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ABSTRACT 
 

BACKGROUND 

  Forensic dentistry a branch of dentistry dealing with the proper handling and 

examination of evidence and proper evaluation and presentation of dental findings.   

Two important parameters of this study are Orbits and Frontal sinus. The frontal sinus is as 

unique to each individual as a fingerprint, even in monozygotic twins. Orbital aperture is 

associated with morphological variations and is used in forensic as a parameter for sexual and 

ethnic determination in human identification. The orbital aperture is important for gender 

determination as orbit is resistance to damage and disintegration processes 

AIM 

To determine gender and age estimation on the basis of frontal sinus and orbital aperture using 

digital postero-anterior cephalometric skull view. 

OBJECTIVES 

. 1.To measure frontal sinus and orbital aperture for gender determination using digital 

postero-anterior cephalometric skull view. 

2.To measure frontal sinus and orbital aperture for age estimation using postero-anterior 

cephalometric skull view. 

 3.To assess the validity of the above structures for age and gender determination  

MATERIALS AND METHODS 

            In the present study 200 patients (100 males and 100 females) with age range of 15- 70 

years  

Postero-anterior cephalograms of all the subjects involved in the study were taken with standard 

protocol for radiation protection.  

• The maximum length and width of the right and left frontal sinus  

• The maximum length and width of the right and left orbits and the inter-orbital distance    
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RESULTS 

The results of present study revealed that the frontal sinus decreases with age which was 

statistically significant (p<0.001); orbital apertures showed no significant changes with 

increasing age (p > 0.05); frontal sinus and orbital aperture size was greater in male than in 

females which was statistically significant (p< 001). 

CONCLUSION 

  It can be concluded that frontal sinus and orbital aperture both can be used as an asset 

in forensic dentistry; frontal sinus being more useful than orbital aperture which was statistically 

significant.   

KEYWORDS- forensic dentistry, frontal sinus, orbital aperture, postero- anterior cephalogram 
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INTRODUCTION 

The word Forensic comes from the Latin word forensis: public; to the forum or public discussion; 

argumentative, belonging to debate or discussion.  

Forensic dentistry is the branch of dentistry that deals with the legal aspects of professional dental 

practices and treatment and plays an important role in mass disasters (terrorist attacks, 

earthquakes, Tsunamis), abuse, bite mark analysis, criminal or natural deaths and injuries. Also 

helps in identification of decomposed and charred bodies like drowned persons, burns, and 

victims of motor vehicle accidents. The different methods employed in in forensic dentistry 

include bite mark analysis, tooth prints, Rugoscopy, Cheiloscopy, Dental DNA analysis, 

Radiographs [1] 

Dentomaxillofacial Radiology is a valuable tool in forensic dentistry, and radiographs have been 

used to identify unknown human remains since the early 1900s.[2] The utilization of radiographs 

in identification is valuable and various morphological and pathological alterations can also be 

studied. Radiological identification plays an important role in forensic medicine, in the absence 

of comparative samples and fingerprints.[3] Metric analyses on the radiographs are of superior 

value due to their objectivity, accuracy, and reproducibility. Radiographic techniques determine 

the dimensions of the craniofacial structures.[2] Morphological features on the radiographs has 

two requirements to be of forensic identification value: Firstly, the feature has to be unique to 

the individual; secondly, has to remain stable over time regardless of the ongoing life processes. 

[3] 

Cephalometry is a cost effective and well-established method for evaluating patients with 

dentofacial deformities. Posteroanterior (PA) cephalometric projections is an important adjunct 

for qualitative and quantitative evaluation of the dentofacial region. This radiograph is a valuable 

tool for comparing right and left structures as they are located at relatively equal distances from 

the film and radiographic source. Gross inspection of PA cephalogram provides a useful 

information concerning overall morphology, shape and size of the skull, the bone density as well 

as suture morphology and possible deviations from these..[4]  

Personal identification is the establishment of the identity of an individual. The need for personal 

identification is seen in natural mass disasters and in man-made disasters such as terrorist attacks, 
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bomb blasts, mass murders, and in cases when the body is highly decomposed or dismembered 

and in the need for social and medico-legal purposes. [5]  

Two important parameters of this study are Orbits and Frontal sinus which are dimorphic, unique 

and can be an asset to forensic study. 

The frontal sinuses are two in number and lies between the external and internal faces of the 

frontal bone. They are asymmetrical and lies medial part of the orbital roof. The significance of 

frontal sinus in forensic sex determination lies in their unique pattern.[6] The frontal sinus is as 

unique to each individual as a fingerprint, even in monozygotic twins.[7] The outline of the frontal 

sinus is irregular, and the dimensions of the frontal sinus are more convenient for being exactly 

measured. Both the sinuses develop at the age of two years and grow slowly until puberty, then 

rapidly until completing growth at around 20 years. Changes in the adult sinuses are rare and 

generally remain stable throughout life and hence their assessment through linear and area 

measurements is carried out. Studies have shown that evaluation of frontal sinus radiographs is 

important in determination of gender. [6]  

Human skulls have been used to measure the orbital aperture and the orbital bone and the 

associated morphological variations which may be used in forensic medicine as a parameter for 

sexual and ethnic determination in human identification. The orbital aperture is important for 

gender determination as orbit is resistance to damage and disintegration processes. 

Only few researches have been done to assess the morphology of both frontal sinus and orbital 

aperture, hence the need was felt to conduct a study for age and gender determination through 

evaluation of morphology of frontal sinus and orbital aperture.  
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AIM & OBJECTIVES 

AIM   

To determine gender and age estimation on the basis of frontal sinus and orbital aperture using 

digital postero-anterior cephalometric skull view. 

OBJECTIVE  

1.To measure frontal sinus and orbital aperture for gender determination using digital postero-

anterior cephalometric skull view. 

2.To measure frontal sinus and orbital aperture for age estimation using postero-anterior 

cephalometric skull view. 

 3.To assess the validity of the above structures for age and gender determination 
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REVIEW OF LITERATURE 

The word Forensic comes from the Latin word forensis: public; to the forum or public discussion; 

argumentative, belonging to debate or discussion. 

 Further  Keiser–Nielson (1980) defined it  as “The branch of forensic medicine which in the 

interest of justice deals with the proper handling and examination of dental evidence and with 

the proper evaluation and presentation of the dental findings” [8] 

Skull bones has always aided in genetic, anthropological, odontological and forensic 

investigation of living and non- living individual.[9] 

Radiographic evaluation of various skeletal structures including skull is a potential useful 

procedure for identification of human remains [10] 

Chronological age assessment plays important role in medico-legal practice which is complex 

and involve the consideration of many factors. Changes pertaining to chronological age can be 

seen in both hard and soft tissue; among dental hard tissues and bone are extremely resistant to 

fire and are usually the only remains after an extended period of burial [10]. Age estimation also 

provides valuable information in illegal immigrants.  Skeletal, dental and psychological methods 

allow assessment of age to assess the degree of physical maturity of individuals.[11]  

Thus, forensic odontology has gained importance as an important tool in identifying the 

skeletal/dental remains.  

The identification of gender from human remains is of fundamental importance in forensic 

medicine and anthropology, especially in criminal investigations and also in the identification of 

missing persons ae well as in the attempts at reconstructing the lives of ancient populations. 

Detection of sex based on measurements and morphometry are accurate and can be used in the 

determination of sex from the skull [10] 

Frontal sinuses are pneumatic cavities and are radiologically evident at five or six years and 

develop fully at the age of 20 years. Various studies have suggested that the frontal sinuses are 

slightly greater in males than in females. Frontal sinuses have been found different in 

monozygotic and dizygotic twin and is important in identification. Frontal sinus patterns have a 

potential aid for personal identification, age estimation and sexual dimorphism [12]  
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The orbit is a craniofacial structure located on the anterior surface of skull. Its morphology varies 

between race and ethnic groups.[13] Human skulls have been used to measure the orbital aperture 

&morphological variations of orbital aperture, and orbital bone is used in forensic as a parameter 

for sexual and ethnic determination in human identification. [2] 

 

 

HISTORICAL BACKGROUND-  

The evolution of forensic odontology is dated back in the Garden of Eden. According to the Old 

Testament, Eve convinced Adam to make a bite mark in apple. Ancient sources contain several 

accounts of techniques that foreshadow the concepts of forensic science that is developed 

centuries later, such as the "Eureka" legend told of Archimedes.[14] 

Histories of forensic odontology frequently refer to cases such as the identification of Lollia 

Paulina by Agrippina using visual recognition of ‘distinctive teeth’ Charles the bold from a 

missing upper tooth in 1477.  

Dr. Amoedo is the father of forensic odontology. His seminal work ‘‘L’Artdentaire en 

medicinelegale”, was published by Masson at Paris in 1898.  

M’Grath in 1869 described the use of dental characteristics to differentiate between two 

incinerated females, and a paper by Reid in 1884 discussed many cases using dental science for 

both personal identification and age assessment, one as early as 1835.[14] 

During 1957, the first Central Forensic Science Laboratory (CFSL) was established at Calcutta, 

followed by the ones at Chandigarh and Hyderabad (1965).[15] 

 

In India, Forensic Odontology is an upcoming branch of dentistry with a future scope of 

development. Dental Council of India has introduced it in the syllabus for Bachelor of Dental 

Surgery (BDS) but not as an individual subject in the curriculum of Dental Council of India. In 

the near future, Forensic odontology in India can become a separate discipline of dentistry as in 

the Western world.[16] 

 

  Agrippina, in 49 A.D was the first to recognized Lollia-Paulina's discoloured front teeth after 

her assassination. 
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Dentistry helps in the detection of crime or in civil proceedings. They established the essential 

role which forensic dentistry plays mainly in the identification of human remains.[17] Skull bones 

has always aided in genetic, anthropological, odontological and forensic investigation of living 

and non- living individual.[9] 

Radiographic evaluation of skeletal structures including skull is an important for identification 

of human remains [10] 

Role in Medico legal aspect-  

Forensic Odontology plays a role in  the law enforcement in the administration of justice. Though 

in developed countries this branch of dentistry is playing a useful role but as far as India is 

concerned its role is definitely being recognized nowadays. An overview of the basic and recent 

trends of this emerging branch of dentistry is presented to make the concerned professionals 

aware of their role in medico legal matters. [18] 

The first recorded medico-legal identification was of Dr. Joseph identified using dental means 

in. Mass forensic identification by dentition was first used at Paris, in 1897. Forensic Odontology 

a combination of art and science of dental medicine. It is the proper handling, examination and 

evaluation of dental evidence which are then  presented in the interest of justice.[19] 

 

 

FRONTAL SINUS  

The paranasal sinuses are spaces within the bones of skull, which are filled with air. These open 

spaces serve the purpose of warming and humidifying air, as well as giving resonance to the 

voice.  

Paranasal sinuses are lined with ciliated columnar epithelium that produce mucus and traps 

inhaled pathogens and keeps the inside of nose from drying out [20] 

Development of frontal sinus –  

Frontal sinus begins to develop during the 4th foetal month after the development of frontal 

recess. Initially this recess is a pocket found medial to the superior aspect of uncinate process. 

The frontal sinus is formed by a direct extension of frontal recess into the frontal bone. Prenatally, 

this sinus does not expand much further. Secondary pneumatization occurs postnatally, between 

ages of 6 months and 2 years. [21] 



25 

 

The frontal sinus is not present at birth. It begins to form as two small pea sized pockets located 

above the orbits at two years of age and are not visible radiographically until approximately six 

years of age. Growth continues through puberty towards the medial portion of orbital roof and 

ceases at around 20 years of age, with stable shape and size.  

 

 

 

Frontal sinus shape is unique to each individual. Studies conducted by Tang et al 2009 examined 

the uniqueness of its shape & concluded that they are not alike. Studies including monozygotic 

twins have found that frontal sinus shape differs considerably. [22] 

Anatomy of Frontal Sinus -[23]. 

