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1 INTRODUCTION 

We see mathematics in most things. We even hear mathematics every 

day. One feels comfort in maths, as we think it underpins many of our 
daily processes and actions. It‟s absolutely fundamental. Mathematics is 

a branch to seek and use patterns1,2 to formulate new conjectures; they 

resolve the truth or falsity of such by mathematical proof. When 

mathematical structures are good models of real phenomena, 

mathematical reasoning can be used to provide insight or predictions 
about nature. Through the use of abstraction and logic, mathematics 

developed from counting, calculation, measurement, and the systematic 

study of  the shapes and motions of physical objects. Practical 

mathematics has been a human activity from as far back as written 

records exist. The research required to solve mathematical problems can 

take years or even centuries of sustained inquiry. Mathematics is 
essential in many fields, including natural science, engineering, medicine, 

finance, and the social sciences. Applied mathematics has led to entirely 

new mathematical disciplines, such as statistics and game theory. 

Mathematicians engage in pure mathematics without having any 

application in mind, but practical applications for what began as pure 
mathematics are often discovered later 3,4. 

Mathematics has no generally accepted definition5,6 Aristotle 

defined mathematics as "the science of quantity" and this definition 

prevailed until the 18th century. However, Aristotle also noted a focus on 

quantity alone may not distinguish mathematics from sciences like 

physics; in his view, abstraction and studying quantity as a property 
"separable in thought" from real instances set mathematics a part7. 

Various parts, branches and aspects of dentistry are 

mathematical. For example, some fundamental characteristics of the 

front teeth that contribute to an attractive smile appearance can be 

defined. Although considerable variations exist in nature, tooth size and 
position should be proportionate to ensure the necessary appearance for 

an aesthetic smile; some fundamental characteristics of the front teeth 

that contribute to an attractive appearance can therefore be defined.  

https://en.wikipedia.org/wiki/Pattern
https://en.wikipedia.org/wiki/Pattern
https://en.wikipedia.org/wiki/Pattern
https://paperpile.com/c/CPESM9/Zpg4
https://en.wikipedia.org/wiki/Conjecture
https://en.wikipedia.org/wiki/Truth
https://en.wikipedia.org/wiki/Mathematical_proof
https://en.wikipedia.org/wiki/Mathematical_structure
https://en.wikipedia.org/wiki/Nature
https://en.wikipedia.org/wiki/Abstraction_(mathematics)
https://en.wikipedia.org/wiki/Logic
https://en.wikipedia.org/wiki/Counting
https://en.wikipedia.org/wiki/Calculation
https://en.wikipedia.org/wiki/Measurement
https://en.wikipedia.org/wiki/Shape
https://en.wikipedia.org/wiki/Motion_(physics)
https://en.wikipedia.org/wiki/Physical_objects
https://en.wikipedia.org/wiki/History_of_Mathematics
https://en.wikipedia.org/wiki/History_of_Mathematics
https://en.wikipedia.org/wiki/History_of_Mathematics
https://en.wikipedia.org/wiki/Research
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Finance
https://en.wikipedia.org/wiki/Social_sciences
https://en.wikipedia.org/wiki/Applied_mathematics
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Game_theory
https://en.wikipedia.org/wiki/Pure_mathematics
https://paperpile.com/c/CPESM9/gsaX+vwRF
https://paperpile.com/c/CPESM9/zs9s
https://paperpile.com/c/CPESM9/ufy2
https://en.wikipedia.org/wiki/Aristotle
https://paperpile.com/c/CPESM9/d9nK
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Shape is an important idea in dentistry. It's also interesting to note how 

surprisingly different the shape of a whole tooth is compared to our 

expectations, because so much of the tooth is below the gum line. 
Dentistry involves every aspect, from the least basics to the most 

advanced criterias of an individual. Say it to be „A‟ of aesthetics for looks 

to „Z‟ of zirconia for materials, everything requires mathematics. Dentistry 

consists of several speciality branches which excel in particular fields. 

The finesse and minuteness required in dentistry is a skill which could be 

undertaken only by specialists and mathematics is all about minuteness 
finesse and point percentage accuracy. When practical medicine is linked 

with academic and brain boggling mathematics it works wonders. 

This chapter explains the power of mathematics in the fields of 

dentistry and a brief insight on each biophysics and biomechanics and 

how mathematics influence the decision of diagnosis and treatment 
planning. 

 

 

2 WHAT IS DENTISTRY? 

Dentistry, also known as dental medicine and oral medicine, is a branch 

of medicine that consists of the study, diagnosis, prevention, and 

treatment of diseases, disorders, and conditions of the oral cavity (the 
mouth), commonly in the dentition (development and arrangement of 

teeth) as well as the oral mucosa, and of adjacent and related structures 

and tissues, particularly in associated maxillofacial (jaw and facial) 

area.8The field of dentistry or dental medicine includes teeth as well as 

other aspects of the craniofacial complex including the 
temporomandibular joint and other supporting, muscular, lymphatic, 

nervous, vascular, and anatomical structures. The practitioner is called a 

dentist. Dental treatments are carried out by a dental team, which often 

consists of a dentist and dental auxiliaries (dental assistants, dental 

hygienists, dental technicians, as well as dental therapists). Most dentists 

either work in private practices (primary care), dental hospitals or 
(secondary care) institutions (prisons, armed forces bases, etc.). 

The majority of dental treatments are carried out to prevent or 

treat the two most common oral diseases which are dental caries (tooth 

decay) and periodontal disease (gum disease or pyorrhea). Common 

treatments involve the restoration of teeth, extraction or surgical removal 
of teeth, scaling and root planning, endodontic root canal treatment, and 

cosmetic dentistry9.  

