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Abstract  

This paper discusses the important role that mathematics and mathematical models play in the current 

revolution of learning, together with the resource regarding science and computational power. The 

delivery note outlines the reasons in the back of thinking about the utility on mathematics after the field 

of Biology or Medicine namely an urgent need. The bill also highlights the ambitions or goals over its 

department over disciplines indicating that mathematics is a wealthy location regarding examination 

ranging out of coherent abstractions in imitation of concrete applications. The pointed out examples 

prove that: The sound over mathematics is remarkably powerful or flexible, then the modes of thinking 

discovered within mathematics perform spawn inconceivable insight within many phenomena as take up 

current life. In it review, we furnish quick records yet spotlight half concerning the necessary features 

regarding modeling between organic systems together with an emphasis over the lesson on excitable 

cells. We finish along with dialogue in relation to possibilities yet challenges because of mathematical 

modeling going forward. In a large sense, the comment is designed after help answer an easy however 

necessary query that theoreticians oft rear from interested however skeptical colleagues about the 

empirical side. 
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Introduction 

Over the years, computational models of 

human organ systems have been used to 

support and improve the diagnosis, 

treatment and prevention of diseases[1]. 

These computational fashions help scientists 

in imitation of look at precise research 

questions and hypotheses as may 

additionally stand ethically inappropriate, 

steeply-priced in accordance with education 

experimentally, and now not practically 

conceivable the use of ethical then beast 

subjects.  

Discovery or analysis about relevant 

computational models is able to aid scientists 

after more shortly and accurately check 

theirs scientific yet pilot hypotheses who 

may additionally contain a wide spread of 

biophysical mechanisms and observations 

such as like sickness states, cure moves yet 

considerable variety over clinical 

observations. Ultimately that is predicted to 

enhance the quality, safety, utility or limit 

the spiraling value about healthcare.  

Our challenge namely scientists, then, is in 

imitation of embodying the surprising within 

our studies[2]. The middle indicates that 

reviews so this undertaking is also increased 

but no less vital in accordance with studies 

involving mathematical modeling. 

Specifically, after realizing the perfect value 

about a model, such is quintessential in 

imitation of changing our questioning from 

some into which a helpful model certainly 

confirms our expectations in imitation of an 

eidolon the place the mannequin is more 

medium according to the trace process[3].  

Longevity A range on break recovery 

mathematical fashions regulated by means of 

mechanical stimuli (mechanoregulatory 

mathematical models) hold been developed. 

However, bit mathematical fashions feign 

the regulatory function of biochemical 

signals (bioregulatory mathematical models) 

or their accession mechanisms (coupled 

mechanobioregulatory mathematical models) 

in the course of chasm healing of vivo.  

http://www.jgpt.co.in/
https://www.sciencedirect.com/science/article/pii/S2090506817302282
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The clinical utility of it fashions are 

nevertheless in their infancy. This criticism 

aims according to accomplish an honest 

assessment of the present day bioregulatory 

fashions or coupled mechanobioregulatory 

fashions or tackle the necessary role over 

bioregulatory then combined 

mechanobioregulatory models in simulating 

bone chasm healing[4].Mathematical 

modeling and the scientific process. Before 

delving in a dialogue regarding or fashions 

hold been ancient to advance our 

understanding that is rewarding in 

conformity with briefly address the normal 

strategy aged among modeling. Similar in 

imitation of pilot studies, mathematical 

modeling begins with a well-formulated 

hypothesis primarily based on previous 

observations[5].  

In fact, the mathematical mannequin must 

virtually keep seen as like a quantitative 

disclosure concerning an interior hypothesis. 

Thus, certain concerning the nearly tough 

factor over the modeling system is 

translation regarding a hypothesis in 

embarks on mathematical equations (“model 

formulation”). Here, determination intention 

needs in accordance with being instituted 

concerning the elements (e.g. pathways, 

reactions, or reactants) to that amount 

should keep covered within the model.  

Factors certain as accuracy, availability 

about data, then computing time/resources 

choice shape the options performed at its 

step. Furthermore, that footsie is oft 

rendered iteratively by way of developing an 

initial model, evaluating results according to 

experiment, then adjusting the mannequin 

based on validity [4]. Once a model has been 

close above (at least initially), the 

subsequent quarter is mannequin 

parameterization. Here, model parameters 

(e.g. aqueduct conductance, ion 

concentrations, and response rates) choices 

remain to elect based totally concerning 

handy empiric statistics (either published yet 

original).  