Situation- Frontal sinus is a triangular, pyramid- shaped cavity extending between the  ascending 

portion of frontal bone.  Consisting of bilateral sinuses separated by a bony septum.  
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Frontal sinus shape is unique to each individual. Studies conducted by Tang et al 2009 

examined the uniqueness of its shape & concluded that they are not alike. Studies including 

monozygotic twins have found that frontal sinus shape differs considerably. [22] 

Anatomy of Frontal Sinus -[23]. 

Situation- Frontal sinus is a triangular, pyramid- shaped cavity extending between the  

ascending portion of frontal bone.  Consisting of bilateral sinuses separated by a bony 

septum.  

Size and Shape- the right and left sinuses are usually unequal in shape. The volume of sinus 

is approximately 6-7 ml; height- 3.2cm; breadth- 2.6 cm; depth- 1.8cm. 

Arterial Supply- supraorbital artery and anterior ethmoidal artery 

Venous Drainage- into supraorbital and superior ophthalmic veins 

Lymphatic Drainage- to submandibular nodes 

Nerve Supply- Supraorbital nerve 

Relations- infero- lateral- to the orbit; Inferiorly- to the nasal cavity; Laterally- frontal lobe 

of the orbit 

Opening- into middle meatus of nose at anterior end of the hiatus semilunar.  
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. Frontal sinus and its use in forensic –  

Uniqueness of anatomical structures and specific variations in the morphology of paranasal 

sinus provide the foundation stone for forensic identification of unknown deceased persons. 

Among the four paranasal sinuses, namely, maxillary, frontal, ethmoidal, and sphenoidal, 

frontal sinus is of significant forensic interest, owing to its unique presentation in each 

individual. Frontal sinuses are highly variable in size, ranging from few cubic centimetres 

to almost the whole area of the frontal lobe, with an average height of 24.3 mm and extends 

to approximately 29mm from the midline to the lateral wall of the sinus. The significance of 

frontal sinus in personal identification is emphasized by anatomists, radiologists, as well as 

anthropologists who have stated that no two frontal sinuses are alike.  Studies have been 

done to utilize sinus radiography for the identification of remains as well as determination 

of sex and race. [24] 

The application of radiology in forensics was firstly introduced in 1896, following the 

discovery of X-rays by Roentgen. Schuller was the firstly reported the use of radiographs 

for the purpose of identification in 1921. Juan Rogelio et al. stated that the identification by 

comparing frontal sinus radiographs was first suggested by Schuller in 1943. In 1925, 

Culbert and Law performed the first case of identification using the frontal sinus, published 

in 1927.[25] 

Frontal sinus morphometric classifications used for forensic application given by Yoshino 

et al., &Taniguchi et al., is based on frontal sinus pattern such as symmetry of sides, aplasia, 

right or left dominance which is in combination with number of lobulations. 

Yoshino’s frontal sinus pattern is as follows 1. Frontal sinus size 2. Bilateral asymmetry 3. 

Superiority of size 4. Outline of upper border 5. Partial septa 6. Supraorbital cells.  

Taniguchi et al., established frontal sinus pattern based on symmetry aplasia, right or left 

dominant asymmetry in combination with number of lobulation. [7] 

The uniqueness of the anatomy of the sinus acts as a helpful aid in forensic dentistry. These 

sinuses are considered similar to fingerprints, concerning the fact that each frontal sinus is 

distinctive and unique. Various studies reported successful use of frontal sinuses in personal 

identification; Cameriere et al., Kirk et al., Christensen et al., reported 100 % accuracy. 

Kirk et al., reported that age, gender and cause of death did not affect the ability to obtain 

a match between anti mortem and post mortem reports.  

Various factors leading frontal sinus a reliable indicator for personal identification: 
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• It is a highly variable anatomical structure, even the frontal sinuses of monozygotic twins 

show considerable difference  

• It is considered to be relatively stable during the adult life until old age, while 

pneumatisation might occur owing to atrophic changes [24] 

• The anatomic location of the sinus ensures that the region remains intact even when 

subjected to abuse or trauma. The thick bone of the anterior wall of the sinus and its curved 

convexity forms a barrier to resist fracture thus providing great resiliency. It has been found 

that a force of 800–1600-foot pounds is required to fracture the anterior wall. That is twice 

as much required to fracture the para symphyseal area of the mandible and 50% more than 

that required to fracture the malar eminence of zygoma. It has become common practice to 

take paranasal sinus radiographs for diagnostic purposes and hence can be easily available 

for comparative radiography. [25] 

Belaldavar et al. 2014 [26] conducted a study on 300 patients which included 147 males and 

142 females undergoing postero anterior views. The mean values of the  height, width and 

area are greater in males and the right frontal sinus is larger than the left sinus in both the 

genders. The analysis gives an average concordance index for sex determination of 64.6%. 

The study concluded that the frontal sinus shows an accuracy in determining sex, but high 

precision in human identification.  

Gopal KS, et al., 2016 [27] used CBCT images to establish pattern of frontal sinus and nasal 

septum and reported its possible application for personal identification. Frontal sinus 

symmetry was observed in 43.7 % individuals and asymmetry in 48.75 %. Bilateral aplasia 

in 5% and unilateral aplasia was seen in 2.5 %. Straight nasal septum was seen in 33.75%, 

right deviation in 30%, and left deviation in 22.5% individuals.  

. 

  

 

AGE RELATED CHANGES IN FRONTAL SINUS RADIOGRAPHICALLY-  

The frontal sinus is absent at birth. The sinuses begins forming at two years of age; but are 

they  are not visible radiographically until approximately six years of age (da Silva et al., 

2009; Verma et al., 2015). Growth continues through puberty and ceases at about 20 years 

of age, with stable shape and size. [28] 
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Frontal sinus development and growth is associated with specific age related stages of skull 

growth. Radiographic development of frontal sinus 

  

Individuals in the first stage of frontal sinus development shows also two small, kidney bean shaped 

areas of radiolucency on the medial portion of the superior border of the orbits near the anatomical 

landmark glabella. 

  

Individuals between the ages of eight and ten years old were in the initial stage of frontal sinus 

expansion. In these individuals, the two areas of radiolucency had expanded medially and laterally, but 

were still in the glabella region of the frontal bone 

 

PHOTOGRAPH 3- Radiograph 

depicting an individual with 

frontal sinuses that are absent 

(birth to 5 years). 

PHOTOGRAPH 4-Radiograph of an individual 

during the initial stage of frontal sinus development (age 6–7). 
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Individuals between the ages of eight and ten years old were in the initial stage of frontal sinus 

expansion. In these individuals, the two areas of radiolucency had expanded medially and laterally, but 

were still in the glabella region of the frontal bone 

  

The final stage of development includes individuals from 11 to 18 years of age. The sinus is larger 

and more cavernous and expanded laterally and superiorly on the frontal bone [22] 

ORBITAL APERTURE 

In forensic anthropology, the personal identification of human skeletal is crucial in mass disasters and 

accidents. The skull is second most unique, versatile, and dimorphic anatomical structure with 92%. 

Various anatomic structures as orbital aperture, Sella turcica, frontal sinus, nasal septum can be used 

as adjuvant tool for personal identification. The variation in orbit and the orbital aperture plays an 

important role in identifying the dead or decomposed human remains. .[29]  

 

DEVELOPMENT OF ORBIT-  

PHOTOGRAPH 5-Radiograph depicting an individual 

during the initial stage of frontal sinus expansion (age 8–10) 

 

 

PHOTOGRAPH 6-Radiograph of an individual  

with a fully formed frontal sinus (age 11–18). 
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The bones of the orbit develop through both endochondral and intramembranous ossification. The 

sphenoid and ethmoid bones form mostly via endochondral ossification while the frontal bone is 

formed by intramembranous ossification.[30] Development of orbit takes place in a chronological 

fashion separating the prenatal period into an embryonic period, expanding from the first 8 weeks 

postfertilization, and the fetal period, which extends the rest from postfertilization week 9 until birth. 

Intense organogenetic activity characterizes the embryonic period, whereas the fetal period is 

hallmarked by less intense changes.[31] 

Tomasik et al., 2005 conducted a study to describe the development of human and eyeball and orbit 

during fetal life. The study included 36 fetuses (18 eyes and 18 orbits) with gestational age ranging 

from 17 to 28 weeks. The axial length and equilateral diameters of the eyeball as well the depth and 

well the depth and width of the orbits increases with age. It was uncertain that the growth of the eye 

during fetal life is correlated with growth of the orbit. [32] 

 

 

ANATOMY –  

The orbit forms a bony pyramid with four walls:  roof, lateral wall, floor, and medial wall. The base 

of the pyramid forms the orbital entrance, which is rectangular.[33] Seven bones forming the orbit are 

frontal, ethmoid, lacrimal, sphenoid, zygomatic, palatine, and maxilla. These bones are arranged in 

pairs, with the three walls with the exception of the medial wall.[34] 

 

 

 

 

PHOTOGRAPH 7- Walls of the Orbit 
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The orbit measures 4 cm wide and 3.5 cm high and is rotated laterally. The orbits expand to a 

maximum dimension 1 cm behind the rim. The apex of the orbital pyramid is situated 44–50 mm 

posteriorly and contains neurovascular structures. The medial walls are parallel. Each lateral 

wall is rotated at  451 angle. The orbital volume is roughly 30 ml. There is some variation with 

sex and race. [31] 

Atrial Supply- The ophthalmic artery serves as the main arterial supply of the orbit along with 

the maxillary and middle meningeal arteries, which are branches of the external carotid artery.  

Venous Drainage- 1. Superior ophthalmic vein: accompanies the ophthalmic artery. Lies 

above the optic nerve and communicates anteriorly with the supraorbital and angular veins.  

2. inferior ophthalmic vein: runs below the optic nerve and communicates with pterygoid 

plexus of veins.  

Lymphatics- drain into the preauricular parotid lymph nodes. [23] 

Nerves of the Orbit- The optic nerve (CN II) is the main nerve and it travels from the retina, 

which is the inside of the orbit, through the optic foramen.  

The ophthalmic nerve (first division of the trigeminal nerve (CN V) which is responsible for 

conveying sensory information from the orbit, upper eyelid, lacrimal gland, conjunctiva, nasal 

mucosa, frontal sinus, external nose, and scalp. The ophthalmic nerve passes through the superior 

orbital fissure and divides into specialized nerves. 

Muscles 

Seven extraocular muscles are associated with  the orbit. All but the inferior oblique 

muscle originates at the orbital apex. All of the rectus muscle originates at the annulus of Zinn. 

The superior oblique originates medial to optic foramen. All of the extraocular muscles insert on 

the globe except the levator palpebrae superioris (responsible primarily for eyelid elevation). [30] 

Orbital aperture and its use in forensic-   

The orbital aperture is the entrance to the orbit in which most important visual structures such as 

the eyeball and the optic nerve are found. It is used for evaluation and recognition of the face. 

The orbital aperture is the opening of the orbit as well as plays an important role in the evaluation 

and recognition of the face. The dimensions of the orbital aperture may be useful for the 

reconstruction of the orbit in the treatment of the aforementioned conditions in different ethnical 

groups [35] 
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Orbital aperture is determined by the shape of the face and varies with race, regions within the 

same race and periods in evolution. Different studies have shown some level of racial and ethnic 

variation in orbital aperture of various population groups.  

Facial aging involves the aging of soft tissue and bony structures.  The aging process affects the 

facial bones. In regards to aging of the bony orbit, male skulls are found to show enlargement in 

the bony orbit with changes with increasing age. The volume of the orbit was shown to increase 

with age  

Kahn et al., 2008 conducted a study on 60 subjects (30 males, 30 females) to demonstrate 

changes in the bony aspect of orbit in both male and female subjects using computed tomography 

(CT) scans. The study resulted that the orbital aperture width and area in both subjects of the 

orbit changes with age leading to the appearance of eye and orbit.[36]  

Rossi et al., 2012 evaluated the dimensions of orbital aperture in 97 Brazilian subjects by 

posteroanterior radiographs techniques to verify its relationship with gender and concluded that 

the gender difference was highly significant and that orbital aperture width, area, and inter-orbital 

distance were larger in males than in females.[37]  

AGE RELATED CHANGES IN ORBITAL APERTURE RADIOGRAPHICALLY- 

The aging process affects the facial bones. Studies have shown that the bony mid face undergoes 

a process of bony resorption and volume loss with increasing age.  