There is an upcoming field which involves cosmetics as well as 

aesthetics. Which deals with the ratio and proportions of a beautiful 

smile, a perfect nose suitable for a face type, chin for a straight face, jaw 

lines for a perfect symmetry of the face and so on.  

https://en.wikipedia.org/wiki/Oral_medicine
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Diagnosis
https://en.wikipedia.org/wiki/Diseases
https://en.wikipedia.org/wiki/Mouth
https://en.wikipedia.org/wiki/Dentition
https://en.wikipedia.org/wiki/Oral_mucosa
https://paperpile.com/c/CPESM9/iS84
https://en.wikipedia.org/wiki/Craniofacial
https://en.wikipedia.org/wiki/Temporomandibular_joint
https://en.wikipedia.org/wiki/Dentist
https://en.wikipedia.org/wiki/Dentist
https://en.wikipedia.org/wiki/Dental_auxiliary
https://en.wikipedia.org/wiki/Dental_assistant
https://en.wikipedia.org/wiki/Dental_hygienist
https://en.wikipedia.org/wiki/Dental_hygienist
https://en.wikipedia.org/wiki/Dental_hygienist
https://en.wikipedia.org/wiki/Dental_technician
https://en.wikipedia.org/wiki/Dental_therapist
https://en.wikipedia.org/wiki/Primary_care
https://en.wikipedia.org/wiki/Secondary_care
https://en.wikipedia.org/wiki/Dental_disease
https://en.wikipedia.org/wiki/Dental_caries
https://en.wikipedia.org/wiki/Periodontal_disease
https://en.wikipedia.org/wiki/Dental_restoration
https://en.wikipedia.org/wiki/Dental_extraction
https://en.wikipedia.org/wiki/Scaling_and_root_planing
https://en.wikipedia.org/wiki/Endodontic_therapy
https://en.wikipedia.org/wiki/Cosmetic_dentistry
https://en.wikipedia.org/wiki/Cosmetic_dentistry
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3 VARIOUS SPECIALITIES IN DENTISTRY 

Some dentists undertake further training after their initial degree in order 

to specialize. Exactly which subjects are recognized by dental registration 

bodies varies according to location. Examples include: 

● Cosmetic dentistry- Focuses on improving the appearance of the 
mouth, teeth and smile. 

● Dental public health – The study of epidemiology and social health 
policies relevant to oral health.  

● Endodontics (also called endodontology) – Root canal therapy 
and study of diseases of the dental pulp and periapical tissues. 

● Oral and maxillofacial radiology – The study and radiologic 
interpretation of oral and maxillofacial diseases. 

● Oral and maxillofacial surgery (also called oral surgery) – 

Extractions, implants, and surgery of the jaws, mouth and face.[nb 1 

● Oral Implantology – The art and science of replacing extracted 

teeth with dental implants. 

● Orthodontics and dentofacial orthopedics – The straightening of 
teeth and modification of mid face and mandibular growth. 

● Pediatric dentistry (also called pedodontics) – Dentistry for 
children 

● Periodontology (also called periodontics) – The study and 
treatment of diseases of the periodontium (non-surgical and 

surgical) as well as placement and maintenance of dental implants 

● Prosthodontics (also called prosthetic dentistry) – Dentures, 
bridges and the restoration of implants. 

Some prosthodontists super-specialize in Maxillofacial Prosthetics, 

which is the discipline originally concerned with the rehabilitation of 

patients with congenital facial and oral defects such as cleft lip and 
palate or patients born with an underdeveloped ear (microtia). Today, 

most Maxillofacial Prosthodontists return function and esthetics to 

patients with acquired defects secondary to surgical removal of head and 

neck tumors, or secondary to trauma from war or motor vehicle 

accidents. 
 

4 MATHEMATICS IN SPECIALITIES 

1. Cosmetic Dentistry: 

This method of professional oral care focuses on improving the 

appearance of your mouth, teeth, gums, and overall smile. Common 

procedures include teeth whitening, veneers, fillings, and implants. 
 

There are many reasons you might see a cosmetic dentist, including:  

 Tooth decay 

https://en.wikipedia.org/wiki/Cosmetic_dentistry
https://en.wikipedia.org/wiki/Dental_public_health
https://en.wikipedia.org/wiki/Epidemiology
https://en.wikipedia.org/wiki/Endodontics
https://en.wikipedia.org/wiki/Root_canal_therapy
https://en.wikipedia.org/wiki/Dental_pulp
https://en.wikipedia.org/wiki/Oral_and_maxillofacial_radiology
https://en.wikipedia.org/wiki/Oral_and_maxillofacial_surgery
https://en.wikipedia.org/wiki/Extraction_(dental)
https://en.wikipedia.org/wiki/Dental_implant
https://en.wikipedia.org/wiki/Dentistry#cite_note-28
https://en.wikipedia.org/wiki/Oral_Implantology
https://en.wikipedia.org/wiki/Orthodontics
https://en.wikipedia.org/w/index.php?title=Dentofacial_orthopedics&action=edit&redlink=1
https://en.wikipedia.org/wiki/Pediatric_dentistry
https://en.wikipedia.org/wiki/Periodontology
https://en.wikipedia.org/wiki/Periodontium
https://en.wikipedia.org/wiki/Prosthodontics
https://en.wikipedia.org/wiki/Denture
https://en.wikipedia.org/wiki/Bridge_(dentistry)
https://en.wikipedia.org/w/index.php?title=Maxillofacial_Prosthetics&action=edit&redlink=1
https://en.wikipedia.org/wiki/Cleft_lip_and_palate
https://en.wikipedia.org/wiki/Cleft_lip_and_palate
https://en.wikipedia.org/wiki/Cleft_lip_and_palate
https://en.wikipedia.org/wiki/Microtia
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 Damage (cracks, chips, etc.)  

 Crooked teeth 

 Misshapen teeth 

 Discoloration 

 Missing teeth 
People with damaged, decaying, crooked, or discolored teeth may 

also have difficulty when eating and speaking. For others, dental issues 

may affect their self-esteem.  

