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Editorial 

 

Dear Readers 

Season’s Greetings  

 

Hope all is well. The Subharti Journal of Interdisciplinary Research was started with the chief 

objective of publishing the quality, original and has a high visibility and readership. It has 

achieved the objective to some extent but still a lot needs to be done in terms of the publishing 

novel work We at the editorial office are continuously striving to make this journal interesting, 

conversant and reverent with a high degree of success thus upholding the name 

interdisciplinary. With this issue we present to you the first issue of 2021. A big thank you and 

shout out to all the contributors for this issue of Subharti Journal of Interdisciplinary Research.   

Taking the liberty of divulging from the journal for a few moments, it is for everyone to note that 

the COVID is back and the virus is more infectious, uglier, mightier and wreaking the havoc on 

the human race especially across India. It is effecting the younger generation way more heavily 

and the numbers succumbing to the disease are much more than before. Let’s observe a 

moment of silence for all those who succumbed to COVID 19. The mantra is to stay away from 

each other (observe social distancing), maintaining hand hygiene and wearing masks whenever 

in crowded places. Prevention seems to be the best form of cure for the disease. Stay Safe, 

Stay Happy and Stay Healthy. These times too shall pass.   

I hope that this journal is living up to everyone’s expectations. I once again seek your support 
and look forward to welcoming your submissions for next issue and your valuable suggestions 
are eagerly awaited. 

 

Happy Reading 

Dr Vijay Wadhwan  

Editor-in-Chief  

journal@subharti.org   

mailto:journal@subharti.org
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Abstract 
Molecular docking is an established in-silico structure-based method widely used in drug discovery. Docking 
enables the identification of novel compounds of therapeutic interest, predicting ligand-target interactions at a 
molecular level, or delineating structure-activity relationships (SAR),without knowing a priori the chemical structure 
of other target modulators. Although it was originally developed to help understanding the mechanisms of 
molecular recognition between small and large molecules, uses and applications of docking in drug discovery have 
heavily changed over the last years. In this review, we describe how molecular docking was firstly applied to assist 
in drug discovery tasks. Then, we illustrate newer and emergent uses and applications of docking, including 
prediction of adverse effects, poly-pharmacology, drug repurposing, and target fishing and profiling, discussing also 
future applications and further potential of this technique when combined with emergent techniques, such as 
artificial intelligence. 

Keywords: Molecular docking, Drug discovery, Drug repurposing, Reverse screening. 
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Introduction 
The experimental screening of large libraries of 
compounds against panels of molecular targets like as 
High-Throughput Screening (HTS), has represented 
the gold standard for discovering biologically active 
hits. However, the high costs required to establish and 
maintain these screening plat form soften hamper their 
use for drug discovery [1]. Moreover, considering the 
recent developments in computer technology and the 
rapid increase of structural, chemical, and biological 
data available on an ever-growing number of 
therapeutic targets, it is easily understandable how the 
use of in silico approaches as chemoinformatics, 
molecular modeling, and artificial intelligence (AI) has 
significantly increased in the last decades [2,3,4]. 
Indeed, in-silico approaches now enable the virtual 
screening of millions of compounds in an affordable 
time, thus reducing the initial costs of hit identification 
and improving chances of finding the desired drug 
candidates. At present, several molecular modeling 
techniques are available to facilitate drug discovery 
tasks, most of them being classified into structure-
based and ligand-based approaches. 
Structure-based methods rely on the information 
derived from the knowledge of the 3D structure of a 
target of interest, and they allow ranking databases of 
molecules according to the structural and electronic 
complementarity of ligands to a given target [5,6]. In this 
context, molecular docking is among one of the most 
popular and successful structure-based in silico 

methods, which help predict the interactions occurring 
between molecules and biological targets[7]. This 
process is generally accomplished by first predicting 
the molecular orientation of a ligand within a receptor, 
and then estimating their complementarity through the 
use of a scoring function. Since its first appearance in 
the mid-1970s, docking has proved to be an important 
tool to help understanding how chemical compounds 
interact with their molecular targets, and for drug 
discovery and development. As a matter of fact, the 
number of studies reporting: (i) the use of molecular 
docking to identify structural determinants necessary 
for efficient ligand-receptor binding, and (ii) the 
development of more accurate docking methods, have 
heavily increased since its first appearance [8–

21].Among the first and more interesting studies on the 
use of docking in drug discovery and biology is the 
one from Kuntz et al. in the early 1980s [13]. In this 
study, the authors described a computational method 
enabling the exploration of geometrically feasible 
ligand-receptor alignments for the known heme-
myoglobin/metmyoglobin and thyroxine/prealbumin 
structures [13]. This study was not the first to employ 
docking for predicting potential conformations of 
molecular complexes [9]. However, itreported for the 
first time the use of a simplified function containing 
solely the terms “hard sphererepulsions” and 
“hydrogen bonding” to describe protein-ligand 
interactions, which strongly differed from previous 
studies [21, 22]. Moreover, the authors were also the first 
to consider the receptor as a solid rigid body, whose 

Review Article 
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binding site is constituted by “pockets”. Interestingly, 
the method adoptedin this study was able to predict 
structures close to those of already reported X-ray 
complexes, and also to find protein conformations that 
could be used for energy refinement and eventually 
design novel ligands [13]. Since then, molecular 
docking underwent dramatic improvements, for 
example, by employing flexible algorithms in the 
calculations [21,23–26]. Moreover, it also started to be 
used for the design and optimization of compounds 
with therapeutic interest. An example of this comes 
from a study of Ring et al., in which several structure-
based drug design methods, including docking, were 
performed to identify novel non-peptidic inhibitors of 
enzymes of the serine and cysteine protease families 
[27]. The results achieved in this work further 
consolidated the use of computer-aided structure-
based drug-design methods for assisting the 
development of lead compounds [27]. 
Given the potential offered by this method, increasing 
efforts have been directed towards the improvement of 
docking algorithms and for overcoming its intrinsic 
limitations [28–30]. Indeed major limitations 
characterizing docking include a restricted sampling of 
both ligand and receptor conformations in pose 
prediction, and the use of approximated scoring 
functions, which very often provide results that do not 
correlate with the experimental binding affinities [31,32]. 
Nevertheless, the application of docking in drug design 
is limited to biological targets for which crystal 
structures are known. Several approaches have been 
adopted to overcome this latter limitation. For 
example, the unavailability of 3D structures is often 
bypassed by building homology models derived from 
structural templates with highly-homologous 
sequences. Moreover, these methods could also be 
used in tandem with molecular dynamics (MD) to 
further validate and refine the in-silico modeled 
complexes [33–35].Nevertheless, the recent progress in 
structural biology and crystal structure determination, 
which are progressively increasing the accessibility to 
experimentally derived ligand-target complexes [36–39], 
will certainly mitigate this issue. In silico strategies, 
including molecular dynamics, have also been widely 
used to explore the conformational space of the 
investigated targets, ligands, and ligand-target 
complexes, and thus better describing the dynamic 
behavior of ligand-target complexes and refining the 
docking results [34,40]. More rigorous virtual screening 
methodologies have also been developed to improve 
the docking-based ligand-target complex predictions 
[32]. Indeed, these post-docking refinement and 
rescoring methods are of great interest in drug 
discovery because they usually provide higher hit 
rates in virtual screening campaigns and allow better 
correlation with experimental data [23,32]. A number of 
reviews discussing the role and applications of 
docking, and the possibilities it could offer in drug 
design and development, have been reported [34]. 
However, it should be noted that the uses and 
applications of docking have been changing since its 
first appearance. In fact, although it was first 
developed to investigate molecular recognition 
between large and small molecules, it is now also 
widely used to assist different tasks of drug discovery 
programs, such as hit identification and optimization, 
drug repositioning, a posteriori target identification 

(reverse screening), design, and repositioning (Figure 
1) [35]. Moreover, docking allows understanding the 
relationships between different molecular targets 
involved in a given disease, which is also of high 
relevance for poly pharmacology [36] and modern drug 
discovery in general. 

 

Fig.1. Applications of molecular docking 

 
Molecular docking is currently employed to help 
rationalizing ligands activity towards a target of interest 
and to perform structure-based virtual screening 
campaigns, similarly to as when it was first developed. 
Beside these applications, it can also be used to 
identify series of targets for which the ligands present 
good complementarity (target fishing and profiling), 
some of them being potentially responsible forum 
expected drug adverse reactions (off-targets 
prediction). Moreover, docking is also currently 
employed for the identification of ligands that 
simultaneously bind to a pool of selected targets or 
interest (polypharmacology) and for identifying novel 
uses for chemical compounds with already optimized 
safety profiles (drug repositioning).In particular, the 
use of this technique has broadened towards novel 
drug discovery horizons, fueled by the improvement of 
docking algorithms and by the increase of the publicly 
accessible information on ligands and targets. For 
example, thanks to the improved speed and prediction 
power, docking has also been embedded into large-
scale screening protocols to identify. [37] 
 

Rational Design Approaches 
The possibilities offered by molecular docking in drug 
discovery are well established [3]. However, docking 
presents intrinsic limitations that limit its prediction 
performances, the most relevant being reported in the 
previous section. Although docking has been mainly 
used as a standalone method for drug design, it is now 
often integrated into workflows that include other 
computational methods, such as ligand-based, 
structure-based, and AI approaches (Fig.2) [38]. This 
helps to account for some of the most relevant 
limitations. 

.  
Fig. 2. Rationales of molecular docking 

Integration of docking with ligand-based, molecular 
dynamics, binding free energy approaches, artificial 
intelligence (AI), and statistical methods. According to 
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the available information, different in-silico approaches 
can be combined with docking to generate integrated 
workflows with improved prediction performances. 
Different approaches can also be combined to 
integrate docking (e.g., molecular dynamics and 
binding free energy estimations can be combined with 
docking to improve virtual screening results). Likewise, 
different approaches can also be applied at different 
phases of the screening workflow to improve docking 
predictions. For example, molecular dynamics could 
be combined with AI-based methods to identify 
suitable receptor conformations for docking. Then, 
ligand-based approaches could be applied for 
rescoring the predicted docking poses [25]. 
In particular, ligand-based approaches have been 
used to select suitable protein conformations for 
docking screenings [28]. The ability of docking to 
discriminate active compounds from decoys can 
strongly depend on the used protein structures and the 
similarity degree of the screened ligands with those 
co-crystallized in the employed target conformations 
[26,27]. In this regard, Broccatelli et al. recently reported 
a study in which different ligand-based methods have 
been applied for the selection of protein conformations 
for docking, comparing the performance of different 
protocols in retrieving known CDK2 inhibitors within 
two distinct datasets [29].  
Ligand-based approaches have also been used to 
improve the prediction performance of docking 
screenings, e.g., by measuring the 3D similarity 
between the binding conformation predicted by 
docking and the experimental conformation of the 
ligand co-crystallized in the employed protein 
conformation [31].  
Standing on current literature data, the combination of 
ligand-based and structure-based approaches allows 
to heavily improve the prediction power, and thus hit-
rates, in virtual screening campaigns. However, it 
should also be noted that the possibility to apply 
ligand-centered methods in tandem with docking could 
be explored solely for those targets that have at least 
one reported co-crystallized ligand. Structure-based 
approaches, such as molecular dynamics and binding 
free energy estimations, have also widely been used 
in combination with docking to improve virtual 
screening results. In particular, MD allows to evaluate 
residues flexibility in the target binding site, as well as 
to explore larger conformational changes potentially 
accessible to a given protein. Therefore, it represents 
an efficient tool to identify receptor conformations for 
docking and to evaluate the stability of the predicted 
complexes. The possibilities offered by MD in 
prospective in silico screening are particularly 
appealing for flexible targets with a limited number of 
reported crystallographic conformations. An example 
of this comes from a study of Wang et al. , who have 
performed classical MD simulations in explicit solvent 
to evaluate the stability of the α-helical structure of 
amyloid β42 (Aβ42), thus identifying a representative 
protein conformation to perform virtual screening of 
commercially available compounds. This approach 
allowed the selection of a set of compounds to be 
experimentally validated, five of them showing 
inhibition of Aβ42 aggregation in the micromolar 
range. Moreover, one of the identified hits also 
displayed inhibition of BACE1, which plays a key role 
in the pathogenesis of Alzheimer’s disease.  In this 

study, in particular, the authors firstly performed MD 
simulations on three flexible targets (the purine 
nucleoside phosphorylase PNP, the A2A receptor, and 
the ABL1 tyrosine-protein kinase) in search of novel 
protein conformations. Then, they performed 
clustering via the K-medoids method on the calculated 
molecular dynamics trajectories to identify MD-derived 
representative conformations of the investigated 
targets. Finally, the performance of the FLAP docking 
program in discriminating active from inactive 
compounds extracted from DUD-e, which is a 
database useful to benchmark and validate docking 
protocols, was assessed. LDA was used to 
automatically select the best combination of protein 
templates among MD-derived representative and 
experimentally observed structures yielding the best 
screening results. Altogether, the discussed examples 
demonstrated how the inclusion of classical MD in 
docking-based protocols could improve virtual 
screening performances, especially when dealing with 
highly flexible targets. More advanced enhanced 
sampling techniques, such as umbrella sampling, 
meta dynamics [16,23.35], and replica exchange MD , 
can also be applied to identify protein conformations 
for docking screening. Indeed, these techniques, 
which allow exploring a protein conformational 
landscape far larger with respect to that of standard 
MD simulations, have already been applied to study 
protein flexibility and function and to identify additional 
binding pockets that could be exploited for the design 
of novel inhibitors. However, it should be noted that 
the application of these advanced methods is 
computationally more demanding with respect to 
standard MD. 
Combinations of docking with standard molecular 
dynamics and binding free energy estimations have 
also been recently explored to account for protein 
flexibility and to improve virtual screening predictions, 
respectively. In fact, results of currently available 
docking algorithms might be affected by poor 
conformational sampling. Moreover, they might 
provide inaccurate binding energy estimations derived 
by approximate scoring functions [21,28,34]. Indeed, 
several scoring functions based on different algorithms 
and concepts, which can be classified into empirical, 
knowledge-based, and force field-based, have been 
developed for docking so far. However, all of them 
employ a series of mathematical functions with 
approximations that do not accurately take into 
account some thermodynamic elements of the binding 
energy to allow the fast prediction of ligand-target 
complex affinity. Several approaches have been 
adopted to account for these issues so far. 
The more advanced and computationally expensive 
free energy prediction methods Free Energy 
Perturbation (FEP), Thermodynamic Integration (TI), 
and funnel metadynamics can also be used for the 
post-processing of docking results. More recently, a 
method that combines MD and TI and was able to 
provide accurate binding affinities. The performance of 
their protocol was validated on five well-characterized 
proteins involved in several physiological processes. 
However, although the latter approaches are more 
accurate than docking scoring functions, or even other 
free energy methods as MM-PBSA and MM-GBSA, in 
predicting ligand-protein affinity, they are 
computationally expensive, therefore potentially less 
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suitable for the screening of large libraries of 
compounds.  Very recently, statistical and Artificial 
Intelligence approaches have also gained a foothold in 
drug discovery. In fact, these methods allow to easily 
exploiting the ever-growing source of information 
contained in publicly available structural, chemical, 
and bioactivity databases, leading to more accurate 
binding affinity predictions. In particular, machine 
learning (ML) approaches, including Random Forest 
(RF)  and Support Vector Machines (SVM), have been 
applied for improving the docking-based binding 
affinity predictions.[36,37] 
 

Reverse Screening for Target  
Docking has also been recently used for a variety of 
other purposes in drug discovery. In particular, 
Reverse Docking (RD), which allows predicting the 
biological targets of a molecule of interest, represents 
a valuable approach for computational target fishing 
and profiling.[35] 
Several docking approaches and algorithms are 
available to enable the reverse screening of a ligand 
towards a library of protein structures and to assess 
their binding affinity. However, the application of these 
approaches requires suitable libraries of targets. 
Indeed, several databases are currently available to 
help performing RD screenings. Among one of the 
most known databases to facilitate computational 
target identification is PDTD [34], which provides 
information about protein structures, diseases, 
biological functions, and drugs. Moreover, tailored 
libraries of targets can also be manually built upon 
publicly available databases of crystal structures and 
binding pockets, such as the Protein Data Bank 
(PDB), sc-PDB, Pocketome, and Therapeutic Target 
Database (TTD). In particular, the PDB and TTD 
databases represent well-known reservoirs of 
information developed to help facilitating 
computational, molecular and structural biology, and to 
provide data about targets and diseases, respectively. 
The sc-PDB and Pocketome databases were instead 
developed for comparing protein cavities, better 
describing the ligand-protein pharmacophoric 
properties and for target identification via pocket-
based virtual screening, and to benchmark docking 
screenings, respectively. Although these libraries of 
targets were not specifically developed for target 
fishing and profiling, they allow covering large 
structural spaces of the known proteome. However, it 
should be noted that the preparation of such libraries 
is a time-consuming task because each structure in 
the databases requires to be properly prepared for the 
docking calculations [20]. 
 