In half cases, a virtue because of a model 

parameter can also lie assigned primarily 

based concerning an advice empirical 

measurement. Often, that might also be hard 

to immediately pardon a parameter then 

instead the worth must stand estimated 

according to give birth to a settlement among 

model and experiment along account in 

accordance with an outcome to that amount 

is at once measurable (“parameter 

fitting”)[6]. Following model 

parameterization, optimization can also be 

celebrated where values because of 

parameters related according to fixing the 

present equations (e.g. epoch step, grid size) 

may additionally stay determined. 

Mathematical Biology 

Mathematical Biology is the application of 

mathematical concepts, modeling and 

techniques to solve problems in biology and 

physiology[7]. It is one on the quickest 

thriving research areas within arithmetic 

and is contributing substantially in 

accordance with our appreciation over the 

organic world.  

It also produces current mathematical 

questions. Reflecting the use on arithmetic 

among modern biology, the computational 

procedures execute remain utilized in 

accordance with probe organic questions, and 

makes enormous makes use of on pc aid in 

accordance with help researchers increase 

intuitive mathematical competencies-each 

via graph-plotting software, and interactive 

programs. Within the next few years every 

fields of mathematical biology choice remain 

impacted with the aid of full-size amounts of 

complex data[8, 10].  

Because of this, at that place are deep 

modern mathematical questions after stand 

addressed: Should old simple models be 

thrown out and should we begin again with 

newer complex models or are there 

mathematical ways to use the new data to 

determine parameters in the old models 

more accurately and thus allow their 

parameters to be updated automatically in 

real time as the data stream.  

These questions are fundamental to the 

followings examples:  

 Medical practice in acute crises.  

 The dynamical behavior of living 

organisms.  

 Cell physiology.  

 The policy decisions about epidemic spread, 

vaccination and controlling mechanisms.  

 The effects of climate change on ecological 

niches, Understanding of brain function, 

and many others. 
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Detailed Biological Problem 

The detailed biological and medical problems 

solving process via, mathematical tools and 

techniques can be illustrated by the following 

diagram: 

 

 

 
 

The Role of Biochemical Signals in 

Fracture Healing  

Fracture Healing Process  

Primary healing and secondary healing are 

known as two healing types according to 

their difference in gap size. When the 

fracture hole is small, skeleton adroitness 

types at once during the healing system yet 

in that place is no intermediate plantain 

formation. The restoration process can 

closing out of months in accordance with 

years [11].  

Different from the accurate recuperation 

prerequisites within principal healing, less 

recovery of entails inter fragmentary pace 

between the break ends[12]. The gap is 

surrounded via an external callus and the 

plantain separation procedure takes place 

between it sequentially.  

When compared together with major healing, 

minor restoration has features of greater 

prevalence chance of each day existence yet 

more complicated recuperation processes. 

Therefore, within this review, we primarily 

focal point regarding the secondary nook 

restoration process. Secondary chasm 

recovery is a difficult organic procedure 

within who banana regeneration occurs 

intimate and around the fracture site[13].  

It consists of mobile phone activities, growth 

aspect production, angiogenesis and 

transmission over oxygen and nutrients. 

From a temporal factor about view, the 

healing manner is normally broken into the 

similar four phases: the inflammatory phase, 

the soft callus phase, the stiff callus phase 

then the remodeling segment. A detailed 

description of these four phases is provided 

here. 

Inflammatory Phase  

The inflammatory phase (Fig. 1 a) begins 

immediately after bone ruptures. The 

haemorrhage reasons a haematoma in 

accordance with shape in the crack area then 

brings deep associated biological factors. The 

connective tissue consists of fibrin yet is best 

by platelets or thrombotic factors.  

In addition, there are much associated 

growth factors, including interleukin-1 (IL-

1), interleukin-6 (IL-6), insulin-like boom 

factors (IGFs), remodeling boom factors-

betas (TGF-s), platelet-derived boom 

elements (PDGFs) yet bone morphogenetic 

proteins (BMPs). Through circulation, 

mesenchymal stem cells springing beyond 

the damaged periosteum yet gentle tissues 

round the break area also arrive at the 

periosteum and the preliminary callus 

forms[14]. 