According to a 2015 survey by the American Dental Association, 
33% of young people are reluctant to smile due to conditions of the teeth 

and mouth. Another 23% of adults have cut back on their participation in 

social activities due to embarrassment about their smiles.  

A cosmetic dentist is responsible for a variety of procedures from 

minor fixes to major surgeries. Here are a few of the cosmetic procedures 

they offer.  
 

● Dental Veneers 

Dental veneers are thin, white shells made from medical-grade porcelain, 

resin, or ceramic. They‟re custom made for each patient to resemble their 

natural teeth. 
In general, the preparation for ceramic veneers can be divided into 

buccal surface preparation (no preparation, minimal preparation, 

conservative, or conventional preparation); proximal finish (slice or 

chamfer margin); incisal preparation (overlap or nonoverlap); and cervical 

preparation (chamfer or knife edge).10–12 Although the incisal preparation 

design for ceramic veneers has been widely discussed, there is no 
consensus on whether incisal reduction is necessary and how much of 

the incisal overlap should be provided when an increase in incisal length 

is not required12–15.Not only that but the amount of incisal reduction 

varies widely from 0.5 millimeter1 to 2 mm.13 

Before attaching the veneers, the dentist removes some enamel 
from the tooth‟s surface to allow the shells to be bonded realistically to 

the front of the teeth. Removing the correct amount of enamel requires 

calculation of shape, size and thickness of the veneer and shade guide. 

Dental veneers can fix a number of cosmetic issues, including crooked 

teeth, damaged enamel, and gaps between teeth.  

 
 

 Dental Crowns 
A dental crown, also known as a dental cap, fits over a decayed or 

damaged tooth. These crowns can keep a weakened tooth from breaking 

https://paperpile.com/c/CPESM9/WnNx+xRON+TAIc
https://paperpile.com/c/CPESM9/TAIc+JSGB+IGzY+4X6e
https://www.webmd.com/oral-health/qa/what-is-enamel
https://www.webmd.com/oral-health/video/tooth-crown
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or be used cosmetically to cover misshapen or severely discolored teeth.  

Thus the amount of build up of resin on a grossly carious tooth to 

prepare it for a dental crown needs exact amount of calculation of 
building up and tooth preparation for a correct shape and size for a 

dental crown to fit on it. Depending on the material of the crown, the 

amount of tooth reduction is done. 

They can also be used to cover other procedures, like root canals, 

enamel fillings, dental bridges, or dental implants.  

 
 

 Dental Implants 
After severe tooth decay or tooth loss, dental implants are used to replace 

teeth. The cosmetic dentist first attaches a screw to the jaw to provide 
support. Then, the implant is inserted into the bone socket of the missing 

tooth.  

Over time, the bone and tissue fuse to the implant, securing the 

replacement tooth inside the mouth. Once properly attached, the dental 

implant should blend into the surrounding teeth.  

 
 

2. Dental Public Health: 

Lord Kelvin had once said that Unless you can count it, weigh it or 
express it in a quantitative fashion, you have scarcely begun to think 

https://www.webmd.com/oral-health/root-canal-directory
https://www.webmd.com/oral-health/video/video-dental-bridges
https://www.webmd.com/oral-health/dental-implants-directory
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about the disease in a scientific fashion. The teeth and their surrounding 

structures are so definite, so easy to observe, and carry with them, so 

much of their previous disease history, that the measurement of dental 
diseases is much easier than the measurement of any other forms of the 

disease. 

 

Starting with various numbering systems for teeth: 

● The universal tooth numbering system 

 
 

● The FDI tooth numbering system 
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● The Palmer tooth Numbering system16 

 
 

Thus various dental indices were formulated to measure the 

extent of a disease. An index is an expression of clinical observation in 

numeric values. It is used to describe the status of the individual or 

group with respect to a condition being measured. The use of numeric 
scale and a standardized method for interpreting observations of a 

condition results in an index score that is more consistent and less 

subjective than a word description of that condition. – Esther M Wilkins8. 

Indices are used for the simplicity, reliability, objectivity, validity, 

acceptability and quantifiability to mention the accuracy and precision of 
a disease and for individual assessment of the disease and thus to 

prevent or take precautions. Therefore the oral cavity also has various 

indices for every part of the soft as well as hard tissue. 

 

For example: 

Indices Used for Oral Hygiene Assessment 
a.  Oral Hygiene Index17 

b.  Simplified Oral Hygiene Index18 

c.  Patient Hygiene Performance 19 

d. Plaque Index20 

e. Turesky, gilmore, glickman modification of the quigley hein plaque 
index 21 

 

https://paperpile.com/c/CPESM9/eLFx
https://paperpile.com/c/CPESM9/iS84
https://paperpile.com/c/CPESM9/ThlJ
https://paperpile.com/c/CPESM9/K8wL
https://paperpile.com/c/CPESM9/cC7V
https://paperpile.com/c/CPESM9/fSPT
https://paperpile.com/c/CPESM9/lSuY
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3. Endodontics and Conservative Dentistry: 

Endodontics encompasses the study (practice) of the basic and clinical 

sciences of normal dental pulp, the etiology, diagnosis, prevention, and 
treatment of diseases and injuries of the dental pulp along with 

associated periradicular conditions. 

And to save the pulp or to clean the canal a particular procedure 

with protocols is needed. The file systems to clean and prepare the pulp 

canals have angulated cutting edges which are precisely formulated for 

precision cutting. Various measuring devices to measure the length of the 
canals. 