Prediction of Adverse Drug Reactions 
The early identification of drug side effects is of high 
interest in drug discovery. In fact, it is well known that 
most of the drug candidates fail clinical trials because 
of side effects deriving from unexpected interactions 
with off-targets. Moreover, post-marketing side effect 
analyses on approved drugs (i.e., pharmacovigilance) 
are also important because they allow revealing 
potential safety risks that often could not be detected 
within clinical trials. Several computational approaches 
are currently available to assist this task. However, 
most of them require a satisfactory amount of 
bioactivity data or of already reported adverse effects 

as an input for the model training. Interestingly, 
molecular docking needs solely the structural 
information of the targets to perform its predictions. 
Therefore, it represents a valuable approach to predict 
potential side effects of compounds at early phases of 
clinical and pre-clinical developments, or on marketed 
drugs with not yet reported exhaustive drug labels and 
bioactivity records. Indeed, applications of RD 
screening for identifying drug adverse effects have 
already been reported in the literature. [26,27] 
 

Polypharmacology 
To avoid potentially harmful side effects, the 
pharmaceutical industry focused on the development 
of highly selective drugs. However, the high attrition 
rates in the late stages of clinical trials due to a lack of 
therapeutic efficacy have moved modern drug design 
towards polypharmacology, which refers to the 
identification of ligands that hit a set of selected, 
therapeutic-relevant targets. In this context, molecular 
docking can provide valuable opportunities because it 
allows the identification of chemical scaffolds that 
efficiently and simultaneously bind to a pool of 
selected targets of interest. Indeed, several studies 
related to the use of docking for the design of novel 
multi-target ligands have already been reported. 
Moreover, its utility for de novo poly pharmacology 
design has also been reviewed. The design of multi-
target ligands on rational grounds is challenging 
.Moreover, the selection of protein conformations to be 
used for docking can heavily affect the success of the 
design .This is especially true when dealing with 
targets with structurally distant binding sites. 
Considering how difficult it can be to design multi-
target ligands, docking is now generally applied in 
combination with other in-silico approaches. In 
particular, several studies reporting the identification of 
multi-target ligands are based on the combination of 
docking screening with pharmacophore modeling .For 
example, we recently reported the identification of the 
first Hsp90/B-Raf dual inhibitors, demonstrating that 
sub-structure pre-filtering and pharmacophore-guided 
docking can be efficiently combined to search for 
polypharmacology ligands that bind to structurally 
unrelated targets. However, workflows integrating 
docking with other in silico techniques have also been 
pursued for de novo multi-target drug design and 
polypharmacology in general.[15,16,17] 
 

Drug Repositioning 
Drug repositioning, or repurposing, represents an 
established drug discovery approach that allows 
identifying novel therapeutic uses for already approved 
drugs, candidate compounds under clinical evaluation, 
natural products, or already synthesized ligands in 
general. Given the wealth of information reported on 
ligands, targets and diseases into publicly available 
databases, increasing efforts have been made on the 
application of in silico repositioning-based discovery 
strategies over the last decades. Indeed, in silico 
repositioning approaches have already demonstrated 
to provide novel valuable opportunities for drug 
discovery and development.[18,20,21] 
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Conclusion: 
Modalities by which docking is used to assist the 
different tasks of drug discovery have also changed 
along the years. In particular, although it was initially 
developed and used as a standalone method, docking 
is now mostly employed in combination with other 
computational approaches within integrated workflows. 
This allows to overcome some of the most relevant 
intrinsic limitations characterizing molecular docking, 
such as the non-exhaustive conformational sampling 
and the use of approximate scoring functions. The 
application of combined approaches usually results in 
improved prediction performances and allows to better 
exploit the information coming from different sources. 
Indeed, applications of combined workflows, including 
docking, have been explored to assist different tasks 
of drug discovery. For example, docking has been 
used in tandem with ligand-based, molecular 
dynamics, binding free energy calculations, and AI 
approaches to improve the prediction performances in 
de novo virtual screening, as well as to assist target 
fishing, ADRs prediction, polypharmacology, and drug 
repurposing, as discussed.  
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ABSTRACT 
Green Chemistry with its twelve principles would like to see changes in the conventional chemical synthesis and 
the use of less toxic starting materials. Green Chemistry would like to increases the efficiency of synthetic methods, 
to use less toxic solvents, reduce the stages of the synthetic routes and minimize waste as far as practically 
possible. In this way, chemical synthesis will be part of the effort for sustainable development. Microwave assisted 
synthesis has revolutionized chemical synthesis. Small molecules can be built in a fraction of the time required by 
conventional methods. In conventional heating methods oil bath or hot plate are used as a source of heat to a 
chemical reaction Microwave irradiation is widely used as a source of heating in chemical synthesis. The basic 
mechanisms observed in microwave assisted synthesis are dipolar polarization and conduction. Microwave-
assisted synthesis provides clean synthesis with the advantage of enhanced reaction rates, higher yields, greater 
selectivity, and economic for the synthesis of a large number of organic molecules, have provided the momentum 
for many chemists to switch from conventional heating method to microwave assisted chemistry. Microwave-
assisted synthesis is rapidly becoming the method of choice in modern chemical synthesis and drug discovery. The 
present article will highlight the applications of microwave-assisted synthesis in organic synthesis, inorganic 
synthesis, polymer synthesis, nanotechnology, peptide synthesis and discuss the basic mechanism involved in 
microwave heating. 
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Introduction 
The term Green Chemistry is becoming the worldwide 
term used to describe the design of chemical products 
and processes that reduce or eliminate the use or 
generation of substances hazardous to human 
health.[1] The term was coined by the US 
Environmental Protection Agency and has been 
defined as: the utilization of a set of principles that 
reduce or eliminate the use or generation of 
hazardous substances in the design, manufacture and 
application of chemical products[2,3] This goal can be 
achieved by use of twelve principles of Green 
Chemistry which are as follows.  
(1) It is better to prevent waste than to treat or clean 
up waste after it has been created. 
(2) Synthetic methods should be designed to 
maximize the incorporation of all materials used in the 
process, into the final product. 
(3) Synthetic methods should be designed to use and 
generate less hazardous/toxic chemicals. 
(4) Chemical products should be designed to affect 
their desired function while minimizing their toxicity. 
(5) The use of solvents and auxiliary substances 
should be made unnecessary wherever possible and 
innocuous when used. 
(6) Energy requirements of chemical processes should 
be minimized, and synthetic methods should be 

conducted at ambient temperature and pressure if 
possible. 
(7) A raw material should be renewable rather than 
depleting whenever practicable. 
(8) Unnecessary derivatization should be minimized or 
avoided if possible. 
(9) Catalytic reagents are superior to stoichiometric 
reagents. 
(10) Chemical products should be designed so that at 
the end of their function they break down into 
innocuous degradation products that do not persist in 
the environment.  
(11) Analytical methodologies need to be further 
developed to allow for real-time, in-process monitoring 
and control prior to the formation of hazardous 
substances. 
(12) Substances and the form of a substance used in 
a chemical process should be chosen to minimize the 
potential for chemical accidents.[4-6] Organic synthesis 
on a large scale involves the use of basic chemical 
ingredients from the petrochemical sector and 
catalysts; and after the end of the reaction, separation, 
purification, storage, packaging, distribution etc. 
Conventional methods of organic synthesis usually 
need longer heating time, tedious apparatus setup, 
which result in higher cost of process and the 
excessive use of solvents or reagents. During these 
processes there are many problems of health and 
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safety for workers in addition to the environmental 
problems caused by their use and disposition as 
waste.[80] Green Chemistry would like to increases 
the efficiency of synthetic methods, to use less toxic 
solvents, reduce the stages of the synthetic routes and 
minimize waste as far as practically possible. 
Microwave synthesis is considered as an important 
approach toward green chemistry, because this 
technique is more eco-friendly.[9,10] Due to its ability to 
couple directly with the reaction molecule and by 
passing thermal conductivity leading to a rapid rise in 
the temperature, microwave irradiation has been used 
to improve many organic syntheses.[11,12] 

Microwave chemistry is the science of 
applying microwave radiation to chemical reactions. 
Microwave synthesis represents a major breakthrough 
in synthetic chemistry methodology; a dramatic 
change in the way chemical synthesis is performed. 
Conventional heating, long known to be inefficient and 
time consuming, has been recognized to be creatively 
limiting too.[13] Microwave synthesis gives the chemists 
more time to expand their creativity, test new theories 
and develop new processes. Instead of spending 
hours or even days synthesizing a single compound, 
chemists can now perform the same reaction in 
minutes. The problem associated with waste disposal 
of solvents has been overcome by performing 
reactions without a solvent under microwave 
irradiation.[14] Coupling of microwave irradiation with 
the use of mineral-supported catalysed reactions, 
under solvent-free conditions, provides clean chemical 
processes with the advantage of enhanced reaction 
rates, higher yields, greater selectivity, and greater 
ease of manipulation.[15,16] Thus microwave synthesis 
acts as a potential tool for green chemistry. Microwave 
irradiation provides an alternative to the conventional 
methods, for heating or introducing energy into the 
system. It utilizes the ability of mobile electric charges 
present in liquid or conducting ions in solid to 
transform electromagnetic energy into heat. 
Microwave radiations are electromagnetic waves.[17] In 
the electromagnetic spectrum, the microwave radiation 
region is located between infrared radiation and radio 
waves. Microwaves have wavelength of 1 mm to 1 
mcorrespond-ing to frequencies between 0.3 and 300 
GHz. Telecommunication and microwave radar 
equipment occupy many of the band frequencies in 
this region.[18] Microwave dielectric heating; uses the 
ability of some liquids and solids to transform 
electromagnetic radiation into heat to drive chemical 
reactions. This technology opens up new opportunities 
to the synthetic chemist in the form of new reactions 
that are not possible using conventional heating.[19,20] 

 

1.1 Mechanism of Microwave Heating 
All the materials are not susceptible to microwave 
heating as response of various materials to microwave 
radiation is diverse.[21] Based on their response to 
microwaves, materials can be broadly classified as- 
(1) Materials that are transparent to microwaves, e.g. 
sulphur 
(2) Materials that reflect microwaves, e.g. copper 
(3) Materials that absorb microwaves, e.g. water 
Microwave absorbing materials are of utmost 
important for microwave chemistry and three main 
different mechanisms are involved for their heating 
namely 

1. Dipolar 
2. polarization, 
Conduction mechanism and Interfacial polarization. 
 

1.2 Dipolar Polarization 
For a substance to generate heat when irradiated with 
microwaves it must possess a dipole-moment. It is the 
electric field component of the microwave radiation, 
rather than magnetic field component that is 
responsible for heating, when a dipole tries to reorient 
itself with respect to an alternating electric field; it 
loses energy in the form of heat, by molecular 
friction.[22] Dipolar polarization can generate heat by 
either interaction between polar solvent molecules 
such as water, methanol and ethanol; or interaction 
between polar solute molecules such as ammonia and 
formic acid. The key requirement for dipolar 
polarization is that the frequency range of the 
oscillating field should be appropriate to enable 
adequate inter-particle interaction. If the frequency 
range is very high, intermolecular forces will stop the 
motion of a polar molecule before it tries to follow the 
field, resulting in inadequate inter-particle interaction. 
On the other hand, if the frequency range is low, the 
polar molecule gets sufficient time to align itself in 
phase with the field. Microwave radiation has the 
appropriate frequency (0.3-30 GHz) to oscillate polar 
particles and enable enough inter-particle interaction. 
This makes it an ideal choice for heating polar 
solutions.[23] 
 

1.3 Conduction Mechanism: 
The conduction mechanism generates heat through 
resistance to an electric current. The oscillating 
electromagnetic field generates an oscillation of 
electrons or ions in a conductor, resulting in an electric 
current. This current faces internal resistance, which 
heats the conductor. A solution containing ions, or 
even a single isolated ion with a hydrogen bonded 
cluster, in the sample the ions will move through the 
solution under the influence of an electric field, 
resulting in expenditure of energy due to able to 
believe that the more polar the solvent, the more 
readily the microwave irradiation is absorbed and the 
higher the temperature obtained. Where the irradiated 
sample is an electrical conductor, the charge carriers 
(electrons, ions, etc.) are moved through the material 
under the influence of the electric field, resulting in a 
polarization. These induced currents will cause 
heating in the sample due to any electrical resistance. 
Major limitation of the method is that it is not 
applicable for materials with high conductivity, since 
such materials reflect most of the energy that falls on 
them.[24] 
 

1.4 Interfacial Polarization: 
The interfacial polarization method can be considered 
as a combination of both the conduction and dipolar 
polarization mechanisms. It is important for heating 
systems that comprise a conducting material 
dispersed in a nonconducting material. For example, 
consider the dispersion of metal particles in sulphur. 
Sulphur does not respond to microwaves and metals 
reflect most of the microwave energy they are 
exposed to, but combining the two makes them a good 
microwave-absorbing material. However, for this to 
take place, metals have to be used in powder form. 
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This is because, unlike a metal surface, metal powder 
is a good absorber of microwave radiation. It absorbs 
radiation and is heated by a mechanism that is similar 
to dipolar polarization. The environment of the metal 
powder acts as a solvent for polar molecules and 
restricts the motion of ions by forces that are 
equivalent to inter-particle interactions in polar 
solvents. These restricting forces under the effect of 
an oscillating field induce a phase lag in the motion of 
ions, resulting in random motion of ions, and ultimately 
heating of the system.[25] 
               

1.5 Microwave versus Conventional 
Synthesis 
Conventional synthesis usually involves the use of a 
furnace or oil bath which heats the walls of the 
reactors by convection or conduction . The core of the 
sample takes much longer to achieve the target 
temperature. This is a slow and inefficient method for 
transferring energy into the reacting system. On the 
other hand in microwave assisted synthesis 
microwave penetrates inside the material and heat is 
generated through direct microwave-material 
Interaction. Microwave-assisted synthesis has several 
advantages over conventional reactions in that the 
microwave allows for an increase in reaction rate, 
rapid reaction optimization, and rapid analogue 
synthesis. It also uses both less energy and solvent, 
and it enables difficult compound synthesis. 
Specifically, microwave synthesis has the potential to 
impact upon medicinal chemistry efforts in at least 
three major phases of the drug discovery process: 
lead generation, hit-to-lead efforts, and lead 
optimization. Microwave chemistry can be carried out 
very efficiently in a parallel format using dedicated 
rotors or microliter plate systems. Several hundred 
reactions can be performed in a single microwave 
experiment using multimode microwave devices. 
Researchers have shown the benefits gained by 
employing microwave heating in tandem with 
combinatorial chemistry. A few reactions which were 
carried out using microwave heating and compared 
with conventional heating indicating time and energy 
efficiency of the technique are compiled.[26,27] 
 

.Fig.1. Comparison between conventional and 
microwave 

 

2. Microwave Synthesis Apparatus 
The apparatus for microwave assisted synthesis 
include; single-mode microwave ovens, and multi-
mode microwave ovens. 
 

Table.1. Comparison of reaction times using 
microwave versus conventional heating 

Compound 
synthesized 
Reaction time 

Microwave 
Reaction 
time 

Conventional 
time 

Methyl 
benzoate                                                           

5 minutes 8 hrs. 

4-nitrobenzyl 
ester                                                       

2 minutes 15 hrs 

Zeolite 
synthesis                                                         

30 second 60 hrs 

Cubanite 03 minutes 03 days 

NaAlH4 08 hrs 02 hrs 

 
 

2.1 Single-Mode Microwave Apparatus 
The differentiating feature of a single-mode apparatus 
is its ability to create a standing wave pattern. This 
interface generates an array of nodes where 
microwave energy intensity is zero, and an array of 
antinodes where the magnitude of microwave energy 
is at its highest. One of the limitations of single-mode 
apparatus is that only one vessel can be irradiated at a 
time. However, the apparatus is user friendly.[28] An 
advantage of single-mode apparatus is their high rate 
of heating. This is because the sample is always 
placed at the antinodes of the field, where the intensity 
of microwave radiation is the highest. These apparatus 
can process volumes ranging from 0.2 to about 50 ml 
under sealed-vessel conditions, and volumes around 
150 ml under open-vessel conditions. Single-mode 
microwave ovens are currently used for small-scale 
drug discovery, automation and combinatorial 
chemical applications. 
 

