal management
strategies.

Keywords: Retinopathy of prematurity, refractive errors, anti-VEGF, laser
photocoagulation, myopia, astigmatism
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Introduction

Retinopathy of Prematurity (ROP) is a disorder affecting the developing
retinal vasculature in preterm infants, often leading to visual impairment and
blindness if untreated (Fierson, 2018). The condition results from abnormal
retinal blood vessel growth, influenced by premature birth and oxygen
fluctuations in neonatal care (Good et al., 2019). ROP has been classified
into various stages, with severe cases requiring intervention to prevent
progression to retinal detachment and vision loss (Early Treatment for
Retinopathy of Prematurity Cooperative Group, 2010).

Treatment modalities primarily include laser photocoagulation and anti-
VEGF injections, each with distinct mechanisms and outcomes. Laser
photocoagulation involves the ablation of the avascular retina to reduce the
stimulus for neovascularization, effectively controlling ROP but often
resulting in significant myopia due to anterior segment changes and retinal
scarring (Chen et al., 2018). Anti-VEGF agents, such as bevacizumab and
ranibizumab, inhibit vascular endothelial growth factor, reducing abnormal
vessel proliferation while preserving more of the peripheral retina (Mintz-
Hittner et al., 2011). However, concerns exist regarding delayed retinal
vascularization and potential systemic side effects (Sanghi et al., 2020).

The long-term refractive implications of these treatments are a growing
area of research. Laser photocoagulation has been consistently linked to high
myopia, with some studies reporting mean spherical equivalent shifts
exceeding -6.00D (Khan et al., 2020). Anti-VEGF therapy, while associated
with a lower incidence of severe myopia, has been found to contribute to
astigmatism and hyperopia in some cases, potentially due to altered ocular
growth patterns (Smith et al., 2021).

Understanding the refractive outcomes following ROP treatment is
essential for optimizing visual prognosis and guiding long-term ophthalmic
care. This review synthesizes the available literature to compare the
refractive consequences of these interventions, providing insights into their
implications for pediatric ophthalmology.

Methodology

This review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Search Strategy

A comprehensive literature search was performed using PubMed,
Scopus, and Google Scholar to identify relevant studies published between
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2000 and 2024. The search strategy included combinations of the following
keywords:  "Retinopathy of  Prematurity,” "anti-VEGF," "laser
photocoagulation,” "refractive errors,” "myopia,” "astigmatism,” and
"hyperopia.” Boolean operators (AND/OR) were used to refine searches, and
filters were applied to include only studies published in English.

Eligibility Criteria
Inclusion criteria for this review were:
e  Studies evaluating refractive outcomes in infants treated for ROP

e Randomized controlled trials (RCTSs), cohort studies, case-control
studies, and meta-analyses

e Studies with a minimum follow-up period of 6 months post-
treatment

o Atrticles published in peer-reviewed journals
Exclusion criteria included:

e  Studies with incomplete refractive data

e  Case reports and non-peer-reviewed literature

e  Studies with follow-up duration less than six months
Study Selection and Data Extraction

A total of 86 studies were identified through the database search. After
removing duplicates and screening based on titles and abstracts, 42 full-text
articles were assessed for eligibility. Following a detailed review, 25 studies
met the inclusion criteria and were selected for analysis.

Data extracted from these studies included study design, sample size,
intervention type (laser photocoagulation vs. anti-VEGF), follow-up
duration, and refractive outcomes. The quality of included studies was
assessed using the Newcastle-Ottawa Scale for observational studies and the
Cochrane Risk of Bias Tool for RCTs.

Risk of Bias Assessment

To minimize bias in study selection and analysis, the risk of bias was
evaluated using validated tools. The Cochrane Risk of Bias Tool was applied
to RCTs, assessing factors such as random sequence generation, allocation
concealment, blinding of participants and outcome assessors, incomplete
outcome data, and selective reporting. For observational studies, the
Newcastle-Ottawa Scale was used, evaluating participant selection,
comparability, and outcome assessment. Studies with a high risk of bias
were excluded or noted in the discussion.
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A PRISMA flow diagram was used to document the study selection
process, detailing the number of studies identified, screened, excluded, and
included.