  

     
 

4. Oral Radiology: 

An equation to estimate patient radiation dose: The equation, Output 

(mR) = A × 6.53×10-4 (mR/mAs) (kVp2 ) -1 × kVp2 × mAs, where A was 

0.5, 0.8 and 1.0 for single phase, three phases and high frequency x-ray 

machine, respectively altered the confident and cheap method of patient 

dose measurement in routine diagnostic x-ray examinations.22 
 

https://en.wikipedia.org/wiki/Etiology
https://en.wiktionary.org/wiki/periradicular
https://paperpile.com/c/CPESM9/Mj1e
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5. Oral and Maxillofacial Surgery: 

Oral and maxillofacial surgery is a surgical specialty focusing on 

reconstructive surgery of the face, facial traumasurgery, the oral cavity, 
head and neck, mouth, and jaws, as well as facial cosmetic surgery. 

Whenever an orthognathic surgery is carried out, a mock up 

model is created of how many centimeters or millimeters of bone to be 

cut, reshaped or displaced for correction of the skeletal structures of the 

face. There are certain limitation of reshaping or displacing the skeletal 

structure thus the accuracy is required by calculating the length and 
width of the skeletal structure.23–25 To check whether it will look 

favourable for the face or no. the facial structures include surgeries of 

nose, chin, mandible, maxilla, orbital rims, zygomatic arch and so on. 

(epker envelope of discrepancy). 

 
6. Orthodontics and Dentofacial Orthopaedics: 

Orthodontics is a dentistry specialty that addresses the diagnosis, 

prevention, and correction of mal-positioned teeth and jaws, and 

misaligned bite patterns26. It may also address the modification of facial 

growth, known as dentofacial orthopedics. 

To correct the skeletal bases of maxilla and mandibular jaw and 
the teeth certain geometric calculations, algorithms, mathematical 

problem solving of growth according to the age, amount of space required 

to straighten the teeth and the speed and distance required or present to 

correct the skeletal discrepancy are required. The following will be 

explained in brief. below. 
 

For example: 

● Cephalometric Analysis: 

To know the skeletal bases, and the inclinations of the jaw and teeth 

lateral cephalograms are taken, tracings are done of the outline of hard 

and soft tissues, landmarks a marked and an accurate analysis is being 
carried out for proper diagnosis, treatment objectives and planning. 

Various analysis are:  

● Down‟s analysis 

● Steiner analysis 

● Tweed analysis 
● The wits appraisal 

 
 

https://en.wikipedia.org/wiki/Reconstructive_surgery
https://en.wikipedia.org/wiki/Face
https://en.wikipedia.org/wiki/Facial_trauma
https://en.wikipedia.org/wiki/Facial_trauma
https://en.wikipedia.org/wiki/Facial_trauma
https://en.wikipedia.org/wiki/Oral_cavity
https://en.wikipedia.org/wiki/Head
https://en.wikipedia.org/wiki/Neck
https://en.wikipedia.org/wiki/Mouth
https://en.wikipedia.org/wiki/Jaw
https://en.wikipedia.org/wiki/Cosmetic_surgery
https://paperpile.com/c/CPESM9/qk0O+Zidb+9Owi
https://en.wikipedia.org/wiki/Dentistry
https://paperpile.com/c/CPESM9/vwqu
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● Model Analysis: 

Study casts are essential diagnostic aids. The study models provide a 

three dimensional view of the maxillary and the mandibular dental 

arches. They represent the teeth and their supporting tissues and also 

the relationship between the upper and lower dental arches in centric 

occlusion. Model analysis involves the study of maxillary and mandibular 
dental arches in all the three planes of space (sagittal, vertical and 

transverse planes) and is a valuable tool in orthodontic diagnosis and 

treatment planning. 

 Each tooth size, width length height is recorded, arch length is 

measured, crowding of teeth in arch, spacing if any in the arch are 

measured, calculated and analysed to formulate a diagnosis. On the 
dependence of diagnosis treatment planning is carried out. For 

determination of arch length, tooth discrepancy, total tooth material, 

tooth diameter, basal arch width measuring, calculating with the help of 
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formulas entirely, mathematics is needed.  

 

For example: 
● Carey‟s analysis 

● Ashley howes analysis27 

Canine width: Premolar basal arch width x 100/total tooth 

material% 

● Ponts analysis28 

To calculate premolar value: sum of incisors x 100/80 
To calculate molar value: sum of incisors x 100/64 

● Linder harth index 

● Korkhaus analysis  

● Bolton‟s analysis 26,29 

 Overall ratio: sum of mandibular 12 x 100/sum of maxillary 12 
Depending on what excess calculations were done. 

● Mixed dentition analysis, etc 

 
 

 

https://paperpile.com/c/CPESM9/gnS6
https://paperpile.com/c/CPESM9/KtRe
https://paperpile.com/c/CPESM9/vwqu+l9pG
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● Construction bite for mandibular advancement where horizontal 

advancement is calculated along with vertical measurement to make 
a functional appliance. 

● Growth predictions are calculated. 

● biophysics is related to biomechanics for tooth movement which is 

related to mathematics indirectly  

 

7. Prosthodontics: 
Prosthodontics, also known as dental prosthetics or prosthetic dentistry, 

is the area of dentistry that focuses on dental prostheses. 

It consists of condylar guidance, various dental prosthesis like 

dental crowns, bridges, veneers, implants and so on. To calculate the 

direction and path of closure or the condylar guidance mathematical 
formulas were formulated by the authors for accuracy. For aesthetic 

purposes to get the symmetry in the smile the anterior teeth need proper 

shape size and height of prosthesis which are calculated by various 

mathematical proportions. 

 

For example: 
● Hanau formula for lateral condylar guidance: 

Sir Rudolph Hanau in 1930 suggested the use of the Hanau's 

formula, L = H/8 + 12 to calculate lateral condylar guidance for 

adjusting his articulators.30.  