The orbital aperture increases with age. Resorption is, however, uneven and site specific. The 

superomedial and inferolateral aspects of the orbital rim recedes the most. . In contrast, the 

central part of the superior and inferior orbital rims is more stable, with little if any resorption 

occurring with age. [38] 

Pessa et al., found no significant changes in the orbital angle (superior-to-inferior midorbital rim 

points on the lateral view) with aging, indicating orbital rims do not recede with increasing age.  

Mendelson et al. 2007 conducted a study on Facial CT scans for 62 patients in Australian 

population ranging in age from 21 to 70 years. Length of the orbital roof and floor (at the midaxis 

of each orbit) were measured and found no significant changes in these distances with aging, 

indicating that the central portion of the superior and inferior orbital rims do not recede with 

aging.[39] 
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Weaver et al., 2015 [40] conducted a study on 39 head CT images three dimensionally and to 

measure ocular and orbital parameters to measure eye and orbit. The study resulted that the orbit 

widened with age, and varied significantly between the genders. 

POSTERO-ANTERIOR CEPHALOGRAMS 

Radiographs play an important part in forensic odontology, mainly to establish identification. A 

precise form of comparison between antemortem and postmortem radiograph can be made. 

Comparable radiographs are an essential for forensic dentistry.[41] 

 Metric analysis on the radiographs of value due to presence of objectivity, accuracy and 

reproducibility. Radiographic techniques are used to determine the dimensions of different 

structures.[42] Plain radiographs are routinely used for diagnosis in dentistry. They help in 

assessment of anatomical structures and their variations, and the detection of abnormalities in 

the region assessed.[43] 

Since the introduction of conventional PA Cephalograms in the 1930s, it has been used for the 

study facial asymmetry. The PA cephalograms provides valuable information which is not only 

useful for facial asymmetry but also for evaluation of craniofacial skeleton and dentoalveolar 

structures. Thus, PA cephalometric projections constitute an important adjunct for qualitative 

and quantitative evaluation of dentofacial region. PA Cephalogram can be used to compare right 

and left structures since they are located at relatively equal distances from film and x ray source. 

Due to which, the effects of unequal enlargement by diverging rays are minimised and distortion 

is reduced. This allows for valid comparison between two sides of the skull to evaluate 

asymmetry.[44]   

Main indications of posteroanterior view :- [45] 

• Fractures of the skull vault 

• Investigation of the frontal sinuses 

• Conditions affecting the cranium, particularly: 

— Paget's disease 

— multiple myeloma 

— hyperparathyroidism 

• Intracranial calcification. 
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Image Receptor and Patient Placement-[46] 

 The image receptor is placed in front of the patient which is perpendicular to the midsagittal 

plane and parallel to the coronal plane. The patient is positioned such as canthomeatal line forms 

a 10-degree angle with the horizontal plane and Frankfort plane forms a 90-degree angle to the 

image receptor. In the posteroanterior (PA) skull projection, the canthomeatal line forms a 90 

degree to the image receptor.  

Position of the Central X-Ray Beam – 

Central beam forms a 90-degree angle to the image receptor which is directed from the posterior 

to the anterior and is centered at the level of the bridge of the nose.  

 

 

 

 

Resultant Image- 

 The midsagittal plane divides the skull image into two symmetric halves. The superior border 

of the petrous ridge should lie in the lower third of the orbit.  

 

 

 

Patient placement  Canthomeatal line at 10 degree with the film  

Central Beam Beam perpendicular with film  

Diagram of Patient Placement  
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Illustration of Patient Placement  

 

Skull View  

 

Resultant Image  

 

 

 

 

Different studies conducted on human dry skulls in order to identify the potential projection 

errors of lateral, postero-anterior (PA) and submentovertex (SMV) cephalometric radiographs 

due to head rotation in the vertical z-axis from 0 to ±14 degrees at 2degree intervals. The study 

concluded that SMV radiographs are less vulnerable to head rotation. [47] 

 Studies conducted to assess the accuracy of transverse measurements on CBCT and 

conventional posteroanterior (PA) cephalograms. The study concluded that CBCT was more 

accurate than the conventional PA cephalogram and. Changes in head position may affect the 

transverse measurements and thus the treatment plan.[48] 

PHOTOGRAPH 8- PATIENT 

POSITIONING AND RESULTANT 

IMAGE 
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DIGITAL IMAGING TECHNOLOGY: 

There are different generations of software that can be used for tracing both through the use of 

digitizers and directly on screen- displayed digital images. First-generation computer-based 

analysis systems used digitizer pads for tracing conventional cephalometric films; second-

generation systems use scanners or digital cameras to export cephalometric images to 

measurement programs & third-generation systems transmits digital radiographs directly to a 

computer database through the use of photostimulable phosphor plates, charge-coupled device 

receptors, or direct digital systems. There are several advantages, as image acquisition, reduction 

of radiation dose, image enhancement, elimination of technique-sensitive developing processes, 

and  image sharing.[48] 

TRACING TECHNIQUE: 

Traditionally, cephalometric analysis has been performed manually by tracing radiographic 

landmarks on acetate overlays and measuring linear and angular variables. Despite its 

widespread use, the technique is time-consuming and has several drawbacks, including a high 

risk of error during hand tracing, landmark identification, and measurement.[49] 

The use of computers reduces the errors and provide standardized, fast, and effective evaluation 

along with high rate of reproducibility. [50] 

The posteroanterior (PA) cephalogram is useful in evaluating the craniofacial structure in both 

transverse and vertical dimension. In computerized cephalometric analysis, accurate distances of 

structures can be measured. [49] 

Comparision between digital and tracing technique  

Paixão et al.,2010 conducted a study on 50 lateral cephalometric radiographs to compare angular 

and linear cephalometric measurements obtained through manual and digital cephalometric 

tracings using Dolphin Imaging® 11.0 software. The study concluded that conventional and 

computerized methods showed consistency in all angular and linear measurements. The 

computer program Dolphin Imaging® 11.0 can be used reliably as an aid in diagnosing, planning, 

monitoring and evaluating orthodontic treatment both in clinical and research settings.[50] 

Mahto RK et al., 2016 conducted a study on 50 pretreatment lateral cephalgrams to show 

comparison of cephalometric measurements obtained from two computerized cephalmetric 

software’s i.e., Dolphin and AutoCEPH with manual tracing. Intraclass correlation coefficient 

(ICC) was used to determine measurements and agreements between linear and angular 

measurements obtained from all parameters while comparing three methods, i.e., manual tracing 
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versus AutoCEPH, manual tracing versus Dolphin and AutoCEPH versus Dolphin. The study 

concluded that a high level of agreement for cephalometric measurements was obtained from 

both the computerized software Dolphin and AutoCEPH in comparison with manual tracing.[51] 

Pradip et al., 2018 conducted a study on 60 pre-treatment (PA) cephalograms to evaluate the 

reliability and accuracy of linear and angular cephalometric measurements obtained from two 

computerized cephalometric analysis software programs, namely AutoCEPH© and Dolphin® as 

compared to manual tracings in posteroanterior (PA) cephalometry. Intraclass correlation 

coefficient (ICC) was used to determine measurements and agreement between linear and 

angular measurements obtained from the three methods. The study concluded a high level of 

agreement (ICC >0.8) for cephalometric measurements was obtained from both the 

computerized softwares Dolphin® and AutoCEPH© in comparison with manual tracings.[49] 

 

 

CLINICAL STUDIES – 

Kahn M. D. et al (2008) [44] conducted a study to demonstrate changes in bony aspects of the 

orbit with age and changes in facial cosmetic. Computed tomography (CT) scans were conducted 

on 60 subjects (30 male and 30 female); age range from 25 to > 65 years. Orbital aperture width 

and area was measured on 3-D model. Orbital aperture width and area showed increase with 

increasing age in both genders. The superior orbital rim receded medially with age and inferior 

orbital rim recedes laterally in female population, while male subjects had a recession of the 

entire inferior orbital rim.  

Rubira-Bullen IR et al (2010) [42] conducted a study on 145 in Brazilian population  

posteroanterior facial radiographs (Caldwell projection) to determine the width and height 

distances of the frontal sinus. In the study 116 (80%) were males and 29 (20%) females. The age 

distribution was as follows: 17 subjects from 14 to 20 years; 35 subjects from 21 to 30 years; 49 

subjects from 31 to 40 years; 22 subjects from 41 to 50 years; and 17 subjects 51 years and older. 

The height and width of the frontal sinus were measured using rules and a viewer box. The 

relationship between frontal sinus size and side of the face, and size and age were evaluated. The 

study concluded that 31 (21.4%) cases had a larger right side; 57 (39.3%) had a larger left side 

and 57 (39.3%) showed almost the same size for both cavities. There was a significant correlation 

between width and height of frontal sinus but there was no significant difference among the age 

groups studied (Kruskal-Wallis, p > 0,05) regarding the height and width of the frontal sinus. 
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Tiwari P. et al (2016) [52] conducted a study at Department of Oral Medicine and Radiology, 

Rishiraj College of Dental Science and Research Centre, Bhopal to assess the role of frontal sinus 

in personal identification by co-relating with gender and age. Postero-anterior cephalograms of 

the subjects were taken. 160 individuals i.e. 80 males and 80 females, individuals were in age 

group of 15-55 years. The study concluded that total frontal sinus height, width and area were 

compared which showed greater in males than female. There was a significant difference 

between different age groups for left frontal sinus height.  

Soman A. B. et al (2016) [7] conducted a study on 200 subjects (100 males and 100 females) 

Davangere, Karnataka to analyse morphology of frontal sinus in relation to age and gender using 

posteroanterior (PA) cephalogram radiographs age ranging from 14- 45 years. The right and left 

length was greater in males and females and left width increases with age in females and males. 

The average frontal sinus area was found to be larger in males than females. The mean values 

for length, width, and area of the frontal sinus were greater in males than females. 

Ghorai L.et al (2017) [2] conducted a retrospective study to evaluate the orbital aperture 

dimensions in Indian individuals and verify their relationship with gender. Digital 

posteroanterior radiographs of 50 males and 51 females were taken, in the age group between 20 

and 50 years. The width and height of the orbits and the inter-orbital distance were measured. 

The orbital width (left and right) and inter-orbital distance were greater in males compared with 

females and were statistically significant.  

Botwe O. B. et al (2017) [13] conducted a retrospective cross-sectional study to determine the 

orbital index of adult Ghanaians using 350 adult Ghanaian head computed tomography images. 

The study consisted of 167 (47.71%) female and 183 (52.29%) male. The age range was 18–93 

years. The orbital width (OW) and orbital height (OH) were recorded. The range of OH was 

more in males than in females. The general range of OW was similar in both the genders. 

Gadekar et al., 2019 [54] conducted a study on 400 individuals in Indian population at Maratha 

Mandal's NGH Institute of Dental Sciences and Research Centre, Belgaum, Karnataka, India 

with ages 21–30 years were included. The digitized posteroanterior skull radiographs were 

obtained. The study showed the presence of bilateral frontal sinus in 87.7% and bilateral absence 

in 8.0% of the individuals and the absence of left and right frontal sinus in 3.3% and 1%, 

respectively. The present study concluded that the frontal sinus is asymmetrical and unique and 

can be used in personal identification. 

Kanjani et al (2019) [55] conducted a study to determine the orbital aperture dimensions on 

posteroanterior (PA) cephalograms in North Indian population for personal and gender 
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identification on 250 males and 250 females. In this study height and width of the orbits with the 

interorbital distance were measured and resulted that the orbital height, orbital width, and 

interorbital distance were significantly greater in males than females.  