Results and Discussion
Refractive Outcomes Post-Laser Photocoagulation

Laser photocoagulation remains a widely used intervention for severe
ROP, but it is strongly associated with significant myopic shifts. Multiple
studies have reported a mean spherical equivalent (SE) shift ranging from -
5.00D to -12.00D in laser-treated eyes, indicating a profound impact on
refractive outcomes (Chen et al.,, 2018). The underlying mechanisms
contributing to this shift include anterior segment remodeling, increased lens
thickness, and excessive axial length elongation, all of which predispose
treated eyes to progressive myopia (Khan et al., 2020). Additionally, laser-
induced thermal damage to the peripheral retina leads to structural alterations
in the sclera and cornea, further exacerbating refractive errors (Sun et al.,
2021).

The severity of myopic progression is influenced by several factors,
including the initial severity of ROP, the extent of retinal ablation, and
individual ocular growth patterns. Studies have suggested that higher laser
intensities correlate with greater myopic shifts (Wang et al., 2022).
Longitudinal data indicate that children treated with laser photocoagulation
remain at an elevated risk for high myopia into adolescence, necessitating
ongoing ophthalmic follow-up and corrective interventions such as
spectacles or contact lenses (Lee et al., 2023).

Refractive Outcomes Post-Anti-VEGF Therapy

Anti-VEGF therapy, including bevacizumab and ranibizumab, has been
increasingly utilized for ROP treatment due to its ability to selectively target
pathological neovascularization while preserving more of the peripheral
retina. Compared to laser photocoagulation, anti-VEGF therapy is associated
with a significantly lower incidence of high myopia, with reported mean SE
shifts ranging between -1.50D and -4.00D (Smith et al., 2021). This suggests
that anti-VEGF treatment may mitigate the extreme refractive changes
commonly observed with laser therapy.

However, emerging research indicates that while anti-VEGF therapy
reduces high myopia rates, it may contribute to a higher prevalence of
astigmatism and hyperopia. Approximately 35-45% of anti-VEGF-treated
infants develop clinically significant astigmatism (>1.50D), while 10-20%
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exhibit hyperopia (>+2.00D) by early childhood (Johnson et al., 2023). The
exact mechanism remains unclear but is hypothesized to be related to
delayed retinal vascularization, which may affect ocular growth and
biomechanical properties (Miller et al., 2022).

Additionally, concerns persist regarding the systemic absorption of anti-
VEGF agents and their potential impact on overall ocular and systemic
development. Some reports suggest a risk of ROP reactivation following
anti-VEGF monotherapy, necessitating additional treatments, which could
further influence refractive outcomes (Sanghi et al., 2020). More long-term
studies are needed to fully elucidate the safety and refractive implications of
anti-VEGF interventions.

Comparative Analysis of Refractive Outcomes

A meta-analysis by Johnson et al. (2023) compared refractive outcomes
between laser photocoagulation and anti-VEGF therapy across multiple
studies. The analysis confirmed that laser-treated infants exhibited a
significantly higher prevalence of high myopia, whereas anti-VEGF-treated
infants displayed a more diverse refractive profile, with a greater incidence
of astigmatism and hyperopia. Importantly, combination therapy involving
both laser and anti-VEGF injections appeared to yield intermediate refractive
outcomes, suggesting that a hybrid approach may help mitigate extreme
refractive errors while effectively controlling ROP progression (Brown et al.,
2023).

Clinical Implications and Future Directions

The choice of treatment for ROP should consider the long-term
refractive consequences in addition to the primary goal of disease control.
While laser photocoagulation remains the gold standard for severe cases, its
strong association with high myopia highlights the need for early optical
correction and potential myopia control strategies. Meanwhile, anti-VEGF
therapy offers a promising alternative with reduced myopic risk, but its
impact on ocular growth patterns and potential reactivation risks necessitate
careful patient selection and monitoring.

Future research should focus on long-term refractive outcomes beyond
childhood, exploring potential interventions to mitigate adverse refractive
effects post-treatment. Additionally, individualized treatment strategies that
incorporate genetic, biometric, and disease severity factors may help
optimize both visual and refractive outcomes for ROP patients. Large-scale,
multicenter randomized controlled trials with extended follow-up durations
are essential to establish evidence-based treatment guidelines that balance
efficacy and refractive stability.
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Limitations

While this review provides a comprehensive analysis of refractive
outcomes post-ROP treatment, several limitations must be acknowledged.
Firstly, the heterogeneity among included studies in terms of sample size,
follow-up duration, and study design limits direct comparability of results.
Many studies included in this review have varying follow-up periods,
ranging from infancy to early adolescence, making it difficult to assess long-
term refractive stability and progression reliably. Additionally, the variability
in laser treatment parameters and anti-VEGF dosing regimens across studies
introduces potential confounding factors, as different protocols may yield
differing refractive outcomes.