● M proportion: This method compares the tooth width with the facial 
width using a software. The whole analysis is done in the computer 

and hence involves more mathematics rather than artistic 

analysis.31 

● Golden proportion:30,32 

● Red proportion33:  

 
 

https://en.wikipedia.org/wiki/Dentistry
https://en.wikipedia.org/wiki/Dental_prosthesis
https://paperpile.com/c/CPESM9/CMkT
https://paperpile.com/c/CPESM9/VmT2
https://paperpile.com/c/CPESM9/CMkT+rw8c
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8. Periodontology: 
The specialty of dentistry that studies supporting structures of teeth, as 

well as diseases and conditions that affect them. The supporting tissues 

are known as the periodontium, which includes the gingiva (gums), 

alveolar bone, cementum, and the periodontal ligament. A periodontist is 

a dentist that specializes in the prevention, diagnosis and treatment of 
periodontal disease and in the placement of dental implants. 

The way public health dentistry have indices, similarly 

periodontics also have indices. 

 

For example: 

Gingival and periodontal disease indices  
● Gingival index34 

● Modified gingival index35 

● Periodontal index 

● Cpitn (Who, FDI 1982) 

https://en.wikipedia.org/wiki/Specialty_(dentistry)
https://en.wikipedia.org/wiki/Dentistry
https://en.wikipedia.org/wiki/Tooth
https://en.wikipedia.org/wiki/Periodontium
https://en.wikipedia.org/wiki/Gingiva
https://en.wikipedia.org/wiki/Alveolar_bone
https://en.wikipedia.org/wiki/Cementum
https://en.wikipedia.org/wiki/Periodontal_ligament
https://en.wikipedia.org/wiki/Periodontal_disease
https://en.wikipedia.org/wiki/Dental_implant
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5 CONCLUSION 

When medicine and dental is linked with mathematics, the accuracy and 
finesse is achieved. In the previous years, the authors and inventors were 

very well aware about how important mathematics is in inventing valid 

and reliable formulas to make work easier, convenient and accurate. New 

research also requires statistics which needs mathematics. Hence we 

know the importance and value of mathematics in the career of dentistry. 
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MATHEMATICS AND ORTHODONTICS SOLVING THEIR INTERPLAY 

WITH BIOMECHANIC 

 
Dr. NG Toshniwal, Dr. Pranit Rathi, Dr. Ms. Jivanasha Agrawal,  

Dr. G Chandrashekhar, Dr. Vijay Tanpure  

 
Abstract- Orthodontic Treatment is being widely practiced around the 

world for teeth straightening and extraction to improve alignment of 

remaining teeth. Here, forces are applied to correct the position of teeth. 

The force applied on the teeth isn‟t calibrated and applied arbitrarily 

based on the recommendations from scientific research and experience of 

the orthodontist. The number of settings and the total time required for 
the completion of treatment also remains arbitrary. So, there is a need for 

determining the force which is actually acting on the teeth and 

determining the optimal force required for the treatment of each and 

every individual case. In this paper a mathematical relation is derived 

between the force applied on the tooth and tooth displacement by 
considering a 2nd order non-homogeneous linear differential equation. As 

the tooth displacement is not a direct function of force applied, 

Biomechanical parameters like mass of tooth, stiffness and damping 

coefficient of periodontal ligament & alveolar bone are involved in the 

differential equation. By solving the equation, tooth displacement 

thereby, tooth velocity can be obtained for a particular force. On the other 
hand, based on the dimensions of the model, orthodontist could 

determine the total tooth displacement required for each setting of the 

treatment, so that, the total displacement is covered. The orthodontist 

uses the data and applies the required force on to the teeth, based on 

which the orthodontist can plan his treatment procedure and reduce the 
number of settings, total treatment time and also increases the success 

rate of the treatment. 

 

1 INTRODUCTION 

In a highly beauty conscious procreation, people need quick fix to attract 

the world. Orthodontics is the specialized area in the science of Dentistry, 
which outfit the needs of straightening teeth, giving a major reshaping to 

the facial expressions of the patient. Fundamental principles for the 

treatment planning hasn‟t been changed, since there has been much care 

taken in enhance the treatment, rather than revitalize the procedures 

towards orthodontic force, a variable that can be restrained during the 
treatment. But due to the unavailability of convenient measuring 

instrument that could specify orthodontic force which is actually acting 

on a live subject has never been certified.  

             Though there endure an ideal arch model that could provide a 

reproduction for obtaining orthodontic force, can‟t be sanctioned, as the 

dental arch isn‟t the same for all cases and  individually orthodontic 
treatment is patient centric. These ideal dental arches couldn‟t provide 

pressing information needed by the orthodontist for transfer forward the 

treatment. 

Orthodontic forces achieve a compound set of mechanical stimuli  

provoke biological reactions in associated with periodontal ligament (PDL) 
and alveolar bone, thereby  creating teeth to move to more  earmark 

positions in the jaw. For this reason, the biomechanics of orthodontic 

tooth movement has been an increasing field of investigation in the dental 
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research association as a part of continuous attempt to improve the 

clinical adaptability and outcomes of the treatment. 

However, due to the anatomic and material intricacy of tooth-
supporting apparatus (alveolar bone, PDL, and root cementum), it is not 

easy to quantitatively regulate mechanical responses to orthodontic loads 

without advancing a realistic biomechanical model. Orthodontic tooth 

movement (OTM) is the result of biological reactions to ostensibly applied 

mechanical stimuli.  

The optimal operation of the orthodontic force enables maximum 
movement of teeth with minimal irreversible mishap of the PDL, alveolar 

bone, and teeth. Therefore, knowing the relationships between the 

variation in the induced mechanical strain fields and reciprocal biological 

reactions are touchy. 

       In contrast, reciprocal the mechanical feedback during orthodontic 
therapy which not only might make OTM disorganized and extend its 

duration unnecessarily, but also might cause negative consecution. It 

was shown that, disproportionate loading on tooth can lead to substantial 

degeneration of tooth tissue, reduced practically, and disappointing 

aesthetic and clinical conclusion.  