Mahalakshmi M et al., (2019) [56] conducted a study on 100 retrospective postero-anterior 

radiographs were selected in the age range of 18 to 50 years. The width and height of orbit and 

inter-orbital distance of the orbits were measured. Mean orbital width in males was 4.91 and 

females was 4.97. The observed mean difference was statistically significant (P-0.005). Mean 

orbital height in males was 4.96 and females was 4.86. The observed mean difference was 

statistically significant (P-0.001) The mean inter-orbital distance in males was 3.37 and females 

was 3.00.  
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MATERIAL AND METHODS 

This study was conducted in Department of Oral Medicine and Radiology of Babu Banarasi Das 

College of Dental Sciences, Lucknow (U.P.). Ethical clearance for the study was obtained from 

the institutional ethical committee. (IEC code- 11) (BBDCODS/01/2019) in accordance with the 

declaration of Helsinki for research involving human subjects   

The study population was drawn from the patients attending the outpatient Department of Oral 

Medicine & Radiology.  For the study purpose 200 subjects were examined randomly, aged 

between 15-70 years, and divided into 2 groups. Group A consist of 100 males and Group B 

consist of 100 females. Two hundred postero-anterior cephalometric radiographs of the subjects 

were studied and send for statistical analysis.  

ARMAMENTARIUM for examination of patients  

1. Dental chair with illuminating facility 

2. A pair of sterile disposable gloves and mouth masks 

3. Stainless steel kidney tray, mouth mirror, straight probe, tweezers and explorer 

Inclusion criteria  

1. Subjects who are well oriented to time, place and person 

2. Subjects of either sex aged between 15 – 70 yrs. 

3. Subjects with no visible features of asymmetrical skull 

 Exclusion Criteria  

1. Subjects who are uncooperative, unstable or unable to undergo cephalography procedure 

and subjects who are not willing to give their consent 

2. Subjects with any history of trauma or surgery of skull 

3. Subjects with any ailment of paranasal sinuses 

4. Subjects with any other systemic or congenital disorder 

5. Radiographs with artifacts, improper orientation and poor quality 

SAMPLING METHOD  

1. The study group consisted of 200 individuals within the age group of 15-70 years having 

100 male and 100 female patients were included through random sampling method  
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2. The subjects were selected according to the inclusion and exclusion criterion 

3. A detailed case history was recorded in a case history proforma  

4. Following the examination of patient, each patient was informed about the procedures 

and was given appropriate instructions after a written consent was taken from patients.  

 

 

MATERIALS AND EQUIPMENTS Used in the study with specifications and Company  

Materials  

• Digital panoramic machine [Planmeca Proline XC, SN: XC430638, 180-240V, 50 Hz] 

with AERB (Atomic Energy Radiation Board) certified quality assurance facility  

• Planmeca Romexis 2.9.2.R software with computer  

Methodology:   

In the present study, all the subjects fulfilling the above criterion were enrolled after obtaining 

informed consent. 

All the enrolled patients within age group of 15 – 70 years with equal gender distribution were 

included 

• Postero-anterior cephalograms of all the subjects involved in the study were taken and all 

the standard protocol for radiation protection were followed     

• The image receptor is placed in front of the patient which is perpendicular to the midsagittal 

plane and parallel to the coronal plane.  

• The patient is positioned such as canthomeatal line forms a 10-degree angle with the horizontal 

plane and Frankfort plane forms a 90-degree angle to the image receptor. 

• In the posteroanterior (PA) skull projection, the canthomeatal line forms a 90 degree to the 

image receptor. the image receptor is positioned in front of the subjects included perpendicular 

to the mid sagittal plane and parallel to the coronal plane.  

• Central beam forms a 90-degree angle to the image receptor which is directed from the posterior 

to the anterior and is centered at the level of the bridge of the nose.  

• The midsagittal plane divides the skull image into two symmetric halves. The superior border 

of the petrous ridge should lie in the lower third of the orbit.   
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• All the postero-anterior cephalograms were taken with the following exposure parameters 68 

kVp,5 mA and 17 sec 

Procedure for measuring frontal sinus and orbital aperture 

• The maximum length and width of the right and left frontal sinus were measured and the 

right and left areas were obtained  

• The maximum length and width of the right and left orbits and the inter-orbital distance 

were measured  

• All the relevant data were entered in the proforma. It was then sorted, tabulated and  

statistically analysed to draw conclusion  

 

 

 

 
PHOTOGRAPH 9- Armamentarium  
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PHOTOGRAPH 10- Patient along with the postero- anterior cephalometric machine   

PHOTOGRAPH 11: Romex Software used for taking Postero-anterior Cephlaometric 

Radiograph 
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PHOTOGRAPH 12: Postero-anterior Cephalogram with the measurements of both right and left 

frontal sinus (length and width); both right and left orbital aperture (length and width); interorbital 

distance 
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PHOTOGRAPH 13: measurement of frontal sinus (length and width)  

 

PHOTOGRAPH 14: measurement of orbital aperture (length and width) 
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PHOTOGRAPH 15: measurement of interorbital distance 
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OSERVATIONS AND RESULTS 

 

The present study was conducted in the Department of Oral Medicine and Radiology of Babu Banarasi 

Das College of Dental Sciences, Lucknow (UP) with the aim to determine gender and age estimation on 

the basis of frontal sinus and orbital aperture using digital postero-anterio cephalometric skull view. 

A total of 200 subjects were included in the study with 100 males and 100 females with age range 15-70 

and above years. 

Table 1: Age and Gender distribution of the subjects 

             Age and Gender  No. of subjects 

(n=200) (%) 

Age (yrs): 

   15-25 

   26-35 

   36-45 

   46-55 

   >55 

 

41 (20.5) 

40 (20.0) 

43 (21.5) 

50 (25.0) 

26 (13.0) 

Gender: 

   Female 

   Male 

 

100 (50.0) 

100 (50.0) 
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Graph 1: Distribution of subjects According to age                      

                        

  

Graph 2: Distribution of subjects according to gender  

The observation showed distribution of subjects according to age with 15-25 years were 41 (20.5%) 26-

35 years  were 40 (20.0%), 36-45 years were 43 (21.5%), 46-55 years were 50 (25.0%) and>55 years 

were 26 (13.0%) (Table 1 and Graph 1); distribution of subjects according to gender with 100 (50.0%) 

females and 100 (50.0%) males (Table 1 and Graph 2).  
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Table 2: Comparison of frontal sinus among different age groups 

 

The observation shows distribution of the mean frontal sinus among different age groups (15- > 55 years).   Right 

length  with a mean value 3.16, right and left width with mean value 6.44 and 8.23 respectively, right and left area 

with a mean value 4.52 and 3.97 respectively which were significant (P < 0.05 or P < 0.01 or P < 0.001) and left 

length  (P > 0.05) with mean value 0.78 was found to be not significant (Table 2) 
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Table 3- Comparison and measurement of difference in mean frontal sinus between different age groups 
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Graph 3a- Comparison of difference in mean right frontal sinus length  among different age 

groups 

 

 

 

 

 

Graph 3b- Comparison of difference in mean right frontal sinus width among different age groups 
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graph 3c- Comparison of difference in mean right frontal sinus area among different age groups 

 

 

 

Graph 3 d- Comparison of difference in mean left frontal sinus length among different age 

groups. 
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Graph 3 e- Comparison of difference in mean left frontal sinus width among different age groups. 

 

 

 

Graph 3 f - Comparison of difference in mean left frontal sinus area among different age groups. 
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The above observation in Table 3 shows the comparison of difference in mean frontal sinus 

between different age groups (15- > 55 years). The result shows decrease in the right length ( graph 

3 a) with mean difference 3.40 mm which was significant (P <0.05) in age group > 55years as 

compared to 15- 55 years; there was decrease in right width (graph 3 b) with mean difference 6.85 

mm which was significant ( p<0.01) in age group > 55 years as compared to 15- 55 years; a decrease 

was seen in frontal sinus right area ( graph 3 c) with mean difference 136.40 mm in age group > 

55 years as compared to 15- 55 years which was significant ( p <0 .001). Frontal sinus left width 

(graph 3 e) and left area (graph 3 f) also showed decrease in age group > 55 years as compared to 

15- 55 years with mean differences of 8.25 and 141.75 mm respectively which was significant 

(p<0.001 and p<0.01). Frontal sinus left length  (graph 3 d) showed no significant changes in age 

group (p >0.05) with mean difference 0.83 mm  

The mean frontal sinus varied with age. On an average it decreases with age 

 

 

Table 4- Comparison of orbital aperture and inter orbital distance among different age groups 

 

 

 

The above observation shows distribution of mean orbital aperture and interorbital distance among 

different age groups, right length with mean value 0.77 mm and width with mean value 0.91 mm, left 

length with mean value 0.98 mm and width with mean value 0.55 mm and interorbital distance  with 

mean value 1.82 mm was not significant (P > 0.05) among the groups (Table 4). 
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Table 5- Comparison and measurement of difference in mean orbital aperture and inter orbital 

distance between different age groups 
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Graph 5 a . Comparison of difference in mean right orbital aperture length  among different age groups 

 

Graph 5b . Comparison of difference in mean right orbital aperture width among different age groups. 
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Graph 5 c. Comparison of difference in mean left orbital aperture length among different age 

groups. 

 

 

Graph 5d . Comparison of difference in mean left orbital aperture width among different age groups. 
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Graph 5 e . Comparison of difference in mean interorbital distance among different age 

groups. 

  

 

The above observation in table 5 shows the comparison of the difference in mean orbital aperture and 

interorbital distance between the different age groups (i.e. inter groups), the right orbital aperture 

length  (graph 5 a)  in age group of 15- 55 years as compared to > 55 years with mean difference 

0.53 mm showed no significant changes ( p > 0.05); right orbital aperture width ( graph 5 b) in age 

group of 15- 55 years as compared to > 55 years with mean difference 0.04 mm showed no 

significant changes (p>0.05) ; left orbital aperture length  (graph 5 c) with mean difference 0.91 

mm showed no significant changes ( p. 0.05); left orbital aperture width ( graph 5 d) in the age 

group 15- 55 years as compared to > 55 years also showed no significant changes ( p> 0.05); inter- 

orbital distance ( graph 5 e) in age group of 15- 55 years as compared to > 55 years showed no 

significant changes (p>0.05)     

 

The mean orbital aperture and inter orbital distance did not vary with age. On an average it 

remains similar among the age. 
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Table 6: Comparison of frontal sinus between both genders 

  

Frontal sinus Female 

(n=100) 

Male 

(n=100) 

Mean  

diff 

t 

value 

P  

value 

Right length (mm) 11.96 ± 3.65 12.47 ± 4.57 0.51 0.87 0.385 

Right width (mm) 16.03 ± 6.24 21.18 ± 6.67 5.15 5.64 <0.001 

Right area (mm2) 201.39 ± 125.90 275.67 ± 161.18 74.28 3.63 <0.001 

Left length  (mm) 13.00 ± 4.26 15.05 ± 5.65 2.05 2.90 0.004 

Left width (mm) 17.67 ± 6.39 23.53 ± 8.27 5.86 5.61 <0.001 

Left area (mm2) 239.86 ± 136.82 360.16 ± 208.69 120.30 4.82 <0.001 

 

 

 

 

 

Graph 6 a . Comparison of difference in mean right frontal sinus length between both genders 
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Graph 6b . Comparison of difference in mean right frontal sinus width between two gender groups. 

 

Graph 6 c. Comparison of difference in mean right area of frontal sinus between two gender groups. 
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Graph 6 d. Comparison of difference in mean frontal sinus left length between two gender groups. 

 

 

Graph 6 e. Comparison of difference in mean frontal sinus left width between two gender groups. 
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Graph 6 f . Comparison of difference in mean left area of frontal sinus between two gender groups. 

The above observation in table 6 shows the Comparison of difference in mean frontal sinus between both 

genders. Right width (graph 6 b) in males with mean deviation 21.18 ± 6.67 was higher than in females 

with mean deviation 16.03 ± 6.24 was found significant (p < 0.001). Right area (graph 6 c) in males with 

mean deviation 275.67 ± 161.18 was higher than in females with mean deviation 201.39 ± 125.90 was 

found to be significant (p <0.001). left length (graph 6 d) in males with mean deviation 15.05 ± 5.65 was 

found to be higher than females with mean deviation 13.00 ± 4.26 was found to be significant (p <0.01). 

left width (graph 6 e) in males with mean deviation 23.53 ± 8.27 was found to be higher than females with 

mean deviation 17.67 ± 6.39 was found to be significant (p <0.001). left area (graph 6 f) in males with 

mean deviation 360.16 ± 208.69 was found to be higher than females with mean deviation 239.86 ± 136.82 

was found to be significant (p <0.001).   The mean frontal sinus right length(graph 6 a) was found to be 

not significant (P > 0.05) , it was similar in both genders. 