2.2 Multi-Mode Microwave Apparatus: 
An essential feature of a multi-mode apparatus is the 
deliberate avoidance of generating a standing wave 
pattern inside it. The goal is to generate as much 
chaos as possible inside the apparatus.[29] The greater 
the chaos, the higher is the dispersion of radiation, 
which increases the area that can cause effective 
heating inside the apparatus. As a result, a multi-mode 
microwave heating apparatus can accommodate a 
number of samples simultaneously for heating, unlike 
single-mode apparatus where only one sample can be 
irradiated at a time. Owing to this characteristic, a 
multimode heating apparatus is used for bulk heating 
and carrying out chemical analysis processes such as 
ashing, extraction, etc.In large multi-mode apparatus, 
several litres of reaction mixture can be processed in 
both open and closed-vessel conditions. A major 
limitation of multi-mode apparatus is that, heating 
samples cannot be controlled efficiently because of 
lack of temperature uniformity.[30] 
 

2.3 Benefits of Microwave Assisted Synthesis 
Microwaves can accelerate the rate of reaction, 
provide better yields and higher purity, uniform and 
selective heating with lower energy usage, achieve 
greater reproducibility of reactions and help in 
developing convenient and cleaner synthetic routes.[31] 
The main  advantages of microwave assisted organic 
synthesis are: 
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2.4 Faster Reaction  
Based on experimental data it has been found that 
microwave-enhanced chemical reaction rates can be 
faster than those of conventional heating methods by 
as much as 1,000-fold.[32] The microwave can use 
higher temperatures than conventional heating 
system, and consequently the reactions are completed 
in few minutes instead of hours, for instance, synthesis 
of fluorescein, which usually takes about 10 hours by 
conventional heating methods, can be conducted in 
only 35- minutes by means of microwave heating. 
 

2.5 Better Yield and Higher Purity  
Less formation of side products are observed using 
microwave irradiation, and the product is recovered in 
higher yield. Consequently, also the purification step is 
faster and easier. [32] 
For example- microwave synthesis of aspirin results in 
an increase in the yield of the reaction, from 85 % to 
97%. 
 

2.6 Energy Saving 
Heating by means of microwave radiation is a highly 
efficient process and results in significant energy 
saving. This is primarily because microwaves heat up 
just the sample and not the apparatus, and therefore 
energy consumption is less.[33] 
 

2.7 Uniform and Selective Heating  
In conventional heating, the walls of the oil bath get 
heated first, and then the solvent. As a result of this 
distributed heating in an oil bath, there is always a 
temperature difference between the walls and the 
solvent. In the case of microwave heating, only the 
solvent and the solute particles are excited, which 
results in uniform heating of the solvent. Selective 
heating is based on the principle that different 
materials respond differently to microwaves. Some 
materials are transparent whereas others absorb 
microwaves.[34] 

 

2.8 Green Synthesis  
Reactions conducted using microwaves are cleaner 
and more eco-friendly than conventional heating 
methods. Microwaves heat the compounds directly; 
therefore, usage of solvents in the chemical reaction 
can be reduced or eliminated. Synthesis without 
solvent, in which reagents are absorbed on mineral 
support, has a great potential as it offers an eco-
friendly green protocol in 
synthesis. The use of microwaves has also reduced 
the amount of purification required for the end 
products of chemical reactions involving toxic-
reagents.[30,42] 

 

2.9 Reproducibility  
Reactions with microwave heating are more 
reproducible compared to the conventional heating 
because of uniform heating and better control of 
process parameters. The temperature of chemical 
reactions can also be easily monitored.[35] 
 

3. Limitations of Microwave Assisted 
Synthesis 

The yield obtained by using microwave apparatus 
available in the market is limited to a few grams. 
Although there have been developments in the recent 
past, relating to the scalability15 of microwave 
equipment, there is still a gap that needs to be 
spanned to make the technology scalable. The use of 
microwaves as a source of heating has limited 
applicability for materials that absorb them. 
Microwaves cannot heat materials such as sulphur, 
which are transparent to their radiation. Improper use 
of microwave heating for rate enhancement of 
chemical reactions involving radioisotopes may result 
in uncontrolled radioactive decay. Certain problems, 
with dangerous end results, have also been observed 
while conducting polar acid-based reactions, for 
example, microwave irradiation of are action involving 
concentrated sulphuric acid may damage the polymer 
vessel used for heating. Conducting microwave 
reactions at highpressure conditions may also result in 
uncontrolled reactions and cause explosions. Health 
hazards related to microwaves are caused by the 
penetration of microwaves. While microwaves 
operating at a low frequency range are only able to 
penetrate the human skin, higher frequency-range 
microwaves can reach body organs. Research has 
proven that on prolonged exposure microwaves may 
result in the complete degeneration of body tissues 
and cells. It has also been established that constant 
exposure of DNA to high frequency microwaves during 
a biochemical reaction may result in complete 
degeneration of the DNA strand.[36] 
 

4. Enhanced Microwave Synthesis 

Recently, an alternative method for performing 
microwave assisted organic reactions, termed 
Enhanced Microwave Synthesis, has been examined. 
By externally cooling the reaction vessel with 
compressed air, while simultaneously administering 
microwave irradiation, more energy can be directly 
applied to the reaction mixture.[37] EMS ensures that a 
high, constant level of microwave energy is applied. 
Simultaneous cooling enables a greater amount of 
microwave energy to be introduced into a reaction, 
while keeping the reaction temperature low. This 
results in significantly greater yields and cleaner 
chemistries. EMS was employed in the synthesis of a 
variety of α-keto amides (Scheme 1) to support a 
protease inhibitor discovery project. This may 
eventually lead to improved treatments for stroke, 
Alzheimer’s disease, and muscular dystrophy. Under 
conventional heating conditions, this took between 2 to 
6 hours for completion; whereas under optimized EMS 
conditions, the two steps were completed in 2 min and 
in 21-74% yields. 
 

5. Applications Of Microwave Assisted 
Synthesis 
Application of microwave irradiation in chemical 
synthesis involves its use in the acceleration of 
chemical synthesis.[38] Microwave-enhanced synthesis 
results in faster reactions, higher yields, and increased 
product purity. In addition, due to the availability of 
high-capacity microwave apparatus, the yields of the 
experiments have now easily scaled up from 
milligrams to kilograms, without the need to alter 
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reaction parameters. Microwave-assisted synthesis 
can be suitably applied to the drug discovery process. 
 

5.1 Organic Synthesis 
Microwave-assisted organic synthesis has been the 
foremost and one of the most researched applications 
of microwaves in chemical reactions. Literature survey 
reveals that scientists have successfully conducted a 
large range of organic reactions. These include Diels-
Alder reaction, Ene reaction, Heck reaction, Suzuki 
reaction, Mannich reaction, Hydrogenation of [beta]-
lactams, Hydrolysis, Dehydration, Esterification, 
Cycloaddition reaction, Epoxidation, Reductions, 
Condensations, Cyclisation reactions, Protection and 
deprotection, Microwave-assisted organic synthesis is 
being widely applied in the pharmaceuticals industry, 
particularly for developing compounds in the lead 
optimization phase of drug discovery and 
development. In this phase, chemists use diverse 
synthetic techniques to develop candidate drugs from 
lead compounds. Based on reaction conditions, 
organic synthesis reactions can be conducted in the 
following techniques.[39] 
 

5.2 Microwave-Assisted Organic Synthesis at 
Atmospheric Pressure:  
Microwave-assisted organic synthesis can be most 
conveniently conducted at atmospheric pressure in 
reflux conditions, for example, oxidation of toluene to 
benzoic acid with KMnO4 under normal conditions of 
refluxing takes 10-12 hours compared to reaction in 
microwave conditions, which takes only 5 minutes  
shows an increased yield of 200 % for the oxidation of 
hexanenitrile and 150 % for the hydrolysis of 
cyclohexene when the reaction is conducted in the 
microwave batch reactor. 
 
Table.2. Heterogeneous reactions under 
microwave and classical heating 

Chemical 
reaction        
            

Time 
(minutes)        

MW 
Yield 
(%)          

Classical 
Yield (%) 

Hydrolysis of 
hexanenitrile            

60 40 26 

Oxidation of 
cyclohexene               

60 26 12 

 

5.3 Microwave-Assisted Organic Synthesis At 
Elevated Pressure 
Microwaves can be used to directly heat the solvents 
in sealed microwave-transparent containers. The 
sealed container helps in increasing the pressure in 
the reactor, which facilitates the reaction that will take 
place at much higher temperatures.[38,39] This results in 
a substantial increase in the reaction rate of 
microwave assisted organic synthesis. 
 

5.4 Microwave-Assisted Organic Synthesis 
under Solvent Free Conditions 
Microwave-assisted solvent-free organic synthesis has 
been developed as an environmentally friendly 
process as it combines the selectivity associated with 
most reactions carried out under microwaves with 
solvent and waste-free procedures in which organic 

solvents are avoided throughout all stages.[37,38] The 
solvent-free organic syntheses are of three types:  
(i) Reactions using neat reactants  
(ii) Reactions using solid-liquid phase transfer 
catalysis (PTC) 
(iii) Reactions using solid mineral supports. 
The microwave-assisted reaction could be completed 
within two to three minutes, compared to conventional 
oil-bath heating at 75 °C for 40 hours. 
 

5.5 Inorganic Synthesis 
A variety of materials such as carbides, nitrides, 
complex oxides, silicides, zeolites, apatite, etc. have 
been synthesized using microwaves. A series of A3B 
and A4 type mesoporphyrinic complexes were 
synthesized with superior yields using microwave 
irradiation under solvent-free conditions. Solvent-free 
synthesis by microwave irradiation has been 
successfully applied to obtaining mesoporphyrinic 
compounds because the absence of solvent from the 
reaction environment has the effect of decreased 
interaction time between reactant molecules and 
improves the reaction yield.[40] Two new iso-structural 
coordination polymers with novel anionic metal-
organic frameworks were synthesized using  
microwave-assisted technique. Microwave-assisted 
synthesis of pinacol boronates from aryl chlorides 
catalysed by a palladium/imidazolium salt system was 
reported. 
 

5.6 Synthesis of Nanotechnology Products 
Amongst the several methods that exist for 
synthesizing of nanoparticles, the use of microwave 
assisted synthesis has shown promise. Synthesis of 
silver nanoparticles from silver nitrate employing 
starch as the reductant as well as stabilizing agent has 
been carried out under direct heating, controlled 
heating and microwave irradiation.[39,40] The 
microwave irradiation was considered as better for 
reduction of silver ions to silver nanoparticles. It also 
afforded smaller particle sizes and particle size 
distribution. Compared to conventional methods, 
microwave assisted synthesis was faster and provided 
particles with an average particle size of 12 nm. 
Nanostructures with smaller sizes, narrower size 
distributions, and a higher degree of crystallization 
were obtained under microwave heating than those in 
conventional oil-bath heating. The gold nanoparticles 
have been prepared by microwave high-pressure 
procedure with alcohol as the reducing agent. A 
method has been reported for microwave-assisted 
non-aqueous synthesis of zinc oxide nanoparticles. 
Particularly the fast reaction rates, better product 
yields and the possibility to automatically combine 
different experimental parameters makes microwave 
assisted synthesis suitable for the studies of the 
influences of the reaction conditions on the 
morphology and sizes of zinc oxide nanoparticles 
particles, which determine its properties and 
applications. Pt/C and PtCo3O4/C nano catalysts were 
prepared using microwave assisted methods. The 
results of XRD and TEM revealed that the prepared 
catalysts have small and uniform shapes with high 
dispersion ability. The developed approach is a useful 
method for preparing platinum and platinum supported 
electro catalysts, which can be used in the field of fuel 
cells and other related fields. Strontium stannate 
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(SrSnO3) nanostructures were obtained by 
microwave-assisted calcination of a SrSn(OH)6 
precursor powder. Compared to other conventional 
calcination methods mentioned in the literature, this 
procedure led to a remarkable decrease of the 
reaction time and the synthesis temperature owing to 
direct interaction of radiation with the material. 
 

5.7 Polymer Synthesis 
Polymer chemistry, including ceramic processing, 
forms the single-largest application area of microwave 
chemistry. The use of polar reactants in polymerization 
reaction results in controlled synthesis and a 
combination of this with direct heating of reactants 
makes microwave heating an 
Economically viable option.[37,38] Using microwave 
radiation in curing has greatly increased the rate of the 
reactions. It has been found that the rate of a curing 
reaction, using microwaves, is not dependent on the 
power applied but on the way the pulse is applied. 
Controlled solvent-free synthesis and modification in 
polymer materials can be rapidly and effectively done 
with the help of microwave heating using large scale 
reactors The first microwave assisted organic 
synthesis of Poly Lactic Acid was carried out with 
SnOct as catalyst by using toluene as a solvent. 
 
A microwave-assisted, rapid solid phase peptide 
synthesis procedure has been reported. The synthesis 
protocol is based on the use of cycles of pulsed 
microwave irradiation with intermittent cooling of the 
reaction during the removal of the Fmoc protecting 
group and during the coupling. The desired 
nonapeptide was obtained in highest yield and purity 
by employing MicroKan technology. The protocols for 
the synthesis of cystine-rich peptides in the presence 
of microwave radiation with solid phase peptide 
synthesis have been reported. The method is broadly 
applicable for a wide range of peptides using Boc-
SPPS, especially for SPPS of large peptides via native 
chemical ligation. Microwave radiation produces 
peptides in high yield and with high purity, and the 
time for the assembly of approximately 30 amino acids 
peptide chains was reduced to an overnight reaction in 
the automated microwave-assisted synthesis. The 
applications of microwaves in the field of peptides and 
glycopeptides have been reported. 
 

5.8 Synthesis of Radiopharmaceuticals 
Microwave-assisted organic synthesis at an elevated 
pressure has been used in pharmaceutical industry for 
the synthesis of radiopharmaceuticals. During pre-
clinical trials, these radiopharmaceuticals are used as 
tracers to generate a nuclear medical image. A multi-
mode microwave oven was used in the first trial of this 
kind and it was observed that the rate of reaction 
increased substantially. This has resulted in the 
enhanced use of microwaves to produce 
radiopharmaceuticals. Advantages of microwaves 
include the fast reaction rates and high yield of the 
reaction. This can be attributed to the short half-life of 
reactants, for example, saving five minutes in a 
synthesis with carbon-11 resulted in an enhanced 
production rate of 15%. It has also been observed that 
several reactions could only be achieved by using 
microwaves.[40] 
 

Conclusion 
Microwave-assisted synthesis is a convenient way 
toward the goal of green chemistry. Microwaves 
irradiation can be used to in chemical synthesis as a 
heat source; it is very efficient and can be used to 
significantly reduce reaction times of numerous 
synthetically useful chemical transformations. Thus, 
microwave-assisted synthesis has advantages over 
conventional technology: it is more energy efficient 
and it can lead to improved isolated yields of products 
with green synthesis. The advantages of this enabling 
technology have, more recently, been exploited in the 
context of multistep total synthesis and medicinal drug 
discovery, and have additionally penetrated related 
fields such as polymer synthesis, material sciences, 
nanotechnology and biochemical processes. In order 
to achieve further development in this field, novel 
instruments, which give rise to reproducible 
performances and that constitute a minimal hazard 
should be used instead of the domestic microwave 
ovens. 
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Abstract 
Chemical as well as physical property that may occur under the influence of light is called Photochemistry. 
Photochemical transformations have been governed by two fundamental principles. These principals are First law: 
This law is also called as Grotthuss-Draper law; it states that for a photochemical reaction to take place it should be 
essential that light must be absorbed by a compound. Second law:  The second law or Stark-Einstein law gives a 
photo equivalence law which is states that for each photon of light absorbed by a compound only one molecule of 
compound is activated for corresponding reaction. The efficiency of each photochemical process is calculated by 
Quantum Yield (Φ). Many photochemical reactions are complex, thus the quantum yield is specified for a particular 
event. It is defined as “ratios of the number of moles of a reactant disappearing, or the number of moles of a 
product obtained, per one mole of light absorbed by compound." After that many of secondary reactions proceeded 
(shown in the gray box). Absorption of light (uv/vis) induces energy sufficient in molecule to break covalent bonds. 
Since, E = hc / λ, hence, longer wavelength have less energy   and vice-versa.  Consequently, ultraviolet light is 
most effect photochemical reactions. In this review we discuss about amongst all some of photochemical reactions 
collectively which are initiated by ultraviolet light specifically. 
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INTRODUCTION 
In the early 1900's Giacomo Ciamician from University 
of Bologna used sunlight for his research hence he is 
the father of photochemistry. Before that era, many 
sources used for a photochemical reaction these are 
bright incandescent lamps (chiefly infrared and visible 
light), low, medium and high pressure mercury lamps 
(185 - 255 nm, 255 -1000 nm & 220 -1400 nm 
respectively), high intensity flash sources and lasers. 
In careful studies of specific chromophore, sources of 
monochromatic light may be desired. 
In this review we focus on electronic excited states 
which are formed when a photon is absorbed by a 
chromophoric functional group present in molecule. 
Ultraviolet radiation having wavelengths less than 200 
nm is sufficient to excite a electron to a higher energy 
orbital. A pictorial diagram showing the various kinds 
of possible electronic excitation in organic molecules is 
shown below (fig 1). 