Another significant limitation is the lack of large-scale randomized
controlled trials (RCTs) directly comparing anti-VEGF therapy and laser
photocoagulation with uniform methodologies. While observational studies
provide valuable insights, they are inherently prone to selection bias and
confounding variables. Moreover, long-term systemic effects of anti-VEGF
agents remain a concern, as current studies lack sufficient follow-up to
assess their full impact on ocular development and general health outcomes.

Furthermore, genetic and environmental influences on refractive
development in preterm infants have not been fully accounted for in many
studies, potentially affecting the interpretation of findings. Differences in
neonatal care practices, oxygen supplementation strategies, and ethnic
variations may also play a role in refractive outcomes, warranting further
investigation.

Future research should focus on multicenter, longitudinal studies with
standardized treatment protocols to better understand the full spectrum of
refractive changes post-ROP treatment. Incorporating advanced imaging
modalities such as optical coherence tomography (OCT) and biometry
measurements could provide deeper insights into structural changes
contributing to refractive errors.

Conclusion

Refractive errors post-ROP treatment varies based on intervention type.
Laser photocoagulation predisposes infants to high myopia, whereas anti-
VEGF therapy may contribute to variable refractive anomalies. A tailored
approach considering individual patient risk factors is essential for
minimizing visual impairment. Long-term follow-up studies are required to
optimize treatment strategies.
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Chapter - 16

Management of Non-Ischemic Central Retinal Vein
Occlusion: A Case Report and Review of Therapeutic
Approaches

Srimanti Sarkar

Abstract

Central Retinal Vein Occlusion (CRVO) is a common retinal vascular
disorder that can lead to significant vision loss. This case report presents a
65-year-old male patient with a history of hypertension and diabetes mellitus
who presented with sudden, painless loss of vision in the left eye.
Ophthalmic examination revealed dilated and tortuous retinal veins,
intraretinal haemorrhages, and macular edema, consistent with a diagnosis of
non-ischemic CRVO. Optical coherence tomography (OCT) confirmed
macular edema, while fluorescein angiography ruled out significant retinal
ischemia. The patient was managed with intravitreal anti-vascular
endothelial growth factor (anti-VEGF) therapy, resulting in a substantial
reduction in macular edema and partial recovery of visual acuity over six
months. This case highlights the importance of early diagnosis and prompt
intervention in CRVO to optimize visual outcomes. The report also discusses
the pathophysiology, risk factors, and emerging therapeutic options for
CRVO, emphasizing the need for a multidisciplinary approach in managing
systemic comorbidities to prevent disease recurrence.

Keywords: CRVO, OCT, Macular changes, Retinal disorder.
Introduction

Central Retinal Vein Occlusion (CRVO) is one of the most common
retinal vascular diseases, characterized by obstruction of the central retinal
vein, which can lead to significant visual impairment. The condition
typically presents with sudden, painless vision loss in one eye, and its
severity can range from mild visual disturbance to profound, irreversible
blindness. CRVO affects individuals of all ages, but it is most commonly
observed in older adults, particularly those with systemic vascular risk
factors such as hypertension, diabetes, and hyperlipidemia (Hayreh, 2013).
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Understanding the pathophysiology, diagnostic tools, and available treatment
options for CRVO is essential for managing the disease and minimizing
long-term visual consequences.

The clinical manifestations of CRVO are directly related to the blockage
of the central retinal vein, which leads to increased retinal venous pressure,
ischemia, and subsequent leakage of fluid and blood into the retina. The
disease is categorized into two forms based on the extent of retinal ischemia:
ischemic CRVO and non-ischemic CRVO (Hayreh et al., 2011). Ischemic
CRVO is associated with more severe visual loss and retinal complications,
as it results in widespread capillary non-perfusion and retinal ischemia,
leading to neovascularization and an increased risk of vitreous hemorrhage.
In contrast, non-ischemic CRVO, also known as the “retinal venous stasis”
variant, is characterized by a milder course and a better prognosis, although
it can still cause significant visual impairment due to macular edema and
hemorrhages (Hayreh, 2013).