Soft Callus Phase  

During the soft callus phase (Fig. 1 b), the 

mesenchymal stem cells begin differentiating 

between particular cells at extraordinary 

areas in the callus in accordance in 

accordance with stipulations certain as much 

the related boom factors, restoration 

condition concerning vascular network, or 

oxygen conditions.  

Due in conformity with the full vascular 

network yet sufficient oxygen yet vitamins 

grant ways abroad from the hole then close 

to the cortex, osteoblasts are without delay 

wrought via the division of mesenchymal 

cells and subsequently synthesize 

intramembranous woven bone.  

This procedure is regarded as much 

intramembranous ossification. In the middle 

region close to the cleft hole the place the 

vascular network is damaged or the oxygen 

content material is entirely low, 

mesenchymal cells discriminate between 
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chondrocytes or cartilage is wrought after 

stabilizing the nook quarter mechanically. 

This system is known so chondrogenesis[15]. 

Hard Callus Phase  

In the hard callus phase (Fig. 1 c), 

endochondral ossification takes place till 

skeleton forms. Endochondral ossification 

entails complicated organic procedures as 

consist of cartilage maturation, cartilage 

calcification then cartilage degradation. In 

addition, vascularity and osteogenesis also 

happen in that phase. Before endochondral 

ossification begins, turned chondrocytes no 

longer proliferate or start after calcify. Then, 

apoptosis regarding chondrocytes takes place 

yet gore vessels attack in the vicinity about 

the chondrocytes. This additionally brings 

along osteoblasts. Then, woven bone is best 

by osteoblasts as compromises the hard 

callus. When the chasm hole is crammed 

together with sickly callus, a medical 

alliance is reached yet below the remodeling 

segment begins[16]. 

Remodeling Phase  

Remodeling phase (Fig. 1 d) is the remaining 

phase at some point of fracture healing. At 

the opening about this phase, the woven 

skeleton is changed by means of lamellar 

skeleton or the extra exterior calluses are 

resorbed. Then the unhygienic positioned 

bone is resorbed together with the activity on 

osteoclasts and recent bone varieties 

alongside traces regarding force with the 

endeavor over the osteoblasts. As woven bone 

is gradually replaced by lamellar bone, bone 

is finally restored to its original function. 

 

 
Fig.1: Hodgkin–Huxley theory for action potential generation. (A–B) Parallel conductance model of the giant squid 

axon cell membrane representing the membrane as an electrical circuit with a capacitor in parallel with time- and 

voltage-dependent Na+ and K+ conductance’s (gNa and gK, respectively) and a constant leak conductance (gL). Vm= 

transmembrane potential; ENa= reversal potential for Na+; EK= reversal potential for K+; EL= reversal potential for 

leak. (C–D) Simulated action potential and Na+ and K+ conductance’s generated by numerically solving the 

Hodgkin–Huxley equations (15) 

 

System than in the heart. Around the 

identical day Rall then Fitzhugh have been 

conducting their studies, the British biologist 

Denis Noble was once establishing an 

ambitious endeavor to apply the Hodgkin–

Huxley equations to understand the 

awesome morphology concerning the cardiac 

AP characterized by a relatively long plateau 

phase. These initial efforts generated vital 

predictions respecting ion duct differences in 

neurons yet cardiac myocytes to that amount 

predated via a number of years the advance 

profitable voltage clamp experiments among 

cardiac myocytes[17].  

In the wake on these express efforts, the 

cardiac subject has generated a dazzling 

number of mobile phone fashions based 

totally in one course or every other about the 

authentic exemplar installed by Hodgkin yet 

Huxley. Today, experimentally based totally 

mathematical models are available because 

of the cardiac AP from definitely every region 

regarding the moral and across an extensive 
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range about species, together with ethical 

(based, into fact, concerning ethnic data). 

Advanced fashions calculation because of 

dynamic modifications within intracellular 

ion concentrations (original work counterfeit 

these in conformity with keep constant), 

problematic ion trough gating kinetics, the 

tricky spatial company on membrane ion 

channels, mitochondrial energetics, then 

intracellular signaling pathways.  

Furthermore, mobile phone models hold been 

included within multi-dimensional fashions 

about cardiac art based totally concerning 

practical myocardial geometry[18]. 

Mathematical modeling to define congenital 

and acquired disease mechanisms. 