Fig. 1:  Pictorial diagram showing the various 
kinds of possible electronic excitation 

 

Excited states are of two types, singlet and triplet. 
This difference is just because of electron spin angular 
momentum. Most ground states are singlet, hence 
excited states initially formed by absorption of light is 
singlet. With loss of heat energy (relaxation), Internal 
conversion of excited states to lower energy states 
takes place. Also, an excited state may return back to 
the ground state via emitting a photon. The conversion 
of a singlet state to triplet state, or vice versa, is 

All the six transitions outlined are achieved by the 
energies available in the 200 to 800 nm spectrum. 
Energetically favored electron excitation will be from 
the highest occupied molecular orbital (HOMO) to 
the lowest unoccupied molecular orbital (LUMO), 
and the resulting state is called an excited state. 
Electronic transition in the molecule is occurring only 
after; sufficient light energy will be absorbed. On 
excitation electron promoted to a higher energy orbital.  
The spectrum is drawn as a graph of absorbance (A) 
versus wavelength. Absorbance usually ranges from 0 
(no absorption) to 2 (99% absorption), and is precisely 
defined in context with spectrometer operation. 
Franck-Condon Principle state that this electronic 
transition so faster than nuclei can respond.  
Bonding in an excited state is usually lower than in the 
ground state. Thus, bond length is increased in the 
excited state. Finely, electron in excited state may 
return to the ground state by emitting a photon (light 
blue line). This radiative decay is called fluorescence 
if it takes place rapidly from the initial excited state. It 
is termed phosphorescence if it occurs slowly by way 
of other excited states 
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termed intersystem crossing. This process is slower 
than internal conversion. Radiative decay from a triplet 
state is called phosphorescence and is generally quite 
slow. 

 
Types of electromagnetic radiation 
Electromagnetic wave is only wave which is able to 
travel in empty space. Energy which is related with 
electromagnetic wave is called as electromagnetic 
energy and this is energy in the form of waves. 
Einstein and Max Plank said in his theory that 
Electromagnetic radiation exists in form of small 
packet of energy which is called photons. This energy 
behaves as waves and energy packets. Thus we can 
say that Electromagnetic energy is type of energy 
which originated from electromagnetic waves. This 
can also be defined as energy that transmits 
information (in the form of waves) from one place 
(material) to another or wave which is produced when 
charged particles that are placed in magnetic and 
electric field which are right angle to each other  
undergoes acceleration. The oscillation of the particles 
in the wave emits energy called electromagnetic wave 
energy. This information can be in the form of light, 
heat, or in any other form. Let us understand step by 
step what electromagnetic energy is. This energy 
radiation have same speed as speed of light and it 
contains radio waves, TV waves, radar waves, heat, 
light, X-rays, visible waves, etc. The Sun, the earth 
and the ionosphere are main sources of 
electromagnetic energy in nature {table 1}. 
 
Table 1: Approximate Boundaries of 
Electromagnetic Radiations 

 
Some Facts about Electromagnetic Energy  
 

1. According to formulae E = hc / λ the higher 
the energy of the particles of electromagnetic 
wave, shorter is their wavelength. 

 
2. It can travel through any material as well as 

through vacuum. 
3. Their speed in vacuum is same as that of 

light, i.e. approximately 1, 86,000 miles per 
second or 3, 00,000 kilometers per second. 

 

4. Most important thing is when it enter into 
matter, they get slow down i.e. their energy 
decreases, hence wavelength increases. 

When this hits an object, it generates heat at the 
surface, this heat in turn causes the particles of that 
object to vibrate while in reverse when object is 
heated, particles get accelerated which causes 
change in their electric and magnetic fields, which 
leads to generate electromagnetic wave. Heat and 
vibration generated via this mode depends on the 
wavelength and energy of the electromagnetic wave 
(fig. 2). 
 

 
 
Fig. 2. Graphical representation of electromagnetic 
diagramme 
 

PHOTOCHEMICAL REACTION 
Chemical reactions initiated by light are called as 
photochemical reactions. Energy in form of photon is 
absorbed or emitted by matter. 
After absorption of light an electronic excitation from 
ground state to excited state takes place. This leads to 
promote an electron. The types of excitation are like 
n→π∗ or π→π∗ etc. Most of photochemical reactions 
take place during excitation from S1 and T1 excited 
states.  
If a molecule absorbs energy, it can undergo 
photochemical reactions or there is possibility of they 
loss of energy via two methods: radiative processes 
which involve emission of a photon. Example of 
radiative phenomenon is phosphorescence which 
occur when electron relaxation to a lower state with 
different multiplicity, such as T1→S0 (spin forbidden). 
Other example is fluorescence in which relaxation 
occur to lower state of same multiplicity, such as 
S1→S0 (spin allowed). The non-radiative processes 
lead to no emission of photon. In this case the internal 
conversion occure which not involves spin change, 
such as S1→S0. The intersystem crossing-involves 
change in spin multiplicity. Excitation by energy 

transfer is Sensitization (deactivation is Quenching). 
There are lots of photochemical reactions. Some of 
these are discuss in this review. 
 
1. Geometrical Isomerism: photochemical cis/trans 
(E / Z) isomerism in mostly leads to thermodynamically 
less stable cis-isomer -cis-isomer have less 
conjugation b/c of non-bonded interactions hence it 
typically absorbs at a lower λ [1].   
 

Region 
Name  

Energy, J Wavelength Frequenc
y, Hz 

X-ray      5 x 10-19 10 nm              3 x 1019 

Vacuum 
ultraviolet  
  

2.5x 10-19            10-200nm   3 x 1016 

Near 
ultraviolet   

6.6x10-20    200-400nm 1.5 x 1015 

Visible   5 x 10-19                          400-800nm    7.5 x 1014 

Near Infrared   2.5x 10-19       0.8-2.5 um    3.8 x 1014 

Fundamental 
infrared    

6.6x10-20        2.5-50 um            1x1014 

Far Infrared 4x10-21                 50-300 um      6 x 1012 

Microwave   6.6x10-22               0.3 mm-0.5 m 1 x 1012 

Radio wave 4x10-25  0.5-300 x 106   6 x 103 
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2. Electrocyclizations: Photochemical 
electrocyclization occur via LUMO 4n - disrotatory 4n 
+ 2 – conrotatory. In this case a new σ-bond form 
between the termini of the conjugated π-system. Both 
bond breaking and bond formation process take place 
at the same time [2].  
 

 
 
3. DeMayoReaction: In this reaction [2 + 2] 
cycloaddition takes place involving double bond of an 
enol and another olefin and the retro-aldol reaction [3]. 
 

 
4. Paterno-Büchi Reaction4: Paterno and Chieffi 
observed the first example of a [2 + 2] cycloaddition  
between a carbonyl and an olefin to make an oxetane 
[4]. 
 

 
 
5. Arene-Olefin Cycloadditions:  a photocatalyzed 
cycloadditions reaction between arenes and an olefin 
takes place all three positions available in arenes. On 
this basis these are summarized as ortho 
cycloadditions-[2 + 2], para cycloadditions-[4 + 2] and 
meta cycloadditions-[3 + 2] [5]. 
 

 
 
6. Photo induced Electron Transfer 
(WitkopCyclization): polar solvents facilitate the 
generation of radical ions and subsequent chemical 
reactions [6]. 
 
Acceptor + Donor A•- + D•+           chemistry 
 

 
 
7.  Photolysis of 3-hydroxy-3-methyl-2-butanone: 
photolysis of 3-hydroxy-3-methyl-2-butanone in 
presence of UV radiation leads to five major reaction 
products acetone, acetic acid, formaldehyde, CO and 
methanol [7]. 

  
 

8.  Di-pi methane rearrangement: reaction involves 
the photolysis of molecule having two pi-bonds 
bonded to single sp3 hybridized C atom resulted into 
synthesis of cyclopropane [8]. 
 

 
 
9.  Paterno buchi reaction: when carbonyl compound 
react with alkene in presence of light resulted in 
trimethylene oxide [9]. 
 

 
 
10. Photoinduced isomerization of azobenzene: the 
simplest photoinduced isomerisation is seen in 
azobenzene [10].  
 

 
 

11. Norrish type II reaction: when photo-excited 
ketone abstract their H-radical from γ-position leads to 
corresponding biradicals, which is further resulted into 
cyclobutane is called Norrish type II reaction [11]. 
 

https://en.wikipedia.org/wiki/File:Mariano.gif
https://pubs.rsc.org/image/article/2014/PY/c3py01334k/c3py01334k-f3_hi-res.gif


ISSN 2581-8716(Online)                                                                                               Vol. 4 Issue 1, Apr 2021 

 

Subharti Journal of Interdisciplinary Research                                                                               17                         
 
 

 
 
12. Novel photochemical rearrangement: 2-formyl 
phenylalkeno-derivatives in presence of UV light in 
benzene solution afforded thepolysubstituted 
isochromanones through Novel photochemical 
rearrangement [12]. 
 

 
 
13. Photo-Fries rearrangement: this photochemical 
reaction involves the homolytic cleavage of C–O, C–S 
and C–N, of esters, amides, thioesters etc [13]. 
 

 
 
14. Nitro-nitrite rearrangement: in this type of 
rearrangement nitro aromatic species undergoes 
photochemical initiated rearrangement [14]. 
 

 
 
15. Photochemical reaction of ethyl 
diazotrifluoropropanoate: photolysis of ethyl 
diazotrifluoropropanoate rearranges and resulted into 
efficient insertion reaction with the O–H bond [15]. 

 
 
16. Photochemical rearrangements of isoxazoles: 
this photochemical reaction afford acyl azirines, which 
resulted into the corresponding oxazoles [16]. 
 

17. 4,4-Diphenylcyclohexenone rearrangement: in 
such type of photo catalytic rearrangement one double 
bond and one of the phenyl groups,  C-4, migrated to 

C-3 [17]. 
 

 
 
18. Photochemical rearrangements of Natural 
Product: the best result of such rearrangement is 
found in santonin which in presence of light converted 
into lumisantonin [18].  
 
19. Photochemical Curtius rearrangement19: in 
curtius rearrangement migration takes place along 
with full retention of configuration at R-group [19]. 
 

 
 
20. Photochemical Harger rearrangement: in 
Harger rearrangement the phosphinic azide forms a 
metaphosphonimidate in presence of light followed by 
methanol. This is actually R-groups which migrate 
[20]. 
 

 
 

CONCLUSION 
Photochemistry itself is a mature science in this 
review, we have discussed about the unique features 
of photochemical reactions. A variety of photochemical 
reactions is described above.  Overview of 
photochemical reaction also discusses significance of 
such reactions and is mainly focused on implications 
for main product. Ubiquity of photochemical reactions 
implies the importance of understanding the 
underlying processes and mechanisms on a molecular 
level. Now there is more need for new and exciting 
theory in this explored field. This is expected to be 
discovered in the future. It seems a promising field for 
future research. 
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Abstract 
Organic solvents are known as carbon-based solvents and their general property is primarily based on their 
volatility, boiling point, the molecular weight and color. Having enormous hazards associated with the organic 
solvents, they are used for millions of purposes which alert us to think more on its toxicity points. Almost all of the 
solvents are hazardous to health, if swallowed or inhaled more than the limit quantity and on contact to the skin 
most of them cause irritation. Some of the common solvents are acetone, ethyl acetate, hexane, heptane, 
dichloromethane, methanol, ethanol, tetrahydrofuran, acetonitrile, dimethylformamide, toluene, dimethylsulfoxide 
etc. Researchers, scientists, workers in the chemical industry and research institutes use these solvents on regular 
basis leading them to be affected in major aspects. But also, the nearby persons are affected by the contamination 
to the soil, water, air etc. If constantly exposed with solvents, it will badly affect the function of CNS and other body 
parts. The level of impact, sign and symptoms will depend on concentration, time, duration, frequency and nature 
of solvents, leading to common effects like headache, dizziness, tiredness, blurred vision, behavioral changes, 
unconsciousness, and even death. To overcome it, the green chemistry concept is growing rapidly, and the solvent 
selection guide is in practice in many big company and research institute. A researcher or chemical worker is the 
primary person who works with solvents and they need to consider throughout these things while performing their 
activities for their own good health and for the sake of the world. The purpose of this review is to provide needed 
basic knowledge about common organic solvents and their potential toxicities which will alert researchers to think 
twice and always think for their health as well as for the environment via safe and green practice. 
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1. Introduction 
The presence of solvents in any vegetables, fruits, 
meats etc. makes them easily deteriorated when 
stored for long at room temperature which means that 
the solvents make many easy things to happen i.e. 
occurrence of chemical reaction, which results in 
change in its form. The dry meat, dry fish, dry 
vegetables, dry grains etc. remains very stable in 
normal condition if the dryness maintained properly.[1,2] 
This basic understanding teaches us how the chemical 
reactions are done in the liquid state. The common 
organic solvents are generally classified as an 
aliphatic hydrocarbon, aromatic hydrocarbon, cyclic 
hydrocarbon, halogenated hydrocarbon, amines, 
ketones, esters, ether, aldehyde, alcohols etc. It’s hard 
to talk about organic synthesis without organic 
solvents. In common, the organic solvents are 
chemicals that are used to dissolve other chemicals 
but in detail, we need to understand the reactivity of 
respective solvents on specific reactions conditions. 
So, the selection of appropriate solvents for a reaction 
is to be noted  

always.[3] The choice of solvents is usually done by 
previous experience with particular solvents or the 
following similar pattern literature review and practice 
it in a laboratory setting. However, the scenario does 
not remain same nowadays because of some strict 
rules and regulation we need to consider like solvent 
power, volatility that leads to toxicity to the researcher 
and to our society and overall environment. This leads 
to search new and new best option and because of 
which, nowadays the solvent-free organic synthesis is 
rapidly growing.[4] Many research about the toxicity of 
solvents gives us the molecular mechanism and 
possible major body parts to be affected. The 
knowledge of risk associated with organic solvents is 
increasing rapidly among the researcher and in a 
lesser amount to the public which creates a louder 
voice for safety, strict rules and regulation; these all 
decreases the potential danger and associated health 
effects.[5] Now the well-equipped laboratory setup, 
proper ventilation to draw the solvent and reagent 
fumes to the highly diluted atmosphere, proper 
disposal system is rapidly increasing; but the scale of 
synthesis, the number of researchers are increasing 
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rapidly which has resulted in larger volume of organic 
solvent consumption that still become risk factor and 
many organizations are working on it. As the skeleton 
of organic solvents contain carbon and hydrogen as 
major with hetero atoms some time so, they show high 
lipophilicity and very volatile. In toxicity view, the 
lipophilicity influences the distribution of solvents to 
various body parts. The lipophilic compounds need to 
be converted to a water-soluble form via several 
osmotic conversions that enhances the excretion via 
the kidney. Sometime the resulting metabolite could 
be more toxic than the original one.[6,7] Due to the high 
lipophilicity character of organic solvents, they can 
easily enter the brain and affects severely sometimes. 
At high dose with respect to certain chemical can 
cause anesthetic effects, anxiolytic effects, convulsant 
effect, anticonvulsants, narcotic effects 
(Trichloroethylene), antidepressants (benzyl chloride). 
Due to the rapid growth of plastic and chemical 
industries, major population is affected by organic 
solvents. Since the organic solvents are highly volatile, 
it leads to the exposure of solvents to air rapidly.[8] It is 
being inhaled via respiration, so lungs are the primary 
organ to be affected which alerts to have enough 
ventilation in workplace.  