 Tooth tipping is the most widely used access in orthodontic 
treatment. The communication between the applied orthodontic force 

systems and the resulting OTM has been entrenched empirically, largely 

derived from clinical understanding of various scenarios [1]. 

In the initial phase, peak movement occurs for the root subjected 

to the highest force adjuvant with a reduction of thickness of the PDL. 
The clinical data indicate that, for a maxillary canine, the tooth 

movement convinced by orthodontic tipping forces is entertain by bone 

remodelling of the alveolar crest.  

In contrast, during the final OTM phase, the PDL and the 

neighbouring alveolar bone experience uninterrupted remodelling that 

yields a constant rate of tooth movement. However, a previous studies 
advocated that the initial loading is the primary connotation to trigger 

bone remodelling and determine OTM. A healthy tooth from a 

biomechanical point of view react as an over damped harmonic oscillator. 

Periodontal ligament plays the most important role in 

physiological tooth mobility. Awareness of the physical properties of the 
periodontal ligament would be suitable to elucidate the role of the 

ligament in absorbing occlusal load and to increase understanding of 

tooth movement under orthodontic loading. The mechanical properties 

and elastic behaviour of periodontal tissues are the conclusive factors in 

understanding initial tooth mobility and bone remodelling action in 

orthodontics [2, 3, 4, & 5]. 
Okazaki et al. [3] predicted spring constant and the coefficient of 

viscous damping of PDL by employing viscoelastic models with one degree 

of freedom taking silicon membranes as model periodontal ligament.  

Lee et al. [6] wrought on the dimensions of the root of human 

tooth. The relation between length, width and projected area of the root of 
human tooth are probed by taking the photographs of intact, extracted 

human permanent teeth. 

Rees and Jacobsen [7] resolved the young‟s modulus of 

periodontal ligament by using a two dimensional finite element mesh of a 

lower first premolar to model two different tooth loading systems which 

measured either the vertical or the horizontal movements of a particular 
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tooth. The elastic modulus of the periodontal ligament was varied in the 

finite element model until the horizontal and vertical movements of the 

model correlated with the two experimental systems. 
 

2 MATHEMATICAL FORMULATION OF BIOMECHANICAL 

PARAMETERS USED IN ORTHODONTIC TREATMENT 

Usually biological systems are more complicated than man-built systems. 

Modelling of Biomedical or Biomechanical Systems had become a wide 

research area. Now a day‟s mathematical modelling and reproduction are 
being used to analyse such associated problems. It is detected that 

mathematical modelling and reproduction are far better than doing 

search on animals extracted from samples. Numerical methods are hence 

applied in almost every biomechanical study. In this chapter, a 

mathematical formulation is developed to relate the parameters involved 
in orthodontic treatment. A relation is derived between the force applied 

on the tooth and tooth movement by consolidating a 2nd order no 

homogeneous linear differential equation. When a force is applied on the 

tooth, tooth movement behaviour is similar to an over damped oscillator. 

It is due to the damping nature of periodontal ligament. PDL is a soft 

tissue that oversight the tooth displacement and consists of collagen fiber 
[9 & 10]. Due to the consolidation of collagen fibers and fluid, it shows 

viscoelastic behaviour. Considering the force applied on the tooth by 

using Stain less Steel (S. S) wire. It is observed that in general ODT using 

S.S wire an intermittent force is required to recompense the force decay 

as time progresses. The equation for a one dimensional over damped 
oscillator with time subordinate exiting force is given as follows [8]: 

mx” + cx‟ + kx = 0 

 

Where: 

m  =  Mass of tooth (in kilo grams) 

c  =  Damping Coefficient of PDL (in N-sec/Mt) 
k  =  Stiffness of PDL (in N/Mt) 

f  =  Applied force (in Newton) 

α  =  Force decaying constant. 

(α< 0)t =  Time period through which force is applied. 

x  =  Tooth displacement 
 

Considering the characteristic equation 

mx” + cx‟ + kx = 0 

 

General solution for the above equation is in the form of x = est  

 
Hence by solving, the solution for the given Differential equation is:  

 

Tooth Displacement, 

x = c1 es
1
 t 

+ c2 es
2
 t 

+ feαt/ mα2 + cα + k 

 
Where C1, C2 are constants and s1, s2 are roots of characteristic equation. 

 

Constants in the above equation are evaluated by differentiating the eqn. (1) and 

then applying boundary conditions. 

dx/dt = c1 s1 es
1
 t 

+ c2 s2 es
2
 t 

+ fαeαt/mα2 + cα + k 
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Boundary Conditions for the present model are:  

                                     At t = 0 dx/dt = 0 

 
Applying the boundary conditions (3), (4) to the equations (1), (2) then: 

c1  = f/ mα2 + cα + k [α+s2 / s1 – s2] es
1
 t 

 

c2  = f/ mα2 + cα + k [1/ s2 – s1] es
2
 t 

 

x = f/ mα2 + cα + k [α+s2 / s1 – s2] es
1
 t + f/ mα2 + cα + k [1/ s2 – 

s1] es
2
t + feαt/ mα2 + cα + k 

 

 Numerical values used in the present paper are taken from the 

previous works [3, 4, 6 & 7].  

 
They are:  

Mass of tooth, m   =  0.5 grams 

Optimum force, f   =  0.6 Newton 

Young‟s modulus of PDL E  =  5 MPA 

Lingual Area, A   =  0.5 cm2 

Lingual length, L   =  1.28 cm 
Stiffness, K = (E*A)/ L  =  20000 N-M 

Damping Coefficient, c  =  0.05 N-sec/m = 43200 N-Day/ Mt 

Time, t    =  45 Days 

Force decaying constant, α  =  -0.01 

 
The prepared mathematical model is further analysed for its adequacy 

using different patients‟ age groups. The diagnostic plots are peaked to 

find the primary unknown quantity i.e., tooth displacement, and 

treatment time for various age groups. From the results, it is detected 

that the effect of complementary function on total solution is zero. Hence 

mass of the tooth has no implication in the system equation. By using the 
above mathematical formulation, a graph is drawn by taking “Time (in 

Days)” on X-axis and “Tooth Displacement (in Meters)” on y axis. 