 

The mean frontal sinus area varied with gender. The mean frontal sinus area was comparatively 

higher in males as compared to females.   
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Table 7: Distribution and comparison of orbital aperture and inter orbital distance between both 

genders  

 

 

 

 

 

 

 

Graph 7 a . Comparison of difference in mean right orbital aperture length between two gender 

groups 

Orbital aperture Female 

(n=100) 

Male 

(n=100) 

Mean  

diff 

t 

value 

P  

Value 

Right length (mm) 30.86 ± 3.34 33.74 ± 2.49 2.88 6.91 <0.001 

Right width (mm) 32.62 ± 2.18 33.99 ± 2.24 1.37 4.37 <0.001 

Left length (mm) 30.51 ± 3.35 32.40 ± 3.23 1.88 4.05 <0.001 

Left width (mm) 32.10 ± 2.43 33.66 ± 2.34 1.56 4.63 <0.001 

Interorbital distance (mm) 24.85 ± 2.80 24.82 ± 2.60 0.03 0.09 0.927 
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Graph 7 b. Comparison of difference in mean right orbital aperture width between two gender 

groups. 

 

 

 

 

 

 

Graph 7c . Comparison of difference in mean left orbital aperture length between two gender 

groups. 
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Graph 7 d . Comparison of difference in mean left orbital aperture width between two gender groups 

 

 

 

 

 

 

Graph 7 e . Comparison of difference in mean orbital aperture interorbital distance between two 

gender groups. 



67 

 

The observation in table 7 shows comparison of the difference in mean orbital aperture between both 

genders. Right length (Graph 7 a) in males with mean deviation 33.74 ± 2.49 was higher than females 

with mean deviation 30.86 ± 3.34 was found significant (p<.001). right width (graph 7 b) in males with 

mean deviation 33.99 ± 2.24 was higher than females with mean deviation 32.62 ± 2.18 was found 

significant (p<.001). left length (graph 7 c)   in males with mean deviation 32.40 ± 3.23 was higher than 

females with mean deviation 30.51 ± 3.35 was found significant (p<.001). left width (graph 7 d) in males 

with mean deviation 33.66 ± 2.34 was higher than females with mean deviation 32.10 ± 2.43 was found 

significant (p<.001).   The mean interorbital distance ( graph 7 e) did not differ (P > 0.05) between the 

two gender 

The mean width orbital aperture varied with gender and it was also comparatively higher in males 

as compared to females except interorbital distance.   
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Graph 8 . Correlation between frontal sinus right length and orbital aperture right length 

Correlation between frontal sinus right length and orbital aperture right length. 

Between frontal sinus and orbital aperture, significant (P < 0.05 or P < 0.01 or P < 0.001) and positive 

correlation was found between frontal sinus and orbital aperture variables (except frontal sinus right height 

and orbital aperture right height, frontal sinus right height and orbital aperture right width, and frontal 

sinus right height and orbital aperture left height) with highest being between frontal right length and 

orbital aperture right length ( P < 0.001) (Graph 8).  

Frontal sinus variables showed high correlation with each other than orbital aperture variables. 

Further, interorbital distance did not (P > 0.05) correlate well with both frontal sinus and orbital 

aperture. 
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DISCUSSION 

Forensic dentistry a branch of dentistry dealing with the proper handling and examination of evidence 

and proper evaluation and presentation of dental findings 

The word Forensic is derived from the Latin word forensis: public; to the forum or public discussion; 

argumentative, belonging to debate or discussion [1] 

Dentomaxillofacial Radiography is quite common in dental clinics and hospitals and are utilized in 

identification. Metric analyses on the radiographs are of superior value due to their objectivity, accuracy, 

and reproducibility [2] 

The skeleton survives both natural and unnatural abuse or violence and is available for human 

identification due to the dimorphic characteristics of the human skeleton. After pelvis skull is the 

second‑best region for identification.  

Skull is sexually dimorphic so it is helpful in human identification with an accuracy of 92%.  Dentition, 

cranial suture patterns, vascular groove patterns, sella turcica area of sphenoid, frontal sinuses, mastoid 

pneumatic air cells and orbital apertures acts as an adjuvant for human identification. [57] 

Cephalometry is cost- effective and well-established method for examining patients with dentofacial 

deformities. Posteroanterior (PA) cephalometric projections are an important adjunct for qualitative and 

quantitative evaluation of the dentofacial region. This radiograph is a valuable tool for comparing right 

and left structures as they are located at relatively equal distances from the film and radiographic source. 

PA cephalogram provides useful information concerning overall morphology, shape and size of the 

skull, bone density, suture morphology and deviations. Further, it can contribute to the detection of 

pathology of the hard and soft tissues [4] 

The significance of frontal sinus in personal identification is emphasized by anatomists, radiologists, as 

well as anthropologists who have stated that no two frontal sinuses are alike.  Studies have been done to 

utilize sinus radiography for the identification of remains as well as determination of sex and race. [24] 

Frontal sinuses are pneumatic cavities which is radiologically evident at the age of five or six and is 

fully developed by the age of 20 years. Various studies have suggested that the frontal sinuses is greater 

in males than in females. Frontal sinuses are different in monozygotic and dizygotic twins and thus can 

be used for identification. Frontal sinus patterns have a potential aid for personal identification, age 

estimation and sexual dimorphism [12] 

Human skulls have been used to measure the morphological variations of orbital and orbital bone which 

is used in forensic medicine as a parameter for sexual and ethnic determination in human identification. 
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The orbital aperture morphometry is a valuable tool in gender determination as the orbit possesses 

resistance to damage and disintegration processes.[2] 

Only few researches have been done to assess the morphology of both frontal sinus and orbital aperture, 

hence the present study was conducted for age and gender determination through evaluation of 

morphology of frontal sinus and orbital aperture by using digital postero- anterior cephalograms.  

The present study was conducted on 200 subjects who visited the department of Oral Medicine and 

Radiology, Babu Banarasi Das College of Dental Sciences, Lucknow. The patients were divided into 

two groups, Group A and Group B. 

Group A- 100 males  

Group B- 100 females  

Both the groups were subjected for digital postero- anterior cephalometric radiographs and then 

measurement of frontal sinus and orbital aperture was done digitally.  

1. Age and Gender distribution of the subjects (Table 1) 

In the present study the subjects 100 males and 100 females were included with the age range of 15 – 70 

years.  

Study conducted by Tiwari et al (2016) [53] with 160 subjects (80 males and 80 females) with age range 

of 15- 55 years to determine the role of frontal sinus through the dimensions of frontal sinus by gender, 

side and age.  

Ghori et al (2017) [2] conducted study on 50 males and 51 females in the age group between 20 and 50 

years to evaluate the orbital aperture dimensions in individuals and verify their relationship with gender.  

Another study conducted by Shireen et al (2019) [59] with 400 subjects (200 males and 200 females), 

aged 14–70 years for morphometric evaluation of the frontal sinus by using digital posteroanterior skull 

radiograph in relation to age and gender and its role in forensic 

Studies conducted have shown frontal sinus develop fully by the age of 20 years and ceases after 20 

years and become stable .[58] 

 

2. Frontal Sinus comparison and measurements among different age (Table 2 and 3) 

The present study shows  that frontal sinus decrease in the right length ( graph 3 a) with mean difference 

3.40 mm which was significant (P <0.05) in age group > 55years as compared to 15- 55 years; there was 

decrease in right width (graph 3 b) with mean difference 6.85 mm which was significant ( p<0.01) in age 
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group > 55 years as compared to 15- 55 years; a decrease was seen in frontal sinus right area ( graph 3 c) 

with mean difference 136.40 mm in age group > 55 years as compared to 15- 55 years which was 

significant ( p <0 .001). Frontal sinus left width (graph 3 e) and left area (graph 3 f) also showed 

decrease in age group > 55 years as compared to 15- 55 years with mean differences of 8.25 and 141.75 

mm respectively which was significant (p<0.001 and p<0.01). Frontal sinus left length (graph 3 d) 

showed no significant changes in age group (p >0.05) with mean difference 0.83 mm. 

Similar study conducted by Tiwari et al (2016) [53] showed significant (p < 0.01) decrease the frontal 

sinus between 15-55 years for right height with mean difference 30.07 mm; right width with mean 

difference 28.93mm; right area with mean difference 911.25 mm and left height with mean difference 

31.92mm. But no significant (p > 0.05) difference between different age groups for left frontal sinus 

width with mean difference 32.11mm and area 970.56 mm which was not in concordance with the 

present study which showed no significant changes in left length in different age group (p >0.05) with 

mean difference 0.83 mm. 

The probable reason for the size of frontal sinus to decrease in size with increasing age is that the growth 

of frontal continues through puberty [60] and ceases at about 20 years of age, with stable  shape and size 

of the sinus.  [61] 

3. Orbital Aperture comparison and measurements among different age (Table 4 and 5). 

In the current study the right orbital aperture length  (graph 5 a)  in age group of 15- 55 years as 

compared to > 55 years with mean difference 0.53 mm showed no significant changes ( p > 0.05); right 

orbital aperture width ( graph 5 b) in age group of 15- 55 years as compared to > 55 years with mean 

difference 0.04 mm showed no significant changes (p>0.05) ; left orbital aperture length  (graph 5 c) 

with mean difference 0.91 mm showed no significant changes ( p. 0.05); left orbital aperture width ( 

graph 5 d) in the age group 15- 55 years as compared to > 55 years also showed no significant changes ( 

p> 0.05); inter- orbital distance ( graph 5 e) in age group of 15- 55 years as compared to > 55 years 

showed no significant changes (p>0.05)     

Study conducted by Chen et al. (2002) [62] showed dissimilar results. In their study 39 subjects were 

included to measure ocular and orbital parameter using head CT images. The study found the orbital 

width with standard deviation of 2.1 mm; orbital height with standard deviation of 2.3 mm which were 

significant (P < 0.05) or mildly significant (P < 0.10). the study concluded that the orbit widened and 

increased with increasing age. 

Study conducted by Mendelson et al. (2007) [39] showed results in accordance with the present study. In 

their study 62 patients ranging in age from 21 to 70 years were included and facial CT scans were taken. 

Orbital superior length with mean deviation 0.16mm and inferior length with mean deviation 0.14 mm 
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which was not significant were measured (p= 0.2) the study resulted in no significant changes in these 

distances with aging, indicating that the central portion of the superior and inferior orbital rims do not 

recede with aging. 

 In regards to aging of the bony orbit, there is enlargement in the bony orbit with changes to its 

curvilinear form with increasing age. The volume of the bony orbit has also been shown to increase with 

age and also the bone recedes with increasing age [36] 

4. Frontal sinus comparison and measurements among both the gender (Table 6) 

The present study shows that the right frontal sinus width (graph 6 b) in males with mean deviation 

21.18 ± 6.67 was higher than in females with mean deviation 16.03 ± 6.24 was found significant (p < 

0.001). Right area (graph 6 c) in males with mean deviation 275.67 ± 161.18 was higher than in females 

with mean deviation 201.39 ± 125.90 was found to be significant (p <0.001). left length (graph 6 d) in 

males with mean deviation 15.05 ± 5.65 was found to be higher than females with mean deviation 13.00 

± 4.26 was found to be significant (p <0.01). left width (graph 6 e) in males with mean deviation 23.53 ± 

8.27 was found to be higher than females with mean deviation 17.67 ± 6.39 was found to be significant 

(p <0.001). left area (graph 6 f) in males with mean deviation 360.16 ± 208.69 was found to be higher 

than females with mean deviation 239.86 ± 136.82 was found to be significant (p <0.001).   The mean 

frontal sinus right length (graph 6 a) was found to be not significant (P > 0.05), it was similar in both 

genders 

Study conducted by Belaldavar C et al., (2014) [26] was in accordance. 300 digital postero-anterior view 

radiographs were obtained from 150 males and 150 females aged between 18-30 years showed 

significance (p<0.05) with mean values of the frontal sinus length  (males- 1.47 cm and females 1.17 

cm), width ( males- 2.64 cm and females 2.22 cm) and area (males- 3.58 cm2 and females  2.33 cm2 ) are 

greater in males.  