 
2. Purification methods of organic solvents 
In order to obtain satisfactory, or even any results, in 
many syntheses it may be necessary to purify solvents 
to remove reactive impurities such as water or other 
acidic materials, or atmospheric contaminants such as 
oxygen or carbon dioxide.[8,9] Removal of non-gaseous 
contaminants must be tailored to the specific solvent 
and often the specific contaminant to be removed. An 
excellent source for methods of purification of a wide 
variety of solvents is “Purification of Laboratory 
Chemicals”. Sometimes simply using a freshly opened 
bottle of solvent certified by the vendor for a certain 
level of purity is satisfactory, but when really sensitive 
reagents are used and/or analytical results are 
required then organic solvents usually must be 
purified. The time and effort expended to purify 
solvents can be lost if the glassware to be used for an 
experiment is not also clean AND dry. The extent to 
which glassware must be treated varies with the 
sensitivity of the reagents, but at a minimum all 
glassware should be oven dried for several hours or 
flame dried if time is short, and assembled while warm 
under an inert atmosphere. Remember that glass is 
composed of silica and that water forms hydrogen 
bonds with the bridging oxygen.[10] Removal of oxygen 
and other gaseous atmospheric contaminants 
(degassing) can be done in several ways. The 
simplest is to spray the solvent with a readily available, 
oxygen free, inert gas such as nitrogen or argon. The 
length of time required depends upon the amount of 
solvent to be degassed and may range from a few 
minutes up to a half h or more. Obviously this requires 
considerable compressed gas and will result in 
significant loss of a volatile solvent.[11,12] It may be 
inappropriate when only a small amount of solvent is 
available. It is also not the most effective method. A 
better method, and one that would be easily employed 
when distillation was required for removal of other 
impurities, is distillation under an inert atmosphere. 
The process of boiling expels gases from the solvent. 

If this process is done under an inert atmosphere then 
the dissolved gases will be expelled and replaced by 
the inert gas. Note that saturation of an unstirred liquid 
is quite slow.[13] If the amount of material available is 
very small, or if it is thermally sensitive, then 
degassing by multiple freeze, pump thaw cycles may 
be appropriate. In this process the liquid to be 
degassed is placed in a vessel equipped with a 
stopcock or valve that is suitable for evacuation. The 
liquid is frozen using an appropriate cold bath and the 
head space evacuated.[14] The stopcock is closed and 
the liquid allowed to melt. After a few minutes 
preferably with swirling of the vessel to achieve 
equilibration between the liquid and gas phases, it is 
again frozen and the headspace evacuated. The 
process is repeated 3-5 times. At this point the liquid 
should be essentially free of gaseous impurities and 
can be transferred to the reaction vessel. If this is to 
be done without exposure to the atmosphere then 
there must be some provision for breaking the vacuum 
with an inert gas and bringing the system to 
atmospheric pressure and provision for removing the 
liquid with a syringe or other “airless” transfer 
method.[15] 

 
2.1 Chromatography separation  
2.1.1 Gas-Liquid Chromatography 
Many separation methods are based on 
chromatography, that is, separation of the components 
of a mixture by differences in the way they become 
distributed (or partitioned) between two different 
phases.[16] To illustrate with an extreme example, 
suppose we have a mixture of gaseous methane and 
ammonia and contact this mixture with water. 
Ammonia, being very soluble in water (- 90 g per 
100~~ of water at 1 atm pressure), will mostly go into 
the water phase, whereas the methane, being almost 
insoluble (- 0.003 g per 100 g of water) will essentially 
remain entirely in the gas phase.[16,17] Such a 
separation of methane and ammonia would be a one-
stage partitioning between gas and liquid phases and, 
clearly, could be made much more efficient by 
contacting the gas layer repeatedly with fresh water. 
Carried through many separate operations, this 
partitioning procedure is, at best, a tedious process, 
especially if the compounds to be separated are 
similar in their distributions between the phases. 
However, partitioning can be achieved nearly 
automatically by using chromatographic columns, 
which permit a stationary phase to be contacted by a 
moving phase. To illustrate, suppose a sample of a 
gaseous mixture of ammonia and methane is injected 
into a long tube (column) filled with glass beads 
moistened with water (the stationary phase), and a 
slow stream of an inert carrier gas, such as nitrogen or 
helium, is passed in to push the other gases through. 
A multistage partitioning would occur as the ammonia 
dissolves in the water and the resulting gas stream 
encounters fresh water as it moves along the column. 
Carrier gas enriched with methane would emerge first 
and effluent gas containing ammonia would come out 
later. This is a crude description of the method of gas-
liquid chromatography (abbreviated often as glc, GC, 
or called vapor-phase chromatography, vpc). This 
technique has become so efficient as to revolutionize 
the analysis and separation of almost any organic 
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substance that has even a slight degree of volatility at 
some reasonably attainable temperature.[15,18] The 
most modern glc equipment runs wholly under 
computer control, with preprogrammed temperatures 
and digital integration of the detector output. A wide 
variety of schemes is available for measuring the 
concentration of materials in the effluent carrier gas, 
and some of these are of such extraordinary sensitivity 
that only very small samples are necessary. In the 
usual glc procedure, a few microliters of an organic 
liquid to be analyzed are injected into a vaporizer and 
carried with a stream of gas (usually helium) into a 
long heated column that is picked with a porous solid 
(such as crushed firebrick) impregnated with a 
nonvolatile liquid. Gas-liquid partitioning occurs, and 
small differences between partitioning of the 
components can be magnified by the large number of 
repetitive partitions possible in a long column. 
Detection often is achieved simply by measuring 
changes in thermal conductivity of the effluent gases, 
these are separated from the main peak. Glc also can 
be used effectively to purify materials as well as to 
detect impurities. To do this, the sample size and the 
size of the apparatus may be increased, or an 
automatic system may be used wherein the products 
from many small-scale runs are combined.[16] 
 

2.1.2 Liquid-Solid Chromatography 
Liquid-solid chromatography originally was developed 
for the separation of colored substances, hence the 
name chromatography, which stems from the Greek 
word chvoma meaning color. In a typical examination, 
a colored substance suspected of containing colored 
impurities is dissolved in a suitable solvent and the 
solution allowed to percolate down through a column 
packed with a solid adsorbent, such as alumina or 
silica, as shown in Figure 9-3. The "chromatogram" 
then is "developed" by passing through a suitable 
solvent that washes the adsorbate down through the 
column. What one hopes for, but may not always find, 
is that the components of the mixture will be adsorbed 
unequally by the solid phase so distinct bands or 
zones of color appear.[18] The bands at the top of the 
column contain the most strongly adsorbed 
components and the bands at the bottom the least 
strongly held components. The zones may be 
separated mechanically, or sufficient solvent can be 
added to wash, or elute, the zones of adsorbed 
materials sequentially from the column for further 
analysis. Liquid-solid chromatography in the form just 
described was developed first by the Russian 
biochemist M. S. Tswett, about 1906. In recent years, 
many variations have been developed that provide 
greater convenience, better separating power, and 
wider applicability. In thin-layer chromatography, which 
is especially useful for rapid analyses, a solid 
adsorbent containing a suitable binder is spread 
evenly on a glass plate, a drop of solution to be 
analyzed is placed near one edge and the plate is 
placed in a container with the edge of the plate below 
the spot, dipping into an eluting solvent.[17,19] The 
solvent ascends the plate and the materials in the spot 
move upward at different rates, as on a Tswett 
column. Various detecting means are used- simple 
visual observation for colored compounds, differential 
fluorescence under ultraviolet light, and spraying of the 

plate with substances that will give colored materials 
with the compounds present. In favorable cases, this 
form of liquid-solid chromatography can be carried out 
with submicrogram quantities of materials. An 
extremely important improvement on the Tswett 
procedure is highpressure solid-liquid 
chromatography. Increasing the input pressure on the 
system to 20-70 atmospheres improves the speed of 
separations by permitting the use of much smaller \olid 
particles (with more surface area) than would be 
practical for gravity-flow Tswett columns. Automatic 
monitoring of the column effluent by ultraviolet 
spectroscopy (Section 9-9) or by changes in the 
refractive index usually provides an effective means of 
determining how the separation is proceeding. [20] 
 

3. Health hazards of organic solvents  
3.1 Neurotoxicity  
Due to the low boiling point of most of the organic 
solvents, it can easily enter in our body via respiration 
as well as distribution in the air is rapid so the large 
group of mass is affected including the atmosphere. 
So, this becomes the most emerging issue in the field 
of occupational health.[21] In recent decade major 
presentation, meetings, and discussion with 
controversial subjects are happening. The nervous 
system is a major part which handles all the body. To 
be a person fit and fine he/she should have a good 
mental state. For fruitful research, a researcher should 
first survive with good health and mental condition. So, 
this is the key factor to be considered and various 
safety measures are recommended to follow for their 
life. Since once damaged to CNS or PNS is a 
potentially irreversible process such repeated 
exposure results in severe cumulative impairments. 
Usually, the neurotoxic solvents on exposure show 
neuropathy, psychosis, dyskinesia, peripheral 
neuropathy, pyramidal and other types of irreversible 
brain dysfunction, trigeminal neuralgia, anorexia, 
ototoxicity, encephalopathy, transverse myelopathy, 
facial paralysis, and limb numbness etc. The organic 
solvent exposure and contrast sensitivity comparison 
between men and women shows, the men visual 
impaired is wider than that of women over wide range 
of spatial frequencies, the researcher conclude this is 
due to higher body fat mass in women that can serve 
as a protective factor against neurotoxic effects in 
comparison to men.[20,21] 

 
3.2 Normal Hexane and Other Alkanes 
n-Hexane is a known chronic human neurotoxicant 
[4,23]. In animal and human, nHexane is metabolized 
into a gamma diketone, 2,5-hexanedione which is 
more potent neurotoxicant than the parent alkane [4]. 
The comparative study of the toxicity of n-heptane, 
nhexane, and n-pentane in peripheral nerve of the rat 
also shows n-hexane is far more neurotoxic than the 
Pentane and Heptane to the peripheral nerves of the 
rat [5,24] 

 
3.3 Aromatic Hydrocarbons 
 Benzene, xylenes, and toluene are aromatic 
hydrocarbon solvents widely used in past time and still 
popular but are quite limited due to their toxicity. In 
liver the Cytochrome P450 2E1 converts benzene to 



ISSN 2581-8716(Online)                                                                                               Vol. 4 Issue 1, Apr 2021 

 

Subharti Journal of Interdisciplinary Research                                                                               22                         
 
 

its metabolic form benzene oxide, which can further 
metabolize to various other intermediate like o-
benzoquinone and pbenzoquinone, which are the 
major metabolite for benzene toxicity. Based on the 
exposed dose the benzene affects the bone marrow 
that cause anemia, leukopenia, and 
thrombocytopenia, if even more exposure continued 
for longer time it leads to aplasia and pancytopenia. 
Due to this severe toxic effect of benzene, it is 
replaced with little safe xylene and toluene which has 
hematopoietic toxicity. The toluene is widely used in 
paints, thinner, glue, cleansing agent and the widely 
abused as an inhalant.[5,22] 
 

3.4 Halogenated Hydrocarbons  
Those containing at least one halogen atom like 
fluorine, chlorine, bromine, and iodine are referred to 
as a halogenated hydrocarbon. Some common 
halogenated hydrocarbon solvents are methyl 
chloride, chloroform, trichloroethylene, and 
tetrachloroethylene.[23] 

 
3.4.1 Chloroform toxicity 
 In 1847 chloroform was introduced as an anesthetic 
but due to its toxic effect no longer practiced as an 
anesthetic in human. Various options to chloroform are 
tried but due to some special character in organic 
synthesis it is still used in laboratory and chemical 
industry as solvents to put reaction, for extraction, 
purification etc. The metabolic product of chloroform is 
toxic because it can bind to the macromolecules like 
protein and lipids of the endoplasmic reticulum. The 
primary affecting organ is liver and causing necrosis. 
After liver, the kidney is the second target of 
chloroform after oral or inhalation exposure causing 
tubular necrosis, swelling, increased weight of kidney 
in rats after oral administration. Other carcinogenicity 
and chronic toxicity are reported with inhalation of 
chloroform .Depends on species, strain, and sex of the 
animals, metabolizing enzymes, chloroform shows 
kidney and liver tumor in a dose-dependent manner. 
The metabolic product of chloroform to phosgene 
severely affect the kidney. Chloroform toxicity in mice 
is being largely studied by many researchers. Different 
pathway of chloroform metabolism has been 
studied.[24] 

3.4.2 Methylene chloride toxicity 
It is also known as dichloromethane (DCM), the widely 
used solvent in organic synthesis.[21, 22] It can dissolve 
a wide variety of chemical compounds. Its density is 
higher than water so during extraction processes in 
organic synthesis it makes convenient not to collect 
the water layer to a separate flask, just put more DCM 
then shake and collect again repeated the same 
process and finally trace aqueous undesired part. But 
it is more toxic than ethyl acetate and cause burning 
irritation on contact with skin because it can easily 
melt the latex gloves and enter inside but cannot 
evaporate easily due to covered with gloves so cause 
irritation for a long time. So, if contact occurs with skin 
immediately remove the gloves and use a new one. In 
past, it was used in hairspray until 1989 and to remove 
caffeine from coffee. It is a potential human 
carcinogen which is the primary concern of it. The oral 
exposure to DCM can increase liver cancer.[23] 

3.5 Alcohols 
 Various kinds of alcohols are used in organic 
synthesis as a solvent, cleansing agents, and a 
reagent. Most common are methanol, ethanol, 
isopropanol, cyclohexanol, diethylene glycol etc. Usual 
pronounced term is ‘toxic alcohol’ which is a collective 
meaning representing methanol, ethylene glycol and 
isopropyl alcohol.[24] 

3.5.1 Methanol toxicity 
 Methanol can cause serious effects like acidosis and 
retinal damage. In liver methanol converted to formate 
in the presence of enzyme alcohol dehydrogenase, 
which is toxic. Methanol can produce severe acidosis 
and retinal damage. The intoxication by methanol can 
cause various effects like retinal edema, ocular 
lesions, loss of ganglion cells, demyelination of 
temporal retina, necrosis of cells with or without 
significant hemorrhage . Methanol can cause 
abnormal movement of the body usually due to 
drinking of homemade liquor contaminated with 
methanol.[25] 

3.6 Ether 
The commonly used ether solvents are diethyl ether, 
tetrahydrofuran, 1,4-dioxan etc. The ether solvents are 
toxic, many experimental models showed the toxicity 
of ether to the HepG2 cells [59], toxicity to blood 
lymphocytes [60], testicular toxicity [61], 
carcinogenicity. The tetrahydrofuran (THF) shows 
CNS toxicity with dizziness, headache, loss of sense 
of smell and fatigue etc. [23,24] 
 

3.7 Miscellaneous Solvents 
3.7.1 Acetonitrile toxicity 
 Acetonitrile is a common organic solvent used in 
organic synthesis and chemical industry. It is 
hazardous to health and even can cause death. 
Usually, the effect associated with it is from the inward 
breath of its vapors or contact of fluid to skin and eyes. 
Acetonitrile interferes with oxygen requirement for cell 
breath and leading to cytotoxic anoxia. The potential 
safety hazards with acetonitrile should be considered 
when using strong acid or strong base because 
acetonitrile can be hydrolyzed by it.[25, 26] The 
concurrent exposure to acetonitrile and acetone 
increases the toxicity of acetonitrile. The metabolized 
form of acetonitrile is cyanide which is severely toxic to 
animals and human. The amount of formation of 
cyanide from acetonitrile is increased with co-
administration to acetone. The mechanism of 
acetonitrile toxicity revealed the detail pharmacokinetic 
distribution of acetonitrile to the different body parts, 
leading to a CNS major toxicity. [26] The acetonitrile 
toxicity in human is due to the in vivo formation of 
cyanide as a metabolite, the associated onset signs 
and symptoms depend on exposure route, amount, 
and duration of exposure. However, it is typically 
delayed from 2 to 13 h due to the slow conversion rate 
to cyanide. Various signs and symptoms are: a) 
respiratory: bronchial/chest tightness, respiratory 
insufficiency; b) Cardiovascular: bradycardia, 
tachycardia, hypotension, cardiac arrhythmia, cardiac 
arrest, and death; c) neurologic: headache, dizziness, 
confusion, agitation, seizures, weakness, and coma; 
d) gastrointestinal: initially nausea and vomiting are 
common, leading to metabolic acidosis and lactic 
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acidosis. The 1-2 g/kg of acetonitrile ingestion is lethal. 
The proper understanding of acid-base chemistry with 
structural interactions could be helpful in finding the 
solvents interactions and generation of relative toxic 
products. [21] 
 