 

Graph 1 Effect of F, α on tooth movement 

 

From the graph (fig.1), it is noted that the tooth movement behaviour is 
matching to an over damped oscillator. As the force decreases with 

increase in time, the movement of tooth decreases. 
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Force decreases with increase in time, the movement of tooth 

decreases. Time vs. cumulative movement graph is drawn from which it 

is observed that when a force of 0.6 Newton enforced on tooth for a time 
period of 45 days, total tooth movement is 1.136 mm. 

The decay of force inter-related on the parameter α. The decay of 

force for each individual differs from the other. The force decaying 

parameter (α) lean on so many factors like type of force applied (either by 

using Stainless Steel wire or Nickel - Titanium wire), age of the person, 

condition of PDL and Alveolar bone etc… Hence, Force decay is a 
complicated phenomenon. To clarify this phenomenon in detail, Time Vs 

Tooth movement graphs are drawn for different forces, α value and the 

results are evaluated. 

Hence, from the results it is clear that for a constant force applied 

on the tooth the treatment time increases with increase in age, reason 
being the variation in α. A surface plot is drawn by taking time, force and 

tooth displacement on X, Y and Z axes respectively. It is noted that when 

force is increased in a stipulated interval of time, tooth movement is 

increased. 

Figure 2 Effect of force and time on tooth displacement 

 

The surface plot (Figure 2) can be used in predicting the total tooth 

movement for any force at any point of time in the orthodontic treatment. 

All the above results are validated by the doctors through their past 

experience. 
 

3 CONCLUSIONS 

A mathematical affiliation is derived between the force practiced on the 

tooth and tooth movement by seeing a 2nd order non-homogeneous linear 

differential equation. It is attended that when a force is enforced on the 
tooth, the tooth along with PDL operate like an over damped oscillator. 

Here as the force decreases with increase in time, the displacement of 

tooth decreases. Hence it is achieved that when a force of 0.6 Newton is 

practiced on the tooth of a patients‟ age between 7 to15 for a time period 

of 45 days, total tooth movement is 1.136 mm. It is also prominent that 

for appropriate force, the treatment time increases with increase in age. 
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Thus, it finally shows that the developed mathematical model in the 

present study can be used to anticipate the total tooth movement for any 

force and at any point of time in the orthodontic treatment.  
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1 INTRODUCTION 

Digital Signature should be such that each user should be able to verify 
signature of other user but that should give him/her no information how 

to sign a message on behind of other users. The main difference from a 

handwritten signature is that digital signature of a message is intimately 

connected with the message and for different message is different 

whereas the handwritten signature is adjoined to the message and always 

looks the same technically, digital signature is performed by a signing 
algorithm and it is verified by a verification algorithm. A copy of digital 

(conventional) signature is identical (usually distinguishable) to (from) the 

original. A care has therefore to be made that a classical signature is not 

misused. 

Digital Signature Algorithm (DSA) is one of the federal information 
processing standards for making digital signature depends on the 

mathematical concept or we can say the formulas of modular expatiation 

and the discrete logarithm problem to cryptograph the signature digitally 

in this algorithm. 

 

2 LITERATURE REVIEW 
In 1991 thus government has proposed the digital signature standard 

(DSS) as a federal standard to enable federal government agencies to use 

the digital signature Algorithm (DSA) (3) to sign electronic documents. 

The DSS is one of the ELGAMAL Type signature schemes based on the 

discrete logarithm problem.  
Verifying each ELGAMAL –Type signature requires at least two 

modular exponentiations. Since modular exponentiation with a very large 

modulus is a very time consuming computation. It becomes very 

desirable to use special- purpose hardware or an efficient software 

algorithm to speed up the signature verification process.  

Naccache et al (4) proposed an interactive DSA batch verification 
protocol that the signer generates signatures through interactions with 

the verifier and then the verifier validates theses signatures at once based 

on one batch verification criterion.  

Lim and lee(5) pointed out that the interactive DSA batch protocol 

proposed by Naccacheelal, insecure, LaterHarn (6) proposed a DSA- Type 
secure interactive batch verification protocol. 

Since 1965, when Zadeh (9) discovered the Fuzzy, it has been proving the 

friend to the modern society. Thus the present study lies with this 

concept by the combination and compound rues of fuzzy or especially the 

fuzzy images theory and its best combination and the best compound at 

the senders and receivers. Fuzzy images, which are really unique and 
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provide the unique and life time security performances because the fuzzy 

image is the unique identification euex constant and all time available. 

 
3 THE ELGAMAL ALOGRITHM (2)  

The ELGAMAL System is a public- key system which is based on the 

discrete logarithmic problem and consists of both encryption and 

signature outlets. Encryption is very similar to the diffie- Hellman key 

agreement protocol. The system parameter consists of a prime p and an 

integer g, whose powers modulo p generate a large number of elements as 
in diffie- Hellman. It is not necessary for g to generate every element from 

1 to p-1; however, it is ideal. Person 1 has a private key a and public key 

y, where   y=g a mod p € (F, µ). Suppose person 2 wishes to send a 

message, T, to person 1. Person 2 generates a random number, k,less 

than p. Next they compute: y1=gkmod p € (F, µ), and y2 = ykm mode p € 
(F, µ), person2 then sends (y1, y2) € (F, µ), to person 1. Upon receiving 

this text person 1 then computes y1-a y2 mod p € (F, µ), . This is then 

equal to m, because y1-a y2= g –akykm=ykykm=m mode p € (F, µ). 

Another way of looking at this process is as two separate ideas. Because I 

am changing the procedure. I am going to use separate variables. 