Mathematical modeling has been applied 

considerably in imitation of furnish 

important insight of molecular/ionic 

mechanisms for each congenital then 

acquired disease. Central in imitation of this 

anxiety has been job beside the lab regarding 

Dr. Yoram Rudy. Notably, the Luo Rudy 

brawny model and its editions stay amongst 

the nearly stated cardiac assignment 

potential fashions then are widely back in 

conformity with discipline cardiac 

electrophysiology principles.  

Moreover, researches the usage of this model 

have proven the government concerning 

computational strategies between generating 

recent mechanistic insight between cardiac 

arrhythmia. An before long instance comes 

beyond stylish studies up to expectation old 

the LuoRudy dynamic model in imitation of 

hyperlink race defects resulting from a 

genetic mutation into the voltage-gated Na+ 

aqueduct (ΔKPQ deletion mutation among 

SCN5A, encodes because of primary cardiac 

Na+ duct alpha subunit) in conformity with 

lethal cardiac arrhythmias. Subsequent 

studies have used a similar approach to 

study the mechanism responsible for a wide 

range of inherited arrhythmia 

syndromes[19]. 

Bone Morphogenetic Proteins (BMPs) 

BMPs are one of the members in TGF- β 

super family that have osteoinductive 

activities. Research shows to that amount 

BMPs can keep detected within 

mesenchymal stem cells, osteoprogenitor 

cells, fi-broblasts and proliferating 

chondrocytes. In the inflamma-tory phase, 

BMPs external between the undifferentiated 

mesenchymal stem cells. During 

intramembranous ossification, BMPs do keep 

detected of proliferating osteoblasts. During 

chondrogenesis then endochondral 

ossification, BMPs may keep detected in 

proliferating chondrocytes. During break 

repair, BMPs spark off differentiation 

between osteoprogenitors, up-regulate the 

proliferation of osteoblasts and adjust the 

production regarding osteoblasts and 

chondrocytes beside differentiated 

mesenchymal stem cells. In addition, BMPs 

may additionally also develop or hamper the 

angiogenesis.  

The interaction of BMP and type IV collagen 

may partly explain angiogenesis during 

fracture healing[20].  

Fibroblast Growth Factors (FGFs)  

FGFs are produced by inflammatory cells, 

osteoblasts and chondrocytes in the fracture 

region. During the inflammatory phase, 

FGFs exist in the tissue macrophages and 

periosteum cells. During intramembranous 

ossification, FGFs exist in the osteoblasts. 

During chondrogenesis, FGFs exist in 

mature chondrocytes and during 

endochondral ossification, they exist in 

osteoblasts. FGFs promote the formation of 

angiogenesis. They can also serve as a 

chemoattractant and mitogen for 

chondrocytes and regulate the differentiation 

of chondrocytes[21].  

Insulin-like Growth Factors (IGFs)  

IGFs are produced by bone cells and can 

promote the proliferation of osteoprogenitor 

cells. The research additionally shows up to 

expectation IGFs might also keep secreted by 

way of chondrocytes and flourish the 

coordination regarding cartilage shape thru 

autocrine signaling. In addition, IGFs now 

not solely help the formation about bone, 

however, he can additionally regulate the 

feature regarding osteoclasts yet help for the 

duration of the redesigning phase about nook 

healing[22]. 

Vascular Endothelial Growth Factor 

(VEGF)  

Increasing evidence has found that VEGF is 

an important factor in normal as well as 

compromised fracture healing both 

temporally and spatially. An intact vascular 

community is a prerequisite because of 

skeleton formation. VEGF is secreted by 

chondrocytes and osteoblasts yet up-
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regulates angiogenesis then promotes the 

proliferation concerning endothelial cells. In 

collection in accordance with VEGF, at that 

place are studies demonstrating as IGFs and 

FGFs additionally have necessary results of 

the angiogenesis process. IGFs now not only 

can stimulate secretion on VEGF, it 

additionally can result in angiogenesis with 

the aid of stimulating passage yet 

morphological differentiation on epithelial 

cells. FGF has been strong in conformity 

with circulate a vital position among the 

sprouting over modern capillaries within 

vivo[23]. 