3.7.2 Dimethylformamide 
 In short it is written and spoken as DMF. It is a polar 
aprotic solvent with high boiling point. It is miscible 
with water and majority of the organic solvents. At an 
elevated temperature DMF hydrolyzed by strong acid 
and base. It is also used as a reagents in many cases, 
like a reagent in the Vilsmeier-Haack reaction where it 
first convert to chloroiminium ion known as Vilsmeier 
reagent that attacks arenes. Many research has been 
carried out to reveal the toxicity of DMF, viz 
hepatotoxicity and other many more.[19,23] 
 

3.7.3 Acetone 
 Acetone is a simplest and smallest ketone, colorless, 
volatile and a flammable liquid, widely used in 
cleansing purposes in chemical industry, research 
institute and other generalized form. It is miscible with 
water that increases its use in cleansing.[18] 

4. Conclusion  
 In research laboratory and chemical industry, organic 
solvents belong to the most important group of 
chemicals due to its huge amount of use annually. 
Thus, the solvents revel a major part of human as well 
as environmental toxicants. In the research and 
chemical industry, the selection of solvents for reaction 
process as well as cleansing and other chemical 
processes and the waste solvent management all 
mostly depends on economic, logistic and safety 
considerations. The environmental concerns are often 
of minor consideration for the decision makers also 
due to lack of easy availability of proper tools, which 
accumulates such happenings from large groups of 
chemicals industry, institute, researcher etc. which 
leads to a big problem to the environment, human and 
all around us, leading to a chemical toxicity. In this 
review, we have presented a general overview of 
solvent’s nature and their toxicity. The primary person 
who works with chemicals is the key person, so after 
studying these kinds of detail information we hope the 
researchers and all the concern bodies will make a 
proper solvent selection and practice accordingly to 
save their life as well as the environment where we 
live.         
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Abstract 
Rationale, aim and objectives: Cerebral palsy is a common cause of physical inability. This review was aimed to 
recognize the evaluative tools and various treatment protocols for person of cerebral palsy. Method: We had done 
a review of literature of Cochrane library, Ovid MEDLINE and GOOGLE SCHOLAR, CINAHL till February 2021. We 
evaluate scales available for different symptoms in CP child as well treatment for these impairments. Result: 
Cerebral palsy was the primary goal of findings in 248 studies. Out of these, 58 studies were not proved the 
definition of cerebral palsy. 96 studies reported treatment of cerebral palsy for different domain, 25 studies used 
assessment and 19 studies define alone and 50 for the physiotherapy treatment of the CP child. Conclusion : 
Many cerebral palsy scales are available, but only a very small number of scales were thoroughly validated for use 
in clinical practice in India. There are different management techniques available but none of them cure most of 
symptoms.  
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Introduction 
Cerebral palsy (CP) is an Broad term for  many 
conditions.1 It is a neurological problem which mainly 
affects the children.2 Due to the damage of fetal brain 
the movement and posture disorder occurs and also 
affects intelligence, vision, hearing,3gait, cognition, 
growth and sensations. 2 to 2.5 children per 1,000 
born are  suffered with CP in the United States.4 In this 
disorder a permanent non progressive changes were 
occur in fetal brain.5 The incidence of CP worldwide is 
approximately 2 to 2.5/1000 live births. Developmental 
delay and motor deficits are usually main 
presentations of CP child.6 The overall birth 
prevalence of CP is approx 2 per 1,000 live births.7 
The movement and posture disturbance are 
sometimes permanent which causes problem in daily 
living.8 CP can be classified on the basis of both 
Pathophysiology and area of brain   involve, and 
presentation of symptoms.9 Presentation of CP shows 
both some negative sign like weakness of skeletal 
muscles and delayed milestones and some positive 
signs like a velocity dependent increased muscle tone 
with spasticity, Clonus, rigidity, spasms and hyper 
reflexia. Mixed CP are  those who shows a 
combination  of features such as epilepsy, feeding, 
nutrition, growth problem, mental retardation.10 There 
are so many other problems which CP child suffer with 
like bladder dysfunctions, bowel dysfunction, drooling, 
sleep disturbances, hearing loss, visual abnormalities, 
orthopedic associated sensory impairment which are 
not properly understood.11 CP classified as 
Hemiplegics, Paraplegics, Tetraplegics, Diplegic, or 

Monoplegics.10 Inflammation and  coagulation 
abnormalities are the main cause of CP along with 
hypoxic ischemic encephalopathy.12 Some other 
causes of CP are placental insufficiency, uterine 
infection, metabolic disorder, placenta previa and 
neonatal asphyxia; and intra ventricular hemorrhage of 
the newborn, Periventricular Leukomalacia (PVL), 
blood infection, and perinatal stroke.13  CP can only be 
Diagnose after a few months from the birth. Evaluation 
of CP can be done by monitoring the signs and 
symptoms, growth and development, medical history 
and by conducting a proper physical examination. A 
series of tests to make a diagnosis and rule out other 
possible causes are brain-imaging technologies as, 
MRI which can often identify lesions or abnormalities 
in child's brain by using radio waves and a magnetic 
field to produce detailed 3D or cross-sectional images 
of child's brain. A cranial ultrasound uses high-
frequency sound waves to produce images of the 
brain. Electroencephalogram (EEG) is also helpful in 
diagnosis as it records the electrical activity of child’s 
brain. Tests on the blood, urine or skin might be used 
to screen for genetic or metabolic problems along with 
some specialized tests are also to be used to  assess 
the associated problems like Vision, Hearing, Speech, 
Intellect, Development and Movement  disorder should 
assess.14 

Physiotherapy is one of the most important parts of 
treatment. It involves exercises and activities that can 
maintain or improve muscle strength, balance, and 
movement, helps the child learn skills such as sitting, 
walking, or using a wheelchair. Other types of therapy 
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like Occupational therapy , Recreational therapy, 
Speech and language therapy  and Orthotic devices, 
Assistive devices and technologies include special 
computer-based communication machines, Velcro-
fastened shoes, or crutches, which can help make 
daily life easier. Certain medications can also be used 
as they help to relax stiff or overactive muscles and 
reduce abnormal movement. Surgery may also be 
required if symptoms are severe. For instance, surgery 
can lengthen stiff, tightly contracted muscles.15  
 

Physical therapy can improve  
Coordination, Balance, Strength, Flexibility, and 
Endurance, Pain management, Posture, Gait and 
Overall health. These different types of exercise have 
specific benefits for each type of cerebral palsy.16 
These exercise improve varying degrees of muscle 
control, balance, and mobility, maintain muscle tone, 
decrease the chances of deformities and also reduces 
physical discomfort and pain.14 Physiotherapy is much 
helpful in treatment 17of deformities which are related 
to the Cerebral Palsy.18 
 

Methods 
We review the literature by various online search 
engines like Cochrane library, Ovid MEDLINE and 
EBSCO CINAHL for research articles published in 
English, using the following search terms: cerebral 
palsy, assessment scales for cerebral palsy, different 
assessment tools for cerebral palsy, treatment 
protocol for cerebral palsy, Physiotherapy 
management of cerebral palsy, treatment techniques 
for cerebral palsy, treatment and management of 
different impairment of cerebral palsy. Research 
studies (review and research) that reported 
assessment and management of cerebral palsy for 
both children and adults were included in the literature. 
No date restrictions were used, with citations 
published until February 2021 included. Initially the 
titles and abstracts were screened for relevance. The 
most relevant articles were downloaded and evaluated 
for inclusion in the review. The reference lists of these 
articles were also checked for other potential relevant 
studies, and these studies were also retrieved. 
 

Treatment and Assessment of Different 
Impairments 
Approaches: So many approaches are effective for 
treatment of different impairments these are-   

 Neurodevelopmental treatment also known 
as Bobath Approach19  

 Sensory integration, Body-weight support 
treadmill training, Conductive education 
hyperbaric oxygen therapy 18  

 Constraint -induced Movement therapy20  
 The patterning 21  
 Passive Stretching22  
 Weight bearing 23 and  
 Serial casting24 

 
Spasticity  
Spasticity is one of the main reason of disability in 
children and adults suffering from CP.25 For the 
assessment of spasticity Ashworth, Modified Ashworth 
and Tardieu are most commonly used.26  The Tardieu 

Scale shows excellent intra rater and inter rater 
reliability.27 Total 24 scales are present which are use 
for the assessment of the spasticity.28 There are a 
number of treatments available for the management of 
spasticity.29 These are:  

 Splinting, Casting and Orthoses and Serial 
Casting29 along with Pharmacological 
interventions including oral administration of 
baclofen, diazepam, dantrolene and tizanidine, 
intrathecal baclofen, and local injections of 
botulinum toxin, phenol, and alcohol.30  

Selective dorsal rhizotomy31 is the surgical 
management of hypertonia.32 There are a number of 
different approaches related to Physiotherapy which 
seems effective in the treatment of spasticity are the 
Bobath technique, Sensory integration therapy, 
Poprioceptive neuromuscular facilitation, Massage, 
Stretching, Bracing , Serial Casting, Ice (cold), heat 
and positioning.29  
 

Dyskinesia  
Dyskinesia, a non-specific term, generally refers to 
abnormal movements.33 Dyskinesia is the second 
most common type of impairment of cerebral palsy.25 
It is a neurological movement disorder characterized 
by involuntary muscle contractions, slow repetitive 
movements, and abnormal postures of the trunk, neck, 
face, or arms and legs.34 In Dyskinetic CP, sudden 
tight involuntary contraction and involuntary twitching 
and writhing are present simultaneously.35 The Burke–
Fahn–Marsden Dystonia Rating Scale (BFMDRS), 
Barry–Albright Dystonia Scale (BADS),  Unified 
Dystonia Rating Scale (UDRS), Movement Disorder-
Childhood Rating Scale (MD-CRS), Movement 
Disorder-Childhood Rating Scale 0–3 Years (MD-CRS 
0–3),  and  the Dyskinesia Impairment Scale (DIS) are 
used to assess dyskinesia.36 Oral drugs, intrathecal 
baclofen and deep brain stimulation, are promising 
options for the treatment of Diskinesia.37 Muscle 
relaxants, medicines for sleep problems, and gastric 
reflux medicines are also effective in some cases.33 
 

Dystonia  
Dystonia is classified in to primary and secondary 
dystonia.2 The assessment of dystonia is still not well 
understood due to the complexity of the symptoms 
and lack of researches.38 The Amiel- Tison 
Neurological Assessment (ATNA) at term, Neonatal 
Intensive Care Unit Network Neurobehavioral Scale 
(NNNS), Premie-Neuro for newborn infants, and the 
Hammersmith Infant Neurological Examination (HINE) 
for infants aged 2 months to 2 years. For children 
more than 2 years, the Neurological Sensory Motor 
Developmental Assessment (NSMDA) scales are used 
for rating of dystonia.39  Bobath's neuro-developmental 
technique, inhibitory splinting and casting technique 
are much helpful in hypertonia.40 Passive stretching is 
effective as it causes change in a joint that already has 
contracture.41 
 

Motor abilities 
Gross Motor skills are fundamental to childhood 
development.42 For the assessment of the motor 
abilities in CP child 17  tools are used.12 Functional 
limitation of CP child not only depends on the age of 
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the child but  also according to Gross motor function 
classification.43 The Gross Motor Function 
Classification System (GMFCS) is used to explain 
motor function in children with Cerebral Palsy (CP).44 
The gross motor functioning is mainly assessed by two 
tools: Gross Motor Function Classification System 
(GMFCS) and Functional Mobility Scale (FMS)10 
Sarah scale also used.45  Gross Motor Function 
Measure (GMFM-88) is also used for the assessment 
of gross motor functioning.46 Gross Motor Function 
Measure (GMFM-88) and (GMFM-66) were used as 
outcome measures to determine the changes in gross 
motor function in children with cerebral palsy 
undergoing treatment.47 The Gross Motor Function 
Measure (GMFM) and the Pediatric Evaluation of 
Disability Inventory,48 fulfill the criteria of reliability and 
validity with respect to responsiveness to change.49 
The autologous bone marrow-derived mesenchymal 
stromal cell transplantation improves motor function in 
patients with central nervous system disorders.42 The 
Neurodevelopmental treatment improved gross motor 
function in children with cerebral palsy in four 
dimensions (laying and rolling, sitting, crawling and 
kneeling, and standing). However, walking, running,50 
and jumping51 did not improve significantly.52 The 
recreational horseback riding therapy (HBRT)18, 
Modified Adeli suit therapy (MAST)53, Throwing and 
Catching games, Running and Changing Direction, 
Jumping activities, Climbing activities, Balancing 
activities, Target practice, Ball games and Skipping 
activities are also improves the gross motor 
functioning.51 

 
Gait 
Motor problems in CP  causes gait deviations.54 So 
assessment of gait in these children is essential.55 
Spastic CP most commonly suffering from disorder of 
gait.56 Observational tools are found from the available 
literature from which the Edinburgh Visual Gait Scale, 
the Visual Gait Assessment Scale  and the 
Observational Gait Scale are commonly used for the 
assessment of gait in CP child.57 Edinburgh Visual 
Gait Score58, Physician Rating Scale in children with 
hemiplegic cerebral palsy also shows good 
psychometric properties59 for walking abnormalities.60 
Multichannel neuromuscular electrical stimulation, can 
substantially improve gait patterns and promote 
muscle strength in children with spastic CP.61 Physical 
therapists use a range of mobility aids to 
make therapy more effective. Braces, casts, splints 
Exercise, balls and shoe inserts are types of orthotic 
equipment used to help with walking, posture and joint 
mobility.62 

 

Balance 
Postural control and balance is also an important 
component of gait disorder in CP child.63 We found 22 
tools for the assessment of the balance. These are the 
Berg Balance Scale (BBS), the Functional Reach Test, 
the Functional Walking Test, the Heel-to-Toe Stand, 
the Level of Sitting Ability, the Level of Sitting Scale, 
the Modified Posture Assessment Scale, the Pediatric 
Balance Scale, the Pediatric Reach Test, the Pediatric 
Clinical Test of Sensory Interaction for Balance, the 
Posture Assessment Scale, the Posture and Posture 

Ability Scale, the Seated Posture Control 
Measurement  the Segmental Assessment of Trunk 
Control , the Sit- ting Assessment for Children with 
Neuromotor  Dysfunction, the Sitting Assessment 
Scale, the Spinal Alignment for Range of Motion 
Measure, the Timed One-Leg Stance, the Timed Up 
and Down Stairs, the Timed Up and Go, the Trunk 
Control Measurement Scale, and Trunk Impairment 
Scale.64 Physical therapy provides patients with 
exercises, stretching techniques, balance routines, 
and other regimes that promote strength, balance, 
coordination, increase muscle tone, and more. Aquatic 
therapy, Mobility Aids, Orthotic devices  can help 
children with walking and reduce the chances of falling 
include Foot or ankle-foot orthotics, Spinal orthotics, 
Knee orthotics, Knee-ankle orthotics and walkers also 
come in various kinds, including: (Two-wheeled 
walkers, Four-wheeled walkers, Gait trainers, Walkers 
with chest support and Suspension Walkers). 
Canes can also be used, common types of canes 
include (:Non-folding, Folding, Quad, Tripod and 
Folding canes with seats). When walking issues are 
severe, orthopedic surgery may be recommended  for 
correction of spinal curvatures correction of joints and 
tendons and prevention of hip dislocation.65 
 

Cognition 
Cognition impairment is most commonly seen in CP 
child.66 Nine give psychometric result for CP children. 
The included tests were The Columbia Mental Maturity 
Scale, The Leiter International Performance Scale, 
The Peabody Picture Vocabulary Test, The Pictorial 
Test of Intelligence, The Raven’s Colored Progressive 
Matrices, The Stanford–Binet Intelligence Scales, The 
Wechsler Adult Intelligence Scale, the Wechsler 
Intelligence Scale for Children, and The Wechsler 
Preschool and Primary Scale of Intelligence.67 For the 
treatment of cognition Aerobic activity, seems 
effective  along with Muscle-strengthening activities 
should be done.65 