 
Encryption: person 2 encrypts a message t for person 1. Firstly obtain 

person 1‟s public key (p,r,rr)€ (F, µ), Next represent the message as an 

integer T in the range {1,2,……p-1}€ (F, µ). Then select a random integer 

k, such that 1≤ k ≤p-2. Compute y=rk mod p € (F, µ) and z = T.(rr)k 

modep € (F, µ).Lastly , send the cipher text X= (y,z)€ (F, µ) to person 1. 
 

Decryption: person1, to change the cipher text to plaintext should do the 

following. Firstly use the private key r to computer y p-1-r mode p € (F, 

µ).[ Note that y p-1-r =y-r = r-rk] Lastly recover T by computing (y-r). Z 

mode p € (F, µ). This decryption works because                               y-r.z = 

r-rkTrrk=T mod p € (F, µ). 
The ElGamal signature algorithm is similar to the encryption with 

the public and private keys having the same form. However, encryption is 

not the same as signature verification, nor is decryption the same as 

signature creation. Analysis based on the best available algorithms for 

both factoring, and discrete logarithms, show that the RSA system and 
the EIGamal system have similar security for equivalent key lengths.  

 

3.1 Probabilistic public-key Encryption [3, 4, 6, 7, 8, 9, 11, 12] 

The probabilistic encryption cipher that I will discuss was developed by 

Goldwasser and Micali. The previous examples of ciphers were of 

deterministic encryption, that under a fixed public key a particular 
plaintext, T, is always encrypted to the same cipher text X. there are 

three major drawbacks to deterministic encryption. First, deterministic 

encryptions always encrypt the same messages to them, and so are easy 

to detect. In other words, it is not secure for all probability distributions 

of the message space. Secondly, it is sometimes easy to compute partial 
information about the plaintext from the cipher text. For example,                      

X=T p mod n€ (F, µ).is the cipher text corresponding to the plaintext, 

someone could find e^x=(X/n)= ( T^p/n)=(T/n)p =(T/n)€ (F, µ), with this 

someone now has the Jacobi symbol(T/n). Lastly, deterministic 

encryption makes it easy to detect when the same message is sent twice. 

The idea behind probabilistic encryption is that a message is encrypted 
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into one of many possible cipher texts, not just a single cipher text as in 

the above encryptions. Probabilistic encryption utilizes randomness to 

attain a very strong level of security. This is done so that it is as hard to 
get partial information about the message from the cipher text. In the 

previous approaches to encryption, even though it was not always known 

whether one could gather partial information, it is not proved that one 

could not do so.  

An example probabilistic encryption is the Goldwasser and Micali 

encryption. This encryption process is based on the union of the set of 
squares and the set of pseudo-squares. For key generation, person 1 will 

start by selecting two primes p and q. Using these two primes calculate 

n=pq€ (F, µ), Next there is the selection of an integer y, such that y is a 

qnr (mod n) € (F, µ). This then has the Jacobi symbol (y/n)= 1 (y is a 

pseudo-square mod n). The public key is then (n, y) with private key (p, 
q). Now that we know how to calculate the keys we can look at the 

encryption process.  

For a person 2 to encrypt a message for person 1 they should first 

obtain person 1‟s public key. The person then represents the message T 

as a binary string T=T1T2….Tm of length m. for an I form 1 to m: first 

choose an integer x at random, if mi = 1 then set Xi ← yx2 mod n, € (F, µ) 
otherwise set Xi = x 2 mod n € (F, µ). The last step would be to send the 

m-tuple X=(X1X2…..Xm)€ (F, µ) to person 1.  

This process would not be practical unless there was a way to decrypt it. 

To start the decryption process or recovering T from X, person1. Should 

do the following. For I form 1 to m: compute the Legendre symbol ei= 
symbol (Xi/p), if Xi = 1 then set Xi← 0: otherwise set Xi← 1,  

Then the decrypted message is T = T1T2…Tm. 

This entire cipher works because of the following reason. If T i = 0 

then Xi    = x2 mod n is a quadratic residue (mod n). if T i = 1 then given 

y is a pseudo-square (mod n) ,Xi  = yx2mod n is also a pseudo-square 

(mod n). 
Then Xi is a qr (mod n) if and only if Xi is a qr (mod p) i.e. (Xi/p)  

=1. Since person 1 knows the value of p, this Legendre symbol can be 

computed and the message Ti can be found. Another more efficient cipher 

is the Blum-Goldwasser cipher. 

These ciphers are semantically secure; this means that, for all the 
probability distributions over the text, whatever an attacker can compute 

about the plaintext from the cipher text, it can also compute without the 

cipher text. A public- key cipher is semantically secure if the cipher text 

does not leek out any partial information about the plaintext. This cipher 

is only semantically secure if the quadratic residuosity problem is 

impractical to break.  
 

4 FINDING 

We determine efficient and secure non-interactive algorithms to verify 

multiple DSA-type digital signatures signed by a private key. Instead of 

verifying each individual signature separately. We propose to verify 
multiple signatures simultaneously. Since this approach maintains the 

same computational load as to verify a single signature, a significant 

reduction in time for signature verification can be achieved. The 

application of our algorithm can be found in some traffic congested 

gateways that require verifying X.509 public –key certificates signed by a 

same certificate Authority (CA). 
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5 CONCLUSION  

Every man has the personal physical identification such as Thumb 
impression, Signature. Eye pupil, Voice etc. in modern digital era digital 

signature is using. It should have everyman as the digital identification. 

Because, nowadays everyman is using ATM, Online banking, Online 

Transaction. Debit Cards, Credit Cards etc. 

In future, we will enter in the paper free world, where we will need 

the knowledge of electronic communication properly otherwise, we can 
lose everything .in this context, our project can useful for everyman. 

Because, we will provide the digital signature to everyman.  
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