Oxygen in the Fracture Healing Process  

Oxygen is not only a critical factor both in 

the distressed placing then in everyday 

proliferation then differentiation, however 

additionally has a considerable impact of the 

restoration procedure because about its 

participation between many associated 

processes. For dense cellular events in 

accordance with occur, oxygen metabolism is 

necessary for cells due to the fact such 

produces the required ATP because mobile 

things to do then is vital for enzymatic 

activities.  

During cleft recuperation processes, oxygen 

anxiety regulates angiogenesis. Oxygen 

absence might also administration in 

imitation of a giogenic gene expression, along 

with BMP-2 mRNA yet associated proteins, 

thru the hypoxia-inducible element (HIF)-

pathway; thus, oxygen anxiety can adjust the 

angiogenesis then accelerate the bone 

regeneration. Oxygen tension is also an 

essential component within mobile phone 

proliferation yet schism demonstrated so into 

the condition regarding 5% oxygen, a quicker 

proliferation regarding rat mesenchymal 

stem cells or extra colonies had been wrought 

than had been executed into 20% oxygen. 

Reported similar results, the place ethnic 

mesenchymal stem cells had 30-fold greater 

growth below 2% oxygen environment than 

fewer than 20% oxygen atmosphere.  

Verified to that amount hypoxia raised the 

chondrocyte differentiation then cartilage 

form synthesis by using performing of 

chondrocytes to decorate yet maintain their 

phenotype then characteristic in the course 

of endochondral ossification. Table 1 

summarizes the functions of common 

biochemical signals and the phases they 

participate[24]. 

 

Table 1: Functions of common biochemical signals in fracture healing and phases them participating in 

Biochemical Functions Phases participating in 

TGF- β 

-Most potent chemo attractant for macrophages. 

-Promotes the differentiation of mesenchyme stem cells into 

chondrocytes or osteoblasts. 

-Regulates calcification of cartilage matrix and stimulates 

osteoblast activity. 

-Inhibits the differentiation and mineralization of 

osteoblasts. 

-Inhibits production and activity of osteoblasts. 

-Increases production of bone and cartilage components. 

-Weakly expressed in inflammatory 

phase 

-Strongly expressed in soft callus 

phase 

-Strongly expressed in hard callus 

phase 

PDGFs 

-Initiate fracture repair and callus formation. 

-Stimulate proliferation of mesenchymal stem cells. 

-Promote processes of chondrogenesis and intramembranous 

ossification. 

-Promote proliferation of connective tissue cells. 

-Stimulate type I collagen and modulate blood flow. 

-Weakly expressed in inflammatory 

phase 

-Strongly expressed in soft callus 

phase 

-Strongly expressed in hard callus 

phase 

BMPs 

-Activate differentiation in osteoprogenitors, up-regulate the 

proliferation of osteoblasts 

-Regulate the production of osteoblasts and chondrocytes 

from differentiated mesenchymal stem cells 

- Expressed in inflammatory phase 

-Expressed in soft callus phase 

FGFs 

-Promote the formation of angiogenesis 

-A chemoattractant and mitogen for chondrocytes and 

regulate the differentiation 

-Expressed in inflammatory phase 

-Expressed in soft callus phase 

IGFs 

-Promote the proliferation of osteoprogenitor cells 

-Promote the synthesis of cartilage matrix 

-Help the formation of bone; modulate the function of 

osteoclasts 

-Promote the formation of angiogenesis 

-Expressed in soft callus phase 

-Expressed in remodeling phase 

VEGF 
-Up-regulates angiogenesis and promotes proliferation of 

endothelial cells 

-Expressed in soft callus phase 

-Expressed in hard callus phase 

Oxygen 

-Produces ATP for cellular activities 

-Important for enzymatic activities 

-Regulates angiogenesis and accelerates bone regeneration 

-Expressed in inflammatory phase 

-Expressed in soft callus phase 

-Expressed in hard callus phase 

 

mesenchymal stem cells, chondrocytes and 

osteoblasts, and the synthesis and 

degradation of extracellular matrix (Eqs. (1) - 

(5). 
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𝜕𝐶𝑚

𝜕𝑡
=  ∇.  [ 𝐷∇𝐶𝑚 − 𝐶𝑐𝑚 ∇𝑚] + 𝐴𝑚𝐶𝑚 [1−∝ 𝑚𝐶𝑚](1) 