Another study conducted by Soman et al., (2016) [3] which was similar to the present study, where 200 

subjects (100 males and 100 females) in the age groups 14-55 years and above showed that frontal sinus 

length and width were greater in males than females.  

Denny C et al., (2018) [63] conducted showed similar results. In their study 100 cone beam computed 

tomography (CBCT) images (50 males and 50 females) to measure the frontal sinus in coronal, sagittal, 

and axial planes. While comparing both genders, the measurements were greater in males which was 

statistically significant (p < 0.005) results were obtained on comparing between the sides and gender. 

The gender differences in sizes of frontal sinus is due to genetic factors, even environmental factors as 

nutrition, as well as hormonal and muscular factors, play a role. [27] 
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5. Orbital aperture comparison and measurements among both the gender (Table 7) 

The observation shows comparison of the difference in mean orbital aperture between both genders. 

Right length (graph 7 a) in males with mean deviation 33.74 ± 2.49 was higher than females with mean 

deviation 30.86 ± 3.34 was found significant (p<.001). right width (graph 7 b) in males with mean 

deviation 33.99 ± 2.24 was higher than females with mean deviation 32.62 ± 2.18 was found significant 

(p<.001). left length (graph 7 c)   in males with mean deviation 32.40 ± 3.23 was higher than females 

with mean deviation 30.51 ± 3.35 was found significant (p<.001). left width (graph 7 d) in males with 

mean deviation 33.66 ± 2.34 was higher than females with mean deviation 32.10 ± 2.43 was found 

significant (p<.001).   The mean interorbital distance (graph 7 e) did not differ (P > 0.05) between the 

two gender.  

 Study conducted by Mahalakshmi M et al (2019) [56] showed similar results that the mean orbital width 

in males was 4.91 and females was 4.97. The observed mean difference was statistically significant (P-

0.005). The mean orbital length in males was 4.96 and females was 4.86. The observed mean difference 

was statistically significant (P-0.001). All the parameters were greater in males than females.   

Rossi et al.  (2012) [37] conducted a study which is in accordance with the present study. The study 

evaluated the dimensions of the orbital aperture to gender. Orbital breadth orbital length and inter orbital 

breadth were measured.  Results revealed the significant difference for orbital breadth and inter-orbital 

breadth between sexes. The study reported that the breadth of orbital aperture is < 3.5 cm the skull is of 

female and if it is > 3.5 cm is of a  male. If the inter-orbital distance is < 2.4 cm the skull is likely to be a 

female and if it is > 2.5 cm, it is likely to be a male.  

Orbits show significant sexual dimorphism among parts of the skull, with male orbits being 

characteristically squarer and relatively larger, while female orbits are rounder and comparatively 

smaller. However, age, sex, ancestry, and evolutionary periods cause variation in the orbital 

characteristics [40] 

6. Correlation of frontal sinus and orbital aperture. (Graph 27) 

Correlation between frontal sinus and orbital aperture was made which was significant (P < 0.05 or P < 

0.01 or P < 0.001) and positive correlation was found between frontal sinus and orbital aperture 

variables, with highest being between frontal right length and orbital aperture right length (P < 0.001).  

The above results show that the frontal sinus size decreases with the increasing age. The orbital aperture 

showed no changes with increasing age. Among both the genders males have a larger frontal sinus than 

females. The orbital aperture is also greater in males than in females  
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SUMMARY AND CONCLUSION 

  

Personal identification is the establishment of the identity of an individual. The need arises in natural 

mass disasters and in man-made disasters and in cases when the body is highly decayed or   

dismembered and in and medico-legal purposes. 

Two important parameters of this study are Orbits and Frontal sinus which are dimorphic, unique and 

can be an asset to forensic study. 

The frontal sinuses are two in number and lies between the external and internal aspects of frontal bone. 

They are asymmetrical and lies at the medial part of the orbital roof. The significance of frontal sinus 

in forensic sex determination is due to their unique pattern. The frontal sinus is unique even in 

monozygotic twins.  The outline of the frontal sinus is irregular, and the dimensions of the frontal sinus 

are convenient for being measured. The sinuses develop by the age of two years and grow slowly until 

puberty, until completing growth at approximately 20 years. Changes in the adult sinuses are rare and 

are generally stable throughout life hence can be assessed through linear and area measurements in 

adult male and female subjects. Studies conducted to determine the forensic importance of frontal sinus 

radiographs in determination of gender.  

Human skulls are been used to measure morphological variations of the orbital aperture and orbital 

bone and can be used as a parameter for sexual and ethnic determination in human identification. The 

orbital aperture morphometry is an important asset in gender determination since orbit is resistance to 

damage and disintegration processes. 

Only few researches have been done to assess the morphology of both frontal sinus and orbital aperture, 

hence the need was felt to conduct a study for age and gender determination through evaluation of 

morphology of frontal sinus and orbital aperture. 

So, the present study was designed with the aim to assess frontal sinus and orbital aperture for the use 

in forensic dentistry using postero- anterior cephalograms in Department of Oral Medicine and 

Radiology, Babu Banarasi Das College of Dental Sciences, Lucknow.  

In the present study the subjects were divided into two groups, Group A and Group B. Group A- 100 

males; Group B – 100 females.  

• In the present study the frontal sinus right and left length, width, area was found to be decreasing 

with age which was statistically significant  

• The orbital aperture right and left length and width as well as the inter- orbital distance remains 

same with changes in all age groups 

• Results of the present study also revealed the frontal sinus right and left height, width and area 

was found to be greater in males than females which was statistically significant.  
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• The orbital aperture right and left height and width was found to be more in males than in females 

except for inter- orbital distance.  

• The present study correlation was made between the frontal sinus and orbital aperture which was  

significant (P < 0.05 or P < 0.01 or P < 0.001) and positive correlation was found between 

frontal sinus and orbital aperture variables with highest being between frontal right height and 

orbital aperture right height (r=0.30, P < 0.001).  

• Importantly, frontal sinus variables showed high correlation with each other than orbital aperture 

variables. Further, interorbital distance did not (P > 0.05) correlate well with both frontal sinus 

and orbital aperture. 

Both Frontal sinus and Orbital aperture can be used to assess the age and gender in forensic dentistry 

since these structures possesses resistance in damage and can be used in human identification. These 

anatomical structures have importance in mass disasters victim identifications and in medico-legal 

aspects.  

Thus, further study with larger population have scope for validation of the present study. 
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ANNEXURE 1 

DISSERTATION PROFORMA 

RADIOMORPHOMETRIC ANALYSIS OF FRONTAL SINUS AND 

ORBITAL APERTURE FOR AGE AND GENDER DETERMINATION 

DEPARTMENT OF ORAL MEDICINE & RADIOLOGY 

Babu Banarasi Das College of Dental Sciences, Lucknow (U.P.) 

OPD NO:                                                   Case No: 

Name:                                                        Age:                       Sex: 

Martial status:                                          Occupation: 

Address: 

Contact No: 

Chief Complaint: 

 

History of present illness: 

 

 

Past Medical History: 

 

Dental History: 

 

Drug History and Allergy: 

Family History: 

 

Personal History: 

 

Oral Hygiene Habits: 

Abusive Habits: 
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GENERAL PHYSICAL EXAMINATION: 

Built:                                                                  Gait: 

Nourishment:                                                   Palor: 

Mental state:                                                   Cynosis: 

Icterus:                                                             Clubbing: 

Vital Sign: 

Blood Pressure:                                                  Temperature: 

Pulse:                                                                   Respiratory rate: 

EXTRAORAL EXAMINATION: 

Mouth Opening: 

Facial Symmetry: 

Lymph Node: 

Temporomandibular Joint: 

INTRAORAL EXAMINATION (Hard Tissue Examination): 

Teeth Present: 

Missing: 

Dental Caries:  

Tenderness on percussion: 

Attrition, Abrasion, Erosion: 

Mobility: 

Color, Size, Shape: 

Occlusion: 

Others: 

SOFT TISSUE EXAMINATION:  

Lips: - 

Labial mucosa: -  

Buccal mucosa: -  
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Vestibule: -  

Tongue: -  

Floor of mouth: -  

Hard & Soft palate:- 

 

Gingival & Periodontal Status: 

Colour: -  

Contour: -  

Consistency: -  

Surface texture: -  

Recession: -  

Bleeding on probing: -  

Pocket: -  

 

OTHER FINDINGS:- 

Stains: -  

Calculus: - 

Provisional Diagnosis: 

 

 

 

 

 

 

Radiographic Investigations (POSTERO-ANTERIOR CEPHALOGRAM): 

FRONTAL SINUS 

Left                                                                                                          Right       

Length:                                                                                                    length: 
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Width:                                                                                                     Width: 

          

ORBITAL APERTURE 

Left                                                                                                           Right 

Length:                                                                                                     Length:     

Width:                                                                                                      Width: 

Interorbital distance: 

 

                                                                                                                    

STUDENT SIGNATURE                                  GUIDE SIGNATURE 
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ANNEXURE 2 

CONSENT FORM 

Title of the study……………………………. 

Study Number………………………………. 

Subject’s Full Name………………………… 

Date of Birth/Age……………………………. 

Address of the Subject………………………. 

Phone No. and email address………………... 

Qualification………………………………… 

Occupation: Student/ Self employed / Service/Housewife/Other 

1. I confirm that I have read and understood the Participant Information Document dated ……………. 

for the above study and have had the opportunity to ask questions  

                                          OR  

I have been explained the nature of the study by the investigator and had the opportunity to ask 

questions. 

2. I understand that my participation in the study is voluntary and given with the free will without any 

duress and that I am free to withdraw at any time, without given any reason and without my medical 

care or legal rights being affected. 

3. I understand that the sponser of the project, others working on the sponsor’s behalf, the Ethics 

Committee and the regulatory authorities will not need my permission to look at my health records 

both in respect of the current study and any further research that may be conducted in relation to it, 

even if I withdraw from the trail. However, I understand that my identity will not be revealed in any 

information released to third parties or published. 

4. I agree not to restrict the use any data or results that arise from this study provided such a use is only 

for scientific purpose(s). 

5. I agree to participate in the above study for the future research 

  Yes [    ]         No [    ]        Not Applicable [   ] 

6. I have been explained about the study, and have fully understood them. I have also read and 

understand the participant/volunteer’s information document given to me. 
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Signature/Thumb impression of the subject/Legally acceptable 

Representative…………………………………………………. 

Signatory’s Name………………………………..Date……...... 

Signature of Investigator’s Name……………………………… 

Study Investigator’s Name……………………….Date……….. 

Signature of the witness………………………………………… 

Name of witness…………………………………..Date……….. 