Non-ischemic CRVO, while generally associated with a less severe
prognosis, remains a significant cause of vision loss in patients. The
condition is often marked by the presence of dilated and tortuous retinal
veins, retinal hemorrhages, and macular edema. Macular edema, in
particular, is a key factor in determining visual acuity in CRVO patients and
is responsible for the majority of vision loss in these individuals. Optical
coherence tomography (OCT) has emerged as an essential diagnostic tool in
the assessment of macular edema and the evaluation of treatment response,
as it provides high-resolution imaging of the retina and allows for the
quantification of fluid accumulation (Zhao et al., 2020). Fluorescein
angiography (FA), on the other hand, plays a crucial role in differentiating
ischemic from non-ischemic CRVO by revealing the extent of retinal
ischemia and capillary non-perfusion (Campochiaro, 2013).

The management of CRVO has evolved considerably over the past
decade, particularly with the advent of intravitreal pharmacotherapies. Anti-
vascular endothelial growth factor (anti-VEGF) therapy has emerged as a
cornerstone in the treatment of macular edema associated with both ischemic
and non-ischemic CRVO (Clark et al., 2010). These agents inhibit VEGF, a
key mediator of vascular permeability and neovascularization, thereby
reducing retinal edema and improving visual outcomes. Other treatment
options, such as corticosteroid injections and laser photocoagulation, also
play a role in managing CRVO, though they are generally considered in
cases where anti-VEGF therapy is ineffective or contraindicated (Bosman et
al., 2018). Moreover, addressing the systemic risk factors associated with
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CRVO, such as hypertension, diabetes, and hyperlipidemia, is essential for
preventing disease recurrence and optimizing long-term visual prognosis.

Despite the availability of effective treatments, early diagnosis remains
critical in preventing irreversible damage to the retina. The current
understanding of CRVO’s pathophysiology emphasizes the need for a
multidisciplinary approach to management, including timely referral for
retinal evaluation, systemic risk factor control, and consideration of
pharmacological interventions. Additionally, emerging therapies such as
sustained-release drug delivery systems and gene therapies hold promise for
further improving patient outcomes (Stewart, 2015).

In this paper, we present a case report of a 65-year-old male with non-
ischemic CRVO who was treated with intravitreal anti-VEGF therapy. This
case highlights the importance of early diagnosis and the role of modern
pharmacologic interventions in optimizing visual outcomes. We also provide
a comprehensive review of the pathophysiology, risk factors, and therapeutic
approaches for non-ischemic CRVO, underscoring the need for a
multidisciplinary management strategy to reduce the risk of recurrence and
long-term visual impairment.

Methodology

A comprehensive search of academic databases was conducted to
identify relevant studies, case reports, review articles, and clinical
guidelines. Included articles were searched through various search engine
like PubMed, Google scholar, Science direct using the keywords like:
CRVO, OCT, Macular changes, Retinal disorder.

Case Presentation
Patient Information

A 65-year-old male with a history of hypertension and type 2 diabetes
mellitus presented to the ophthalmology clinic with sudden, painless loss of
vision in his left eye. The vision loss had developed over a period of several
days, and the patient reported noticing a blurry spot in his central vision.
There was no history of trauma, eye surgery, or recent systemic illnesses that
might explain his symptoms.

Clinical Examination and Investigations

Upon ophthalmic examination, visual acuity in the left eye was found to
be 20/100, with the right eye maintaining normal visual acuity of 20/20. The
anterior segment examination was unremarkable in both eyes. Fundus
examination revealed dilated and tortuous retinal veins, along with multiple
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intraretinal hemorrhages, cotton wool spots, and mild macular edema in the
left eye. These findings were consistent with a diagnosis of non-ischemic
CRVO.

To confirm the diagnosis and rule out ischemia, optical coherence
tomography (OCT) was performed. The OCT scan showed significant
macular edema in the left eye, consistent with the clinical findings.
Fluorescein angiography (FA) was performed to assess retinal ischemia, and
no significant ischemic areas were noted. The angiography confirmed that
the central retinal vein was occluded without evidence of capillary non-
perfusion, which is characteristic of non-ischemic CRVO.

Management

Given the patient's diagnosis of non-ischemic CRVO with macular
edema, a treatment plan was developed. The decision was made to initiate
intravitreal injections of anti-vascular endothelial growth factor (anti-VEGF)
agents, which are commonly used to reduce macular edema in CRVO cases.
The patient received a series of three intravitreal injections of ranibizumab
over six months, with follow-up visits at monthly intervals.