𝐹1𝐶𝑚 − 𝐹2𝐶𝑐  
𝜕𝐶𝑐

𝜕𝑡
=  AcCc[1− ∝ 𝑐𝐶𝑐] + 𝐹2𝐶𝑚 − 𝐹3𝐶𝑐                         (2) 

𝜕𝐶𝑏

𝜕𝑡
=  AbCb[1− ∝ 𝑏𝐶𝑏] + 𝐹1𝐶𝑚 − 𝐹3𝐶𝑐                     (3) 

𝜕𝑚𝑐

𝜕𝑡
=  Pcs[1 −  𝑘𝑐 𝑀𝑐] ∗ (𝐶𝑚 − 𝐶𝑐) − 𝑄𝑎𝑑2 𝑀𝑐 𝐶𝑏  (4) 

𝜕𝐶𝑏

𝜕𝑡
=  Pbs ( 1 − K𝑏 𝑀𝑏 )𝐶𝑏                                                 (5) 

 

Mathematical modeling in drug discovery, 

development and screening. Mathematical 

modeling then laptop simulation have also 

had an enormous impact on more than one 

tier into the cure demand yet development 

process. For example, superior modeling 

techniques hold been applied according to 

without a doubt dignity library of doubtlessly 

active younger molecules against the three-

dimensional structure over a target. In silicon 

docking studies performed an essential 

function into the development concerning 

tablets as the HIV protease inhibitor, 

amprenavir, then the influenza 

neuraminidase inhibitor.  

Among the deep challenges because of the 

improvement concerning instant medicine 

drugs, cardio toxicity stays a fundamental 

obstacle, contributing in imitation of 

excessive remedy attrition fees within the 

remedy development process. While 

suggestions bear been flourished after assist 

together with the enumeration concerning 

cardio toxicity, mathematics assessment on 

pro-arrhythmia chance because a precise 

remedy stays a fundamental project for the 

industry. Mathematical modeling then pc 

simulations have an increasing number of 

been aged within prescript trace, 

development and bear main in imitation of 

have an impact on each flooring concerning 

the manner out of target screening and 

validation, in imitation of propulsion 

technology then optimization, in imitation of 

toxicity analysis or pre-clinical testing.  

In fact, the attempt after usage of 

mathematical models after honoring drug 

outcomes over cardiac electrophysiology dates 

back almost four decades[25]. The 

improvement about trough gating models 

that calculation because of some bloc among 

practical states (Markov models) allowed for 

elevated representation regarding aqueduct 

structure then remedy arrest government 

according to important recent insights 

regarding mechanisms accountable for 

remedy movements (e.g. use- then voltage-

dependent medicine block). Ivabradine then 

ranolazine are twain examples concerning 

drugs whose successful improvement was 

once supported by using mathematical 

modeling[26]. Today, entire mettle models 

that incorporate clear illustration on cell 

electrophysiology, remedy action, or three-d 

bravery structure have been advanced yet 

implemented in conformity with portend the 

results of pills on arrhythmias and moral 

function. At the equal time, together with 

flourishing stress over the necessity because 

of a personalized method in conformity with 

medicine, new approaches will be needed to 

account for tremendous variability in biology 

even among healthy individuals[27]. 

Conclusion 

In this review, we described the role of 

biochemical signals in the fracture healing 

process and presented bioregulatory and 

coupled mechabioregulatory models that 

simulate the healing process. The complexity 

on the mathematical fashions depends 

regarding a sound perception of biological 

knowledge, such so cell migration, 

proliferation, and differentiation; the 

productions yet interactions concerning 

growth factors; yet the synthesis then 

degradation regarding the extracellular 

matrix. A vital aim on it decrial was once in 

accordance with assist reply the difficult 

however essential question. In light over its 

challenge, we have mentioned the price 

regarding fashions between organic 

researches, together with a center of 

attention regarding cardiac electrophysiology.  

Using excitable telephone biology as much a 

reference, we hold furnished a short 

historical survey of the upward slope 

concerning mathematical modeling and has 
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supplied specific examples concerning areas 

of as modeling has performed a fundamental 

role among the demand process. We have also 

tried after grant partial insight because the 

non-modeler between the manners worried 

between modeling. In the final analysis, we 

hope that mathematical modeling is not  

viewed as the answer to all scientific 

questions but rather as one of many available 

tools that may be used in a synergistic 

manner to facilitate scientific discovery. 
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