Received a signed copy of the duly filled consent form 

Signature/Thump Impression of the subject/Legally acceptable 

representative……………………………………….Date……… 
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सहमति पत्र 
 
 
अध्ययन का शीर्षक………………………………………………………………………….. 
अध्ययन संख्या……………………………………………………………………………….. 
विर्य का पूरा नाम……………………………………………………………………………. 
जन्म / आयु की तिथि……………………………………………………………………….. 
विर्य का पिा 
फोन नंबर और ईमेल पिा…………………………………………………………………… 
योग्यिा……………………………………………………………………………………………….. 
व्यिसाय: छात्र / स्ियं तनयोजजि / सेिा / गहृिणी / अन्य  
 
1. मैं पुजटि करिा िंू कक मैंने प्रतिभागी सूचना दस्िािेज को पढ़ और समझ ललया िै 
...................उपयुषक्ि अध्ययन के ललए और प्रश्न पूछने का अिसर लमला िै 

या 
मुझे जांचकिाष द्िारा अध्ययन की प्रकृति की व्याख्या की गई िै और मुझे प्रश्न पूछने का अिसर 
लमला िै। 
 
2. मैं समझिा िंू कक अध्ययन में मेरी भागीदारी स्िैजछछक िै और ककसी भी दवुिधा के बबना 
मुफ्ि इछछा के साि दी गई िै और मैं ककसी भी समय बबना ककसी कारण के 
और……………………………………………………………………………………… बबना थचककत्सा देखभाल या कानूनी 
अथधकारों के प्रभाविि ककए बबना िापस लेने के ललए स्ििंत्र िंू। 
 
3. मैं समझिा िंू कक पररयोजना के प्रायोजक, की िरफ स ेकाम करने िाले अन्य लोग, नैतिकिा 
सलमति और तनयामक प्राथधकरणों को ििषमान अध्ययन के संबंध में और मेरे आगे के ककसी भी 
शोध के संबंध में मेरे स्िास््य ररकॉर्ष देखने की अनुमति की आिश्यकिा निीं िोगी इसके संबंध 
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में आयोजजि ककया गया, भले िी मैं तनशान स ेपीछे िि जाऊं। िालांकक, मैं समझिा िंू कक मेरी 
पिचान िीसरे पक्ष को जारी या प्रकालशि ककसी भी जानकारी में प्रकि निीं िोगी। 

 

4. मैं इस अध्ययन स ेउत्पन्न िोने िाले ककसी भी र्ेिा या पररणामों के उपयोग को प्रतिबंथधि 
निी ंकरने के ललए सिमि िंू बशिे ऐसा उपयोग केिल िजै्ञातनक उद्देश्यों के ललए िै। 

 

5. मैं भविटय के शोध के ललए उपयुषक्ि अध्ययन में भाग लेने के ललए सिमि िू 
िां         निी ं         लागू निीं  
6. मुझे अध्ययन के बारे में समझाया गया िै, और उन्िें पूरी िरि से समझ ललया िै। मैंने मुझे 
हदए गए प्रतिभागी / स्ियंसेिक के सूचना दस्िािेज को भी पढ़ और समझ ललया िै। 
विर्य / कानूनी रूप से स्िीकायष के िस्िाक्षर / अंगूठे की छाप 
 
प्रतितनथध........................................................................... 
िस्िाक्षरकिाष का नाम........................................................ 
जांचकिाष के नाम का िस्िाक्षर.......................................... 
अध्ययन जांचकिाष का नाम ........................... ... हदनांक................. 
गिाि का िस्िाक्षर............................................................ 
गिाि का नाम ................................................... हदनांक ……………… 
विथधिि भरे सिमति फॉमष की एक िस्िाक्षररि प्रति प्राप्ि की 
विर्य / कानूनी रूप से स्िीकायष प्रतितनथध के िस्िाक्षर / िंप इंप्रेशन 
..................................................................... हदनांक ……………… 
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ANNEXURE 3 

                                                 Child consent Form  

 

Study Number _____________________________________________ 

Subject’s Full Name _________________________________________ 

Date of Birth/Age__________________________________________________ 

Address______________________________________________________________________

___________________________________________________ 

I _____________________________________________ exercising my free                                                                                          

power of choice, hereby give my consent for participating in the study entitled: 

 

I have been informed, to my satisfaction, by the attending physician, about the purpose of the 

study and the nature of the procedure to be done. I am aware that my parents/guardians do not 

have to bear the expenses if the treatment if I suffer from any procedure related injury, which 

has casual relationship with the said study. I am also aware of right to opt out of the study, at 

any time during the course of the study, without having to give reasons for doing so 

 

Signature if the study participant _______________________    Date:______                                            

Name of the study participant _________________________                               

 

Signature of the Witness____________________________       Date:______                                                             

Name of the Witness_____________________ 

 

Signature of the attending Physician______________________  Date:________                                        

Name of the attending Physician______________________ 
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f”k”kq lgefr irz 

+eS _____________________________________________ es Hkkx ysus ds 

fy, viuh lgerh iznku djrk   gwaWA eq>s bl v/;;u ds gsrq vkSj mles dh tkus okyh 

izfdz;k ds ckjs es fpfdRld }kjk crk fn;k x;k gSA eq>s irk gS  fd v/;;u lEcfU/k 

fdlh gkfu ftldk v/;;u dh nok ls lEcU/k gS mldk [kpZ esjs ekrk firk vFkok 

vfHkHkkod dks ugh djuk  gSA eq>s ;g Hkh irk gS fd eS bl v/;;u ls fdlh le; fcuk 

dksbZ dkj.k crk, ckgj gks ldrk gwaWA 

 

v/;;u es Hkkx  ysus okys dk uke vkSj gLrk{kj     
___________________________________________________  

fnukad __________________xokg ds gLrk{kj  

________________________  fnukad ___________________ 

xokg dk uke _____________________________ 

fpfdRld dk uke vkSj gLrk{kj 

_______________________________________ 

fnukad___________________ 
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ANNEXURE 4 
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ANNEXURE 5 
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ANNEXURE 6 

SNO 

OPD 

NO  NAME  

Age 

(yrs) 

Gende

r  

FRONTAL SINUS (RIGHT 

SIDE) FRONTAL SINUS (LEFT SIDE) 

ORBITAL 

APERTURE (RIGHT 

SIDE) 

ORBITAL 

APERTURE 

(LEFT SIDE) 

Interorbi

tal 

distance 

(mm)  

Lenght 

(mm) 

Width 

(mm)  

Area 

(mm2) 

Length 

(mm) 

Width 

(mm) 

Area 

(mm2) 

Length 

(mm) 

Width 

(mm)  

Length 

(mm)  

Width 

(mm) 

1 16280 Jyoti Sharma  18 F 25.2 26.2 660.24 16.5 24.9 410.85 34 33.9 32 34 24.9 

2 83845 Naryani Singh  21 F 13.3 13.2 175.56 13.9 11 152.9 32.2 33.9 34.2 33.5 20.7 

3 4650 Atul Kumar 16 M 9 23.2 208.8 10.4 30.4 316.16 30.6 32.2 28.8 33 22.9 

4 76020 Aayush 24 M 11.6 33.6 389.76 11.7 32 374.4 35.5 34.8 30.3 34 22.2 

5 80760 Dharam Raj  25 M 11.3 20.3 229.39 11.9 19.4 230.86 35.5 31.3 31 28.7 21.4 

6 75220 Harmeet 25 F 13.3 15.2 202.16 16.8 13.3 223.44 28.4 34.2 27.8 33.3 23.2 

7 70760 Ritika 24 F 19.4 14.3 277.42 11.3 12 135.6 32 34.3 30.6 31.7 21.3 

8 6758 Anjum Yadav 16 F 19.4 13.2 256.08 16.1 13.9 223.79 29.7 34.6 33.9 32 21.3 

9 14315 Priyal Gupta  20 F 13.6 15.9 126.24 12.3 17.1 217.71 32 34.9 31.7 31.3 27.5 

10 58225 Golo Pandey 20 M 13.6 29.7 403.92 13 39.7 516.1 34.6 29.3 31.7 33.9 25.5 

11 16980 Abhishek 29 M 25.8 36.5 941.7 23.8 40 952 32 34.6 28 37 27.1 

12 66050 Sachin Kumar 26 M 16.1 33.2 534.52 21 34.5 724.5 35.3 39.4 34.2 36.1 25.5 

13 2435 Shivanshi 23 F 15.5 15.2 235.6 20.3 17.8 361.34 33.5 29.5 30 30 20.9 

14 2906 Sabreen Banu  30 F 6.8 10.3 70.04 9.1 11.3 102.83 26.2 32.4 25.9 31.7 20.3 
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15 65880 Sira Rashid 27 F 15.6 17.8 277.68 21.3 16.1 342.93 32.3 33 31.7 33.2 24.8 

 

16 65800 

Surya 

Prakash 28 M 15.2 34.2 519.84 26.8 30.4 814.72 31.1 33.9 27.8 31.7 22.7 

17 57320 Rajendra 33 M 11.3 34 384.2 20.7 36.6 757.62 31.7 34.5 30.4 34.8 25.5 

18 17565 

Vinay 

Prakash 33 M 8.5 21.6 183.6 14.3 27.8 397.54 33.5 31.7 33.5 36.8 22.3 

19 60365 Kanchan  34 F 11 11 121 14.6 14.8 216.08 30 33.3 30.7 28.7 20.7 

20 51725 

Seema 

Verma  32 F 10.6 13.3 140.98 10.6 13.2 140.98 31.5 36.8 31.7 35.9 20.7 

21 1080 Eram 36 F 13.9 11.9 165.41 8.8 9.7 85.36 38.5 34 36.5 36.2 27.5 

22 4250 Savita Singh 38 F 15.2 28.4 431.68 14.8 32.4 479.52 32.6 33.6 33.3 34.9 24.5 

23 17750 Sharmawati 42 F 10.3 19.4 199.82 11 25.5 280.5 30 27.5 29.7 27.2 19.6 

24 42615 Vimla Kasyap 43 F 10.3 14.5 149.35 12.6 22 277.2 28.7 31.7 27.1 33.3 26.8 

25 3380 Ganesh  40 M 12.3 20 246 14.6 24.2 353.32 31.7 35.5 31.7 30 23.6 

26 4565 Rajendra 36 M 9.3 20.3 188.79 8.1 26.5 214.65 34 34.9 32.6 33 22.2 

27 9595 Ram Sumer 40 M 10 17.4 174 11 21.7 238.7 33.5 32.4 32 32.7 22.9 

28 67200 Santosh 36 M 8.4 23.3 195.72 21.4 9 192.6 32 37.5 36.6 34.8 18.7 

29 4825 Dhaniram 45 M 12.6 25.2 317.52 19 30 570 33.3 35.5 35.6 34 26.8 

30 380 Mukesh 41 M 8.6 18.8 161.68 9.9 23.3 230.67 35.9 36.5 36.9 36.8 26.5 

31 745 Suraj 42 M 11 23.6 259.6 11.7 25.3 296.01 37.9 37.7 30.1 32.9 23.6 

32 4895 Najuk 46 F 13.2 16.5 217.8 10 24.9 249 37.2 34.2 29.4 36.2 25.2 

33 255 Sumer 50 F 9 22.3 200.7 7 23.8 166.6 31.7 33.3 32.2 32.6 27.1 
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34 60415 Reeta  46 F 17.4 31.1 541.14 14.3 29 414.7 33.7 34.2 31.1 33.5 27.8 

35 1485 Munni 52 F 9.8 28 274.4 19.2 22.7 435.84 38.1 35.3 32.9 30.4 21.6 

36 2210 Nageshwar 50 M 12.5 25.2 315 12.6 32.2 405.72 30.6 32.9 30.4 30.4 28.6 

37 57890 Ranvijay 48 M 15.4 30.4 468.16 23.9 30.6 731.34 32.7 31.7 31.7 32.6 24.5 

38 19785 Surendra 48 M 19.1 28.1 536.71 15.2 27.5 418 32 32.7 34.5 31.7 25.1 

39 10355 Bhagwati 55 M 12.6 20.1 253.26 16.4 18.3 136.12 30.2 35.9 30.6 33.3 27.5 