 
Pain 
In CP children pain is also a significant factor that 
impacts the quality of life of these children.68 Pain in 
children with CP is not commonly known and left 
untreated so it becomes chronic.69 Chronic pain 
affects health both emotionally and psychologically.70 
For more than 3 months, pain remains known as 
chronic pain. The literature includes a total of 54 
chronic pain assessment tools which have strong 
psychometric properties from which 15 chronic pain 
assessment tools were chosen for inclusion in the best 
practice toolbox. The tools are Body Diagram, non-
communicating Children’s Pain Checklist-Revised, 
Pediatric Pain Questionnaire, and track pain over time 
(Bath Adolescent Pain Questionnaire, Child Activity 
Limitations Interview, Pediatric Pain Interference 
Scale, or both (Pediatric Pain Profile). They relied on 
observational, self-report (Body Diagram), or 
combination reporting styles. All tools had been 
validated with a pediatric population and a diverse 
variety of medical conditions.71 
Medications can be one strategy for reducing pain in 
children with cerebral palsy, although they are not 
typically used alone. Antispasmodic medications, 
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Anticholinergic drugs, anti-inflammatory, Baclofen an 
antispasmodic and Surgery is used sometime.72 Other 
strategies to help relieve pain include muscle 
assage, acupuncture, ice packs and heat therapy, 
hydrotherapy, and cognitive behavioral therapy.73 
 

Discussion 
In this systematic analysis of clinical studies using 
cerebral palsy as the primary endpoint, we found 
various descriptions of cerebral palsy, 167 separate 
assessment scales for 8context, a large variance in 
evaluation methods and CP rates recorded, and very 
little psychometric examination of the current scales. 
CP is manifestation of a wide range of cortical or sub 
cortical cerebral attacks that occur during the first year 
of life.4 There are broad range of symptoms found in 
cerebral palsy from them spasticity, dystonia, 
dyskinesia, gait abnormalities, balance disorders, 
cognition abnormalities and chronic pain are the 
problem which are commonly face by   person 
suffering from cerebral palsy.74 There is no uniformity 
of composite measures as to how many symptoms 
can be present to apply for cerebral palsy. 
Numerous incremental measures of symptoms 
severity gradation have been developed over the past 
40 years.75 The most appropriate technique and 
duration to produce the required effect.15 Physical 
management, Pharmacotherapy, Neurosurgical, and 
Orthopedic procedures combindly gives good 
results.31 There is a need of Multidisciplinary Approach 
in order to promote the independence of the child with 
impairment, both functionally and psychologically and 
to increase the quality of life of both the child and their 
family.65 
 

Limitations 
There are numerous shortcomings to our analysis. 
Like, we only collected researches that were 
conducted in English, analyzing various CP domains. 
Some domains are still not reviewed like scales for 
fine motor skills, hand functions and sensory 
assessment. We did not approach authors of the 
analysis to inquire for possibly undisclosed 
psychometric results. We are unable to find any older 
paper (pre-1985) that mentioned CP, so some earlier 
CP resources could have been missing. It is also likely 
that newer and undisclosed CP scales and treatment 
strategies are in use and yet unpublished, they not 
included in the study. 

 
Conclusion 
The selection of appropriate measurement tools is 
essential to clinical practice yet, it is unclear how best 
to assess CP because no existing scale has 
undergone for all impairments of CP. So many scales 
are available but most of them assess only one or two 
limitations of CP. For 8 impairments there are total 167 
scales are available but only 53 have psychometric 
properties and none of the scale is available which 
assess all impairments of CP. A wide range of 
therapeutic interventions has been used in the 
treatment and management of children with cerebral 
palsy. There is a need one or several different types of 
treatment depending on how severe the symptoms are 
and what parts of the body are affected. The treatment 

differs from person to person, depending on each 
one’s specific needs.  There is a need of a proper 
treatment protocol to improve function and 
adjustments for the young nervous system and 
musculoskeletal system.  If Physiotherapy treatment 
begin soon after diagnosis shows effective results. 
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Introduction 
Internet of things (IOT) it is a basically an advance 
network comparable to internet. It is used for both 
living and non-living things. It is also called as network 
and sensing devices, worked and based on real base 
data. It is not basically a computer, it may be phone, 
watch thermostater, electric meters, cloth, sensors etc. 
it is depend on 5’A i.e. Anything, Anywhere, Anytime, 
Anyway & Anyhow.Internet of things (IOT) means 
Instruments, Interconnect, intelligently processed. With 
the help of IoT We can find the things quickly and can 
also Delegate the things which is connected to the 
internet based on IoT. IoT is depend on the 4 Levels of 
Smartness which are as follows: 

a.) Passive:-It is used for communication to read 
the Radio Frequency Identification, as IoT is 
based on the Radio Frequency Parameters. 

b.) Active: - It is used in communication with the 
help of Sensors like home auto mobilization. 

c.) Aware: - Purpose of work based on simple 
calculation and computation. 

d.) Autonomous: - Basically used to find the 
decision which is programmed in the devices. 
Decision should be based on the input and 
output strategies. 

Internet of Brains: It is used to communicate the 
living things. It is used to send the signal from one 
person to another person. This application is used for 
preferably handicapped person who are not able to 
move from one place to another place and facing 
difficulties to send or receive signal. 
This paper basically focuses on road (highway) crime 
activities such as Drug Smuggling, Human trafficking, 
Child Exploitation, Organized , kidnapping, Knife 
activities so on…We can keep an eye on  these type 
of activitiesby the help of 4 types of sensors which are 

embedded in IoT device .We use IoT forensic 
techniques  to investigate the crime on road . IoT is a  
 
booming technology in it sector that give new direction 
to human being life. It is accessing via internet. 
IoT is a type of network connecting device such as 
sensor, electronic device, CCTV camera etc. This is  
programmed in such way that it provide automation for  
the electronic devices that are connected in 
IoTinfrastructure .Some of the common devices that 
are used  in day by day life are such as fan, 
refrigerators, AC, and TV etc. 
This technology promises smartly integrated 
technology &equipped together in form of IoT product. 
IoT is further advancement of machine learning and 
Artificial Intelligence (AI). 
The demand of IoT is increases day by day. 
There is no limitation of this technology and also an it 
is available in every field such as medical, healthcare, 
agriculture, home appliances and smart industries and 
many more. 
INTERNET is a global computer network that consists 
group of networks and these network provide variety 
of information and communication facilities of 
consisting it also uses standard protocol. 
Things are object that are present in our surroundings. 
Internet of Things is a dynamic technology in this 
technology objects recognize themselves and it has 
good decision taking capabilities which is based on 
real life facts and information.  
Basically this technology aims to make the effective 
object and then human can control and coordinate 
these objects according to their needs and access 
these objects anytime, anywhere. 
Today’s a is very busy life so IoT play very important 
roles in this situation  suppose that have you ever 
been in situation where you want to the office  and 
forget to switch off your home appliances like TV, 
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refrigerator,  and light & right now you are helpless 
that you cannot return home to switch off? This 
situation IoT comes in your mind. And then IoT will 
remind you to essential tasks that often forget to do. 
Also using the mobile application you can access your 
home appliances which is integrated with IoT that’s 
why you can access it anytime anywhere from the 
world. 

IOT FORENSIC: In IoT device there are many 
opportunity to bad actor access your personal data for 
miscellaneous use so that we use digital forensic. 
IoT forensic also called digital forensic basically this is 
a technique and we also can say it is a 
process identifying, preserving, analyzing and 
presenting digital evidence to the court of law. 

SENSORS: It is a device that receives a signal & 
response to inventive form of the electrical signal. The 
output signals crosses ponds   some of the electrical 
signal such as voltage & current. The sensor received 
different type of signal such as Chemical, Physical,and 
Biological signal and convert them electrical signal. In 
IoT the main purpose of sensor is to collect all the data 
from surrounding environment and it is most important 
part of IoT infrastructure because IoT work based on 
the data which is collected by sensor. In this research 
we use 4 different sensors Such as  

 
Humidity Sensor: IOT Humidity Sensor used to 
sense the amount of surrounding temperature and 
humidity and send the data to the actuators. 
Then actuator transfer the weather related information 
to the cloud then cloud send data to meteorological 
department and this information help to the weather 
forecasting. 
This sensor helps to decreases the accidents due to 
causes of weather. There are many type 
of temperature and humidity sensor but in this 
scenario we use DHT11 sensor is a basic ultra-low-
cost digital temperature and humidity sensor. This is 
used to measure temperature and this is a good range 
for measure both humidity and temperature. 
Relative Humidity range of DHT11 is 20-95% 
Temperature range of 0-50 oc with accuracy of +/- 2 oc 

 
Accelerometers: 
One of sensing device is the name of Accelerometers 
and it detect an object acceleration that is rate  change 
of  the object speed with respect to the time .It is also 
detect changes to gravity. Accelerometers include 
smart pedometers and monitoring driving fleets. They 
can also be used anti-theft protection altering the 
system if an object should be stationary is moved. 

 

 

Sound sensor: 
Sound sensor is a defined as a module that detect the 
sound wave through it sound intensity that convert the 
sound wave to electrical signal. When sound sensor 
device detects the change in intensity. It captures 
sound and then sends the cloud. The Simple sound 
sensors like the ones present from Seed Studio are 
mainly in expensive and there are many use can For 
example, detecting the presence of sound in an 
otherwise quiet room. There are also sound 
recorders available in sensor which is not only detect 
sound but also record it as soon as the intensity 
changes. That's particularly useful in security. 
 

 

Image Sensor: 
Image sensor is a sensing device which is gather the 
information related to the images. We can also say 
that it is smart camera which has a capability to 
capture the images and also change its mode 
according to our convenience. 

 

 

LoRa WAN: 
LoRa WAN is stand for Low power wide area network. 
Which is developed for IoT and M2M devices.It is low 
power wireless standard for providing a cellular style 
low data rate connectivity over the significant distance. 
LoRa is a modulation and radio interference. This is to 
be designed and optimized to offer the exactly type of 
communication network needed to IoT and M2M. 
LoRa is a physical layer and wireless network it is 
used to create long distance communication link. 
LoRa is a network topology is based on Chirp spread 
spectrum modulation. This is similar to the FSK 
(Frequency Shift Key) modulation & it increased the  

TABLE OF HUMIDITY SENSOR 1.1 

SENSOR 
NAME 

OPERATIN
G 
HUMIDITY 
RANGE 

OPERATING 
TEMPERATUR
E RANGE 

On-
Board 
Antenn
a 

SUPERIER 
LOS 
RANGE 

HUMIDITY 
SENSOR 

0 to 100% -40 TO + 85 0C 2 Miles 
Range 
with 900 
MHz  

28 Miles 
With 900 
MHZ High 
Gain 
Antennas  

TABLE OF ACCELEROMETERS 1.3 

LOCATION USAG
E 

FREQUENC
Y 

ACCELERATIO
N 

HEAD Tilt 0-8HZ xx 

HAND, 
WRIST,FINGER 

Cont. 8-12HZ 0.04-1.0 g 

HAND, ARMS, 
UPPER, BODY 

Cont. 0-12HZ 0.5-9.0 g 

FOOT, LEG Cont. 0-12HZ 0.2-6.6 g 

TABLE OF SOUND SENSOR 1.4 

SENSOR NAME SOUND  SENSOR 

OPERATING CURRENT 4~5MA 

OPERATING VOLTAGE 3.3/5V 

VOLTAGE GAIN 26(V=6V, 
F=1KHZ) 

SIGNAL TO NOISE RATIO 54DB 

TABLE OF IMAGE SENSOR 1.2 

SENSO
R NAME 

STRUCTUR
E TYPE 

CHROM
A TYPE 

SHUTT
ER 
TYPE 

CLASSIFICATIO
N  

 
IMAGE  
SENSO
R 

 
CCD OR 
CMOD 

 
Color 
OR 
Monochr
omatic  

 
Global 
or 
Rolling 
Shutter 

Resolution, 
Frame Rate, 
Pixel Size and 
Sense format 

https://www.seeedstudio.com/Grove-Sound-Sensor-Based-on-LM386-amplifier-Arduino-Compatible.html
https://www.seeedstudio.com/Grove-Sound-Recorder-p-904.html
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range of network significant. 

 
Chirp Spread Spectrum Modulation:  
The term Chirp spread spectrum modulation uses its 
entire allocation bandwidth to broadband signal. It is 

broad band spectrum and also resistant to multi path 
fading even when it has operating at very low power.

 
 
Introduction Diagram: 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig indicates the General description of the IoT 
network Routing, in this block diagram an Active 
Network which is installed in the server room. Server 
room was connected to main centre of the branch of 
the configuration room. Then the server room is 
connected via network room and traffic lights are 
connected to the both server room and IoT network. At 
traffic lights four types of sensors are connected in 
such a way that the output is occurred when any illegal 
activity occur 

 

 
 
 
 
The four types of sensors are Humidity sensors which 
works as a weather monitoring, 
AccelerometersSensors which is used to measure the 
Movement of object on theearth. Sound sensors is 
used to capture the sound on the highway and Image 
Sensors is used to check and analysis the image for 
criminal activity. Then all the sensors are connected in 
the Network which is a Long Range wide area network 
(LoRaWAN), finally output is received in the server 
room.

Block Diagram of IOT at Forensic on Road 
 

 
 
 

 

 

 

Fig Shows the block Diagram of the IoT at forensic on 
Road, in this Block Diagram wide area network is 
connected to the server room and at a traffic lights 
timid square unit is connected which work as a timing 
square to analysis the time for traffic lights. Then at 
the same time server room of active network is 
connected to the traffic lights which analysis the all 
activity at a proper time. For Clarification Noise filter is 

also used to clarify the noise at the same time. Then 
after the sensors are active when any illegal activity 
occurred. All the sensors is active and send the signal 
to the server room which IoT forensic technology is 
active and with the help of sensors all output is 
received by server room instantly so that within time 
the process should be done.

Server room Traffic lights Sensors 

Humidity Sensors Accelerometers 

sensors 

Sound Sensor

  

 

Image Sensors 

Network connected (LoRa 
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Output 

WAN network 
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Timid 
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Block Diagram of Proposed Resolution Output of IOT at Forensic 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 

 

 

Fig shows the proposed methodology of the IoT 
forensic on road, In this methodology the process 
should be started when any illegal activity is occurred 
through the sensors, when sensors detect the any 
illegal activity after that signal is transmitted through 
wireless and at the same time signal is also 
transmitted to the server room and the controlled room 
precisely the signal is transmitted to both through 
wireless and controlled room. When signal is received 
to the server room at the detected centre the sensors 
are active at a time so that all the illegal work occurred 
at the same time.The four types of sensors are 
Humidity sensors which works as a weather 
monitoring, Accelerometers Sensors which is used to 
measure the movement of object on the earth. Sound 
sensors is used to capture the sound on the highway 
and Image Sensors is used to check and analysis the 
image for criminal activity. 

 

 

 

 

At the output the resolved output is received in the 
server. 
All the processes should be done through the sensors 
all sensors should be inactive when no illegal activity 
occurred, as any illegal activity occurred all the 
sensors and server room is active to analysis the 
activity. As crime rate is increases day by day and 
mostly crime and illegal activity happened on roads 
specially highways and national highways so for 
precautionary measure we installed this system to try 
to low the crime rate and appropriate process can be 
taken without delay. Mostly crime rate is increases in 
night so and all traffic light is activated 24 hours by 
using this our IoT software work in all day and night to 
try find out the illegal activity. 

Proposed Methodology:- 
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Fig shows the proposed methodology of the IoT based 
forensic on road with in methodology all the signal and 
should be transmitted to the cloud server which is 
worked as a output of the server room 
Proposed Technique:-In this proposed technique all 
the sensors are connected which gives the following 
function to each sensors which are as follows: 
a) Storage: it is used to store the data at the 

particular time; Data depend upon the storage of 
the devices. All the storage data should be store 
in the controlled or server room. 

b) Monitoring Phase: it is used to monitoring the 
road and active when any illegal activity occurred. 

c) Scanning and identification: In this scanning of 
each every moment is active on the road and the 
sensors works only when any activity occurred in 
the Highways. Identification message also sends 
to the controlled room via server. 

d) Cloud Server: It is work as an Output in which all 
the data is stored. 

Within this proposed techniques any illegal activity or 
any mish peening thing happened on the road then all 
the sensors are active and sends the message signal 
Result and Discussion: In the Result we get all the 
data followed by sensors to the controlled room or 
server room for find out the facts related to the activity. 
As crime rates is increases day by day so with the 
help of this Project we can overcome or limitation the 
illegal activity happened on highways and National 
Highways. 
Future Scope: In Future scope we add the following 
this which are as follows: 

a. A sensors is used to detect the history of 
vehicles like owner Registration. 

b. GPS arealso enabled. 
Key characteristic of LoRa: 
Batter battery life 
Low Cost. 
Limitation of data throughput of capacity. 
Large deployment 

Advantage: 
This network topology used communication 
technology long range capability such as signal 
gateway based station & it can give services to entire 
city or hundreds of square kilometer. 
LoRa is a better link budget greater than any other any 
other standard communication technique. 