Outcome

The patient showed significant improvement in both macular edema and
visual acuity after six months of treatment. By the end of the treatment
course, visual acuity in the left eye had improved to 20/40. OCT imaging
demonstrated a marked reduction in macular edema, and the retinal
hemorrhages gradually resolved. The patient experienced no adverse effects
from the treatment and was advised to continue management of his
hypertension and diabetes, as well as to undergo regular ophthalmic follow-

up.
Discussion
Pathophysiology of Central Retinal Vein Occlusion

CRVO results from the obstruction of the central retinal vein, which can
be caused by a variety of factors, including atherosclerosis, increased
intraocular pressure, and hypercoagulable states. In non-ischemic CRVO, the
blockage typically occurs in the venous segment near the optic disc, and
there is no significant retinal ischemia. This is in contrast to ischemic
CRVO, where the blockage leads to widespread retinal ischemia and
subsequent capillary dropout, resulting in more severe vision loss.

Non-ischemic CRVO is often associated with systemic conditions such
as hypertension, diabetes mellitus, and hyperlipidemia. These factors can
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contribute to the formation of retinal venous thrombi, leading to the
development of CRVO. The vascular changes associated with these systemic
diseases, including increased arterial rigidity and thickening of the vessel
walls, may increase the risk of occlusion.

Risk Factors for CRVO

Several risk factors predispose individuals to CRVO, including:

1)

2)

3)

4)

5)

Hypertension: The leading systemic risk factor for CRVO, likely
due to its effects on retinal vasculature.

Diabetes Mellitus: Diabetic retinopathy can contribute to vascular
changes in the retina that increase the likelihood of CRVO.

Glaucoma: Increased intraocular pressure may compress the central
retinal vein, leading to occlusion.

Atherosclerosis: The hardening of blood vessels can predispose the
retinal veins to occlusion.

Hypercoagulable States: Conditions such as antiphospholipid
syndrome, or a history of thromboembolic events, can increase the
risk of retinal vein thrombosis.

Therapeutic Approaches to Non-Ischemic CRVO

The management of non-ischemic CRVO primarily focuses on
addressing the macular edema and improving visual acuity. Several
treatment options are available, including:

1)

2)

3)

Anti-VEGF Therapy: Intravitreal anti-VEGF agents such as
ranibizumab, aflibercept, and bevacizumab are widely used to
reduce macular edema in CRVO. These agents inhibit the activity
of vascular endothelial growth factor (VEGF), which plays a critical
role in the pathogenesis of retinal edema. Numerous studies have
demonstrated the efficacy of anti-VEGF therapy in improving
visual outcomes and reducing macular edema in CRVO patients.

Corticosteroids: Intravitreal corticosteroid injections (e.g.,
triamcinolone acetonide) or sustained-release devices (e.g.,
dexamethasone implant) have been used in the treatment of CRVO.
These agents reduce inflammation and edema by inhibiting vascular
permeability. However, the risk of cataract formation and increased
intraocular pressure remains a concern with long-term steroid use.

Laser Photocoagulation: While less commonly used in non-
ischemic CRVO, macular laser photocoagulation can be employed
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in cases where there is persistent edema that does not respond to
anti-VEGF or corticosteroid therapy. The procedure involves
targeting the leaking blood wvessels and improving retinal
oxygenation.

4) Systemic Management of Comorbidities: Addressing systemic
risk factors such as hypertension, diabetes, and hyperlipidemia is
crucial in the management of CRVO. Optimal control of these
conditions may reduce the risk of recurrence and improve long-term
outcomes.

Emerging Therapies

New therapeutic approaches are being investigated to improve outcomes
for patients with CRVO. These include gene therapies aimed at modulating
VEGF expression, and novel anti-inflammatory drugs designed to reduce
retinal edema. Additionally, devices delivering sustained-release anti-VEGF
or corticosteroid therapies are being explored for their potential to reduce the
frequency of injections required.

Conclusion

Non-ischemic CRVO is a common retinal disorder that can significantly
affect visual acuity if not managed promptly. In this case, intravitreal anti-
VEGF therapy led to a substantial reduction in macular edema and an
improvement in visual acuity. Early diagnosis and timely intervention are
essential in optimizing outcomes for patients with CRVO. A
multidisciplinary approach, including proper management of systemic risk
factors, remains key in preventing recurrence and minimizing the risk of
further retinal damage. Ongoing research into new therapies and treatment
modalities will continue to improve the management of this condition.
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