Conclusion: 
The proposed techniques which is based on the IoT 
gives the promising result in terms of network based 
on wireless area network sensor which can detect the 
illegal activity. This various connected devices in 
nature allows us to conceive new data analysis that 
are very expensive in terms of acquiring latest 
computer resources and tools. The knowledge 
management and could not be carried by a single 
tools or network device or secure firewall to protect 
from intruders from time to time. The forensic 
investigation process on these devices can be taken 
as challenge for modern forensic investigators but 
should get the results within idle time of the computer 
available in the forensic laboratory. 
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To compare the reliability of Modified Ashworth Scale and Modified Tardieu Scale in treatment 
of spastic cerebral palsy using tactile stimulation. 
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Abstract 
Background: CP is a group of clinical syndromes that describe permanent disorders of movement and posture. 
Spastic cerebral palsy is the most common form of the disorder. Children affected with spastic cerebral palsy 
have stiff muscles which cause jerky on repeated movements. To assess spasticity various scales are present. The 
purpose of this study is to analyse the interrater reliability of Modified Ashworth scale and Modified Tardieu Scale in 
children with Spastic Cerebral Palsy using Tactile Stimulation. Material and Method: This was an experimental 
study in which 14 children affected with spastic cerebral palsy were selected and then for seven days therapeutic 
intervention was given to them to reduce spasticity. Pre and Post readings of Modified Ashworth Scale & Modified 
Tardieu Scale were then recorded by two raters to compare the reliability of the scales. Statistical Analysis: The 
data was compiled and analysed by using EZR statistical software. Pearson’s Correlation Coefficient was used to 
obtain the reliability of MAS & MTS and Paired t-test was applied to determine the effectiveness of the intervention 
given. Result & Conclusion: Study concluded thatinterclass correlation coefficient for MAS obtained was excellent 
(between 0.75-1.00). However for MTS the results obtained were between moderate to good (fair being- 0.40-0.59 
while good being 0.60-0.74). Hence, the results for correlation between the two raters obtained were reliable. 
However, the effectiveness of the therapy was non-optimistic (p value >0.05, which was considered standard).  
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Introduction  
Cerebral palsy (CP) is a childhood condition in which 
there is a motor disability (palsy) caused by a static, 
non-progressive lesion in the brain. CP is a group of 
clinical syndromes that describe permanent disorders 
of movement and posture. It is characterized by 
abnormal muscle tone, posture, and movement, 
thereby limiting the activity of the affected person. The 
motor disorders of Cerebral Palsy are often 
accompanied with disturbances of sensation, 
perception, cognition, communication and behavior, 
epilepsy, and secondary musculoskeletal problems1. 
There are several types of cerebral palsy, classified 
according to the type of movement disorderinvolved, 
the body parts affected, and how severe the 
symptoms are. Some types involve intellectual and 
developmental disabilities (IDDs) as well as movement 
problems. 
Spastic cerebral palsy is the most common form of the 
disorder. Children affected with spastic cerebral palsy 
have stiff muscles which cause jerky on repeated 
movements. There are different topographical 
distributions of spastic cerebral palsy, depending on  
the body parts affected. Diseases such as stroke, 
traumatic brain injury, spinal cord injury, cerebral palsy  
and multiple sclerosis are associated with significant 
spasticity2. 

 
Spasticity as classically defined  by Lance as a motor 
disorder characterised by a velocity dependent 
increase in tonic stretch reflexes3 or a velocity 
dependent increased resistance to passive muscle 
stretch4-6, or alternatively as inappropriate involuntary 
muscle activity associated with upper motor neuron 
paralysis. Spasticity can result in functional problems 
with daily living activities (ADL) such as gait, feeding, 
washing, toileting and dressing7. 
The Modified Ashworth Scale and the Modified 
Tardieu Scale are two clinical rating scales that are 
widely used for assessing the spasticity8-10. 
To assess spasticity accurately in clinical practise and 
for research purposes, reliable and valid tools must be 
used. The Modified Ashworth Scale is a globally 
trusted clinical tool used to measure hypertonicity. In 
1964, Bryan Ashworth released the Ashworth Scale as 
a method of grading hypertonicity. The original scale 
was a five point numerical scale that graded 
hypertonicity from zero to four where zero denotes no 
resistance and four denotes the limb in question as 
either being rigid in flexion or extension. However, in 
1987, while conducting a study Bohannon and Smith 
amended the Ashworth Scale by adding 1+ to the 
scale to increase its sensitivity. 
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Since its alteration the scale was renamed as Modified 
Ashworth Scale and it has been applied in practice as 
a measure of hypertonicity.  
The Tardieu Scale was developed by Tardieu et al in 
1954. Held and Pierrot-Deseilligny modified it in 1969, 
and it was further modified in 1999 by Boyd and 
Graham. This latest version of the Tardieu Scale is 
called the Modified Tardieu Scale (MTS). The Tardieu 
Scale has been thought as a better alternative to the 
Modified Ashworth Scale for assessing Spasticity, as it 
measure and compare the muscle reaction to passive 
stretch at both slow and fast velocities11. The MTS 
considers R2, R1 and R2−R1 to measure spasticity. 
The R2 is the passive range of motion measured 
during slow passive stretch. The R1 is the angle of 
muscle reaction measured during fast passive stretch, 
and occurs in a particular angle of ‘catch’ from 
hyperactive stretch reflex. Large and small differences 
between R2 and R1 indicate spasticity and muscle 
contracture, respectively. Quality of muscle reaction 
during fast passive stretch is also graded based on 0–
4 scores and is defined as the MTS scores. 
The aim of this study was to analyse the interrater 
reliability of Modified Ashworth scale and Modified 
Tardieu Scale in children with Spastic Cerebral Palsy 
using Tactile Stimulation.   
 

METHOD 

Participants 
30 children were randomly selected and recruited for 
the study from the department of physiotherapy from 
the out-patient department of Jyoti Rao Phule Subharti 
College of Physiotherapy, Meerut. 23 participants 
were identified with spastic Cerebral Palsy (All 
topographical variations i.e., hemiplegic, diaplegic, 
triplegic, paraplegic and quadriplegic) 4 of which 
dropped out from the study owing to various reasons 
whereas 5 others were rejected from the study for 
having not met with the inclusion criteria (other types 
of CP i.e., ataxic, athetoid, mixed and flaccid). 
Inclusion Criteria 

1. Patients suffering from spastic cerebral palsy 
(All topographical variations i.e., hemiplegic, 
diaplegic, triplegic, paraplegic and 
quadriplegic). 

2. Age group 6 years to 12 years.  
3. All etiology where given prefence so as to 

gain a wide range of patients (Hypoxic 
Ishchaemic Encephalopathy, 
Hyperbilirubinaemia, Post trauma, Post 
seizures, etc). 

4. Consent was given by patient party. 
Exclusion Criteria 

1. All the other type of cerebral palsy (athetoid, 
ataxic, mixed and flaccid). 

2. Patient party withdrew or did not give 
consent. 

3. Ages not below 6 years and above 12 years 
of age. 

Raters 
Two raters both of whom are physiotherapists 
undergoing post-graduation in physiotherapy in 
Neurology from Jyoti Rao Phule Subharti College of 
Physiotherapy. Both have handled such cases and are 
intimately aware of the use and interpretation of both 

the scales. Both physiotherapists have been trained by 
neurophysiotherapists having more ten years of 
experience in the field. 
 
Tools and Testing 
The tools used in the study were GMFM-66, Modified 
Ashworth Scale and Modified Tardieu Scale.  
Gross Motor Function Measure (GMFM) is an 
assessment tool designed and used to evaluate 
changes in gross motor function with interventions in 
children with cerebral palsy. It was first developed in 
1997 as a five level clinical classification system. Items 
that span the spectrum of gross motor activities are (a) 
Lying and Rolling (b) Sitting (c) Crawling and Kneeling 
(d) Standing (e) Walking, Running and Jumping.  
The GMFM-66 is a subset of the original 88 items 
identified through Rasch analysis, Items are ordered in 
terms of difficulty and a unit of change has the same 
meaning throughout the scale ranging 0 to 100.  
The GMFM-66 provides information on the level of 
difficulty of each item thereby providing information to 
assist with realistic goal settings. 
The Modified Ashworth Scale is a universally accepted 
scale used to measure hypertonicity. It is a six point 
numerical scale. It is as follows: 
 

Table 1: Modified Ashworth Scale 

Grade Modified Ashworth Scale 

0 No increase in muscle tone 

1 Slight increase in muscle tone, with a catch 
and release or minimal resistance at the end 
of the range of motion when an affected 
part(s) is moved in flexion or extension 

1+ Slight increase in muscle tone, manifested as 
a catch, followed by minimal resistance 
through the remainder (less than half) of the 
range of motion 

2 A marked increase in muscle tone throughout 
most of the range of motion, but affected 
part(s) are still easily moved 

3 Considerable increase in muscle tone, 
passive movement difficult 

4 Affected part(s) rigid in flexion or extension 

 
The Modified Tardieu Scale quantifies muscle tone at 
specified velocities and has been suggested as 
superior to Ashworth Scale for assessment of neural 
vs. peripheral contributions of spasticity12-14. The scale 
is given in the below table: 
 

Table 2: Modified Tardieu Scale 

Grade Modified Tardieu Scale  

0 No resistance throughout the course of the 
passive movement. 

1 Slight resistance throughout the course of 
passive movement, with no clear catch at 
precise angle. 

2 Clear catch at precise angle, interrupting the 
passive movement followed by release. 

3 Fatigable clonus (<10s when maintaining 
pressure) occurring at precise angle. 

4 Infatiguable clonus (>10s when maintaining 
pressure) occurring at preciseangle. 

V1 As slow as possible  R1 Angle of catch seen at 
Velocity V2 or V3 
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V2 Speed of the limb 
segment falling. 

R2 Full range of motion 
achieved when muscle is 
at rest and tested at V1 
velocity. 

V3 As fast as possible (> 
natural drop) 

 

 
Adapted from Bohannon and Smith and Boyd et al 
Note: V1 is used to measure the passive range of 
motion (PROM). Only V2 and V3 are used to rate 
spasticity. 
 

Procedure 
 30 children were randomly selected from the 
department of Physiotherapy, of which 14 participants 
fulfilled the inclusion criteria as well gave their consent 
for participation in the study. The participants and their 
caregivers were explained in detail about the objective 
of the study and the intervention that would be 
employed.  
The raters performed their assessments discretely and 
a half hour gap was given between the two 
assessments. The order of assessment and sequence 
of muscle testing by two was sequenced. The muscle 
testing sequence was in order of Hip Adductors then 
Hamstring followed by the Plantar flexors.  
 

Table 3: Starting joint positions and Velocities 

Muscle Position Velocity 

Hip Adductors, 
Knee Extended 

Hips and Knee 
Extended 

V3 for R1 
V1 for R2 

Hip Adductors, 
Knee Flexed 

Hip Extended, 
Knee flexed by 
90˚ 

Knee Flexors, 
Hip Extended 

Prone lying, hip 
extended. 

Plantar flexors, 
Knee Extended 

Knee fully 
extended 

Plantar flexors, 
Knee Flexed 

Knee fully flexed 
by 90˚ 

 

The testing was performed with the child being 
emotionally stable & devoid of any anxiety, excitement 
or fear as any emotional distress may exaggerate 
muscle tone. The documentation of each raters was 
shared or discussed by both raters. 
Each child then underwent therapeutic intervention as 
predecided by the raters.  

 
Table 4: Interventions made in the study 

SI. 
No. 

Intervention Dosimetry Duration 

1 Gentle Rocking 
and Shaking 
Exercises using 
Swiss Ball 

3 sets; 10 
repetitions in each 
set 

- 

2 Slow Stroking 5 repetitions with 
30 second interval 
in between 

10 
minutes 

3 Prolonged Stretch 3 sets; 30 second 
hold with 3 
repetitions in each 
set. 

- 

4 Neutral warmth  - 10-20 
minutes 

(Ref. CASH’S Textbook of Neurology for 
Physiotherapists, 4th Ed.) 

Data Analysis 

Measurements by different raters overthe same child 
on day one and day seven were used to determine the 
interrater reliability. The interrater reliability was 
calculated for the Modified Ashworth Scale scores & 
Modified Tardieu Scale scores. EZR statistical 
software was used to analyse the data collected. 
Paired t-test was applied to determine the 
effectiveness of the therapy. Pearson’s coefficient for 
correlation was applied to determine the interclass 
reliability between the two raters. 
 

Table 5: Analysis of the data collected 

 
Result & Conclusion  
Fourteen children with a mean age of 8 years 9 
months (range 6 years 3 months to 11 years 7 
months) were included. Eight of them were male and 
six were female. Ten children had spastic diplegic 
cerebral palsy, and four had triplegic cerebral palsy. 
Three of the children belonged to level II in the Gross 
Motor Function Classification System and eleven to 
level III. Children were rated twiceThe second ratings 
were done 1 week followed by seven days of 
therapeutic intervention. The Modified Ashworth Scale 
and Modified Tardieu Scale scores were distributed 
across the entire scales (Table 5). No child reported 
any discomfort during the testing procedure. The 
correlation coefficient for MAS and MTS for the 
targeted muscles has been given above (table 5). ICC 
for MAS obtained were excellent (between 0.75-1.00). 
However for MTS the results obtained were between 
moderate to good (fair being- 0.40-0.59 while good 
being 0.60-0.74). Hence, the results for correlation 
between the two raters obtained were reliable. 
However, the effectiveness of the therapy was non-
optimistic (p value >0.05, which was considered 
standard).  
 

Discussion 
Fosang et al concluded that the interrater reliability 
ofthe Modified Tardieu Scale was better than that of 
the ModifiedAshworth Scale, none of the interrater 
intraclass correlation coefficients (of the Modified 
Ashworth Scale score or theModified Tardieu Scale 
score) in their study reached the acceptable level of 
0.7515. 
Winnie Ka Ling Yam et al concluded that the intraclass 
correlation coefficients of Modified Ashworth Scales 
and Modified Tardieu were low and did not reach the 
acceptable limit of 0.7516. 
In our study the correlation coefficient for MAS and 
MTS for the targeted muscles has been given above 
(table 5). ICC for MAS obtained was excellent 
(between 0.75-1.00). However for MTS the results 
obtained were between moderate to good (fair being- 
0.40-0.59 while good being 0.60-0.74). Hence, the 

Scale Muscles Correlation coefficient 
range pre and post 

p values of paired 
t-test 

 
 
MAS 

 
Hip Adductors 

Rater 1 Rater 2 Rater 1 Rater 2 

0.904-0.991 0.687-0.966 0.823 0.136 

Plantar flexors 0.922-0.992 0.856-0.986 0.165 0.275 

Hamstrings 0.913-0.991 0.856-0.986 0.104 0.0823 

 
MTS 

Hip Adductors 0.054-0.946 0.79-0.978 0.0823 0.336 

Plantar flexors 0.79-0.978 0.358-0.915 0.336 0.0823 

 Hamstrings 0.632-0.958 0.559-0.948 0.0823 0.0823 
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results for correlation between the two raters obtained 
were reliable. However, the effectiveness of the 
therapy was non-optimistic (p value >0.05; table 5, 
which was considered standard). 
 
Extraneous factors, such as the emotional status of 
the child or pain that could contribute to variability 
were specifically identified and care was taken to 
avoid such circumstances.The emotional instability of 
the child had been eliminated by specific instructions 
in our testing procedure, and no child reported any 
pain or discomfort. To improve scoring methods, strict 
standardization of the position and procedure was 
used in our study. The starting limb position, neutral 
positioning of the head, and the number and velocity 
of testing movement were specified to reduce 
variability arising from reflex excitability and 
viscoelasticity of soft tissues and joints.However, it 
would be interesting to undertake further studies to 
see if standardization (e.g., preceding activities, 
interval between testing movements, force used, and 
external standardization with three-dimensional 
movement analysis) might improve the chances of 
reliability further. To resemble the clinical setting,we 
distributed written guidelines and included the scales 
andinstructions in the recording forms. Further studies 
should be performed to identify what type of training to 
raters might further increase the interrater reliability of 
the scale. In summary, the interrater reliability of the 
Modified Ashworth Scale and the Modified Tardieu 
Scale was good. 
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