40 2195 Anshu 17 F 14.8 13.2 195.36 17.1 14.5 247.95 37.5 31.1 31 32.6 19 

41 62750 Shraddha 18 F 12.3 19 233.7 19 13.2 250.8 34.8 32.4 36.1 33.2 22.2 

42 16945 Arti 21 F 20 29.3 586 16.3 29.1 474.33 29.1 33.2 31.9 34.3 23 

43 11063 Zara 24 F 8.1 7.7 62.37 9.9 13.3 131.67 35.8 37.9 30 32.9 22.5 

44 57765 Abdullah 15 M 10.4 21 218.4 9 16.2 145.8 36.6 31.7 31.7 32.4 24.9 

45 25775 Mohd Zawed 20 M 8.1 19.1 154.71 19 28.8 547.2 39.7 33.3 40.1 33.5 25.8 

46 45270 

Aman 

Kashyap 24 M 11 22 232 10 17.4 174 32.9 33.6 30 33.3 27.1 

47 43225 Ramkesh 21 M 19 39.4 748.6 22.1 39.7 877.37 32.9 31.7 34.8 32.6 23.8 

48 20/21 Deepika 23 F 10.2 15.2 155.04 8.4 17.4 146.16 25.2 33.9 27.8 32.7 22.7 

49 540 Rupsee 21 F 17.9 21.6 386.64 18.7 18.5 345.95 31.7 32 29.1 33.6 26.8 

50 78370 Noor 30 F 7.1 7.8 55.38 7.1 12.6 89.46 32.6 34 30 34 22.9 

51 17364 Sarla 27 F 10.3 13.3 136.99 12.6 11.2 141.12 28.5 31.9 29.1 32.2 20.1 

52 91/21 Rahul 23 M 9.7 17.8 172.66 9.7 20.4 197.88 29.4 30.7 31.7 33 36.2 

53 17442 Jai Prakash 28 M 8.4 16.5 138.6 11 29.5 324.5 33.3 33.9 33 34.6 22.7 

54 1440 Satendra 26 M 12.1 23.9 289.19 8.4 17.4 146.16 32.9 34.6 32.9 34.9 29.4 
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55 1685 Mahendra 34 M 6.4 24.9 188.16 10 29.5 295 33.5 34.5 29.7 33.5 26.2 

56 17325 Pooja 31 F 18.1 29.4 532.14 14.9 37.2 554.28 27.2 32.9 26.2 31.1 29.4 

57 2911 Zakirun 35 F 14.6 14.1 205.86 9.4 11.2 105.28 28.2 33.6 30 29.4 24.9 

58 760 Ramwati 36 F 9.5 27.8 264.1 21.6 25.1 542.16 35.9 35.5 36.5 34.5 25.8 

59 4665 Sunita 41 F 8.8 15.8 139.04 15.2 25.9 393.68 33.6 30.4 32.6 31.9 22.7 

60 4510 Sushma 45 F 19.4 29.3 568.42 14.3 30.6 437.58 35.2 31.7 30.7 35.2 24.5 

61 55395 Anuj 31 M 10.4 26.1 271.44 11 30.6 336.6 34.6 32.4 33.33 34.4 22.5 

62 2914 Shubham 33 M 12.6 16.5 207.9 8.3 16.1 133.63 31.3 33.3 33.2 30.7 22.3 

63 25960 Md SHARIF 40 M 7.7 12.6 97.02 20.3 9.3 188.79 34.8 32.9 32.4 34.2 22.9 

64 4865 Vishwajeet 36 M 19.7 28 551.6 21.6 23.8 514.08 36.6 34 36.2 37.7 24.2 

65 38109 Rinzing 37 F 7.4 9.4 69.56 8.7 9.1 79.17 35.2 33 36.5 35.2 29.1 

66 71430 Suman  36 F 7.1 10.8 76.68 6.5 10.6 68.9 27.7 31 29.7 29.4 26.1 

67 3210 Heval Kumari 45 F 12.7 15 190.5 13.2 16.5 217.8 25.8 30.4 23.5 30 16.8 

68 57850 Bindu 50 F 13.9 28.5 396.15 20.7 28.4 587.88 33.9 32 34.6 31.1 29.3 

69 2235 Hari Om 42 M 13 31.7 412.1 19 32.9 625.1 36.8 37.5 38.8 37.5 22.9 

70 924 Rakesh 42 M 14.3 31.9 456.17 17.8 32.7 582.06 36.9 36.2 36.2 33.6 28.3 

71 4680 Ram Prasad 47 M 10.3 23.6 243.08 8.8 24.5 215.6 31.3 33.5 34 33.9 25.5 

72 4670 Nirmala 47 F 8.4 24.3 204.12 10.6 20.7 219.42 32.2 32 30.4 29.7 27.5 

73 2215 Sumaiya 49 F 9.1 19.6 178.36 13.2 23.3 307.56 38.7 32.4 36.2 34.6 25.6 

74 4885 Gunjan 55 F 10.3 15.2 156.56 9.7 16.1 156.17 28.7 31.4 26.2 31 28.2 

75 2640 Rajpati 52 F 9 8.8 79.2 8.9 11.9 105.91 27.5 32 24 28.8 26.8 
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76 17790 Ram Prasad 46 M 21 38.8 814.8 26.2 31.9 825.78 36.9 33.9 36.4 38.7 25.2 

77 1825 Md Iqbal 53 M 7.7 11.9 91.63 15.2 14.4 218.88 31 31.7 32.9 36.2 24.5 

78 4175 Shiv Prasad 53 M 7.8 6.8 53.04 7.7 10.6 81.62 35.9 38.8 39 37.5 28.2 

79 3829 Dinesh  52 M 15 33.5 502.5 18.5 40.7 752.95 33.8 35.9 32.6 35.7 28.9 

80 57890 Ranvijay 48 M 15.4 30.4 468.16 23.9 30.6 731.34 32.7 31.7 31.7 32.6 20 

81 100 Vijaybhan 48 M 10.3 20.7 213.21 12.9 21.4 276.06 37.7 39 34.3 31.9 27.5 

82 5930 Sushma 48 F 10.4 25.5 265.2 9.4 25.2 236.88 32.7 33.6 30.7 34.6 29.1 

83 675 Kali 55 F 15.5 30.6 474.3 16.8 28.8 483.84 26.9 32.9 27.8 32.2 26.2 

84 1510 Urmila 53 F 12.6 18.5 233.1 16.8 16.7 280.56 30 30.7 33.5 32 27.8 

85 5959 Veena 54 F 14.5 19.6 284.2 12 28.2 338.4 31.6 31.3 30.7 36.2 28.6 

86 35470 Aneesh 18 M 7.8 17.2 134.16 10.3 29.8 306.94 29.8 30 32.3 30.4 22.9 

87 63986 Azad 19 M 9 23.2 208.8 10.4 30.4 316.16 30.6 32.2 28.8 33 21.6 

88 580 Rajdeep 15 M 15.2 21.4 325.28 18.1 32.6 590.06 32.7 30 32.2 32 24.2 

89 375 Anilesh 21 M 8.4 16.5 138.6 9.4 18.7 175.78 32 28.7 33.3 29.3 28.5 

90 44129 Krisnhna 22 M 11.2 26.2 293.44 16.1 26.2 421.82 36.1 33.3 31.1 31.7 22.7 

91 65805 Rahul 21 M 11 15.9 174.9 12.3 15.2 186.96 32.9 36.6 33.3 34.8 24.5 

92 16845 Manish 30 M 33.5 15.9 532.65 38.5 16.8 646.8 31.7 35.5 31 33.3 22 

93 76200 Satish 30 M 7 15.2 106.4 13.9 20.7 287.73 35.5 33.7 26.9 33.3 23.9 

94 795 Laxmi  37 F 9 13.6 122.4 7.2 12.3 88.56 24.9 34.2 28.2 33.6 23 

95 1690 Sheela 35 F 14.1 16.1 227.01 16.5 25.5 420.75 34.8 33.5 30.3 33 25.2 

96 23860 Kiran 42 F 13.9 25.2 350.28 12.3 25.8 317.34 28.2 30.7 31.7 32.8 24.2 
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97 3350 Vidhya 42 F 9.7 18.1 175.57 15.8 31.3 494.54 29.1 31.7 26.9 29.3 28.5 

98 5920 Rachna 46 F 7.1 10.1 71.71 8.4 13.6 114.24 35.2 34.8 32.9 36.4 20.7 

99 39830 Anup 15 M 11.6 18.5 214.6 11.6 24.5 284.2 36.2 33.3 35.7 31.3 26.1 

100 36145 Vishal 15 M 15.1 16.5 249.15 10.6 17.8 188.68 24.9 32 26.1 28.5 27.5 

101 12685 Lata 18 F 16.8 15.5 260.4 15.9 15.5 246.25 37.5 30.4 31.7 34.5 28.7 

102 350 Saumya 18 F 14.3 14.8 211.64 11.3 14.3 161.59 26.2 32.4 28.7 31.7 27.1 

103 32620 Rekha 22 F 11.7 18.8 219.96 26.8 18 482.4 30.1 39.2 37.2 35.3 26.5 

104 17630 Fatima 21 F 18.4 18.7 344.08 19 20.7 393.3 30.7 30 30 31 25.8 

105 79375 Tanjula 24 F 8.1 18.1 146.61 7.7 14.5 111.65 28.7 32.9 34.2 34.2 27.1 

106 19730 Manish 20 M 18.1 29.1 526.71 20 33.9 687 35.5 38.2 36.5 37.5 27.5 

107 1670 Rahul 25 M 16.8 15.4 258.72 18.7 17.4 325.38 29.7 33.5 31.3 32 20 

108 24265 Rajveer 27 M 15.4 26.6 409.64 28.2 16.7 470.94 32.4 33.9 32.8 32.6 27.5 

109 240 Umesh 31 M 8.1 16.1 130.41 15.8 26.9 425.02 36.4 33.7 35.2 33 25.2 

110 24355 Rajpal 40 M 11 17.8 195.8 22.3 11.9 265.37 32.6 32.4 30.4 33.5 26.2 

111 2585 Vipul 40 M 11.9 24.9 296.31 10.3 30.4 313.12 32.9 34.6 29.8 34.2 20 

112 16995 Vinay  24 M 9.4 22.5 211.5 5.5 23 126.5 33.3 32.4 27.1 32.6 23.8 

113 280 Sanjeev 26 M 10.6 18.1 191.86 6.8 24.3 165.24 37.7 38.1 32.9 35.9 26.5 

114 4990 Sarmaan 27 M 16.5 21.3 351.45 13.2 32.6 430.32 34.3 33.3 36.5 36.1 25.2 

115 1290 Naimish 32 M 7.1 18.7 132.77 14.1 26.9 379.29 35.5 34.2 35.2 31.7 22.9 

116 2025 Harish 40 M 9 19.6 176.4 14.6 32.6 459.66 35.5 33 32 31.3 28.5 

117 78755 Archana 19 F 17.8 11.9 211.82 18.1 13 235.3 38.2 34.2 35.5 34 23.6 
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118 72650 Nidhi 19 F 16.8 12.5 210 14.3 13 185.9 34.4 33.3 32.6 33.9 30 

119 57220 Pushpa 30 F 9.4 10 94 13.6 12 163.2 30.6 31.7 30.4 30.6 24.2 

120 2665 Seema 28 F 16.1 14.8 238.28 19.7 22.3 439.31 30.4 34.9 28.4 31.1 28.4 

121 17385 Sandhya 29 F 9.7 16.5 160.05 9.7 16.2 157.14 28.7 32.9 30 26.4 24.5 

122 15 Sudha 26 F 11.9 19.4 230.86 9 19.4 174.6 28.4 30.3 27.1 29.1 24.2 

123 1310 Deshraj 32 M 8.8 10 88 9.7 13.9 134.83 33.9 33.7 33.6 32.6 22.9 

124 4660 Ram Kishore 35 M 22 15.8 347.6 13 29.3 380.9 31 33.3 33.9 35.9 27.1 

125 1085 Alok  37 M 16.5 24.6 405.8 23.2 39 904.8 32.6 34.8 28.5 34 26.5 

126 3330 Anil 45 M 11.7 19 222.3 15.8 30.7 485.06 31.7 34.6 29.8 31 19.4 

127 36420 Ashaarm 42 M 19.4 23.5 455.9 13 21.3 276.9 38.8 34.9 36.1 34.2 23.4 

128 17210 Poonam 34 F 10 24.8 248 21.6 26.4 570.24 32.3 37 36.1 30 22.9 

129 1450 Yaseem 33 F 9.3 11 102.3 7.4 14.3 105.82 27.8 35.2 32.4 30 23.3 

130 17135 

Archana 

Verma 32 F 8.4 14.8 124.32 16.2 14.3 231.66 28.7 34.2 26.8 30.4 32 

131 4985 Hariram 45 M 9.4 12.3 115.62 8.6 16.1 138.46 32.4 31.4 27.5 33.9 24 

132 1655 Ram Milan  43 M 12.6 20.3 255.78 11.7 38.4 449.28 32.7 34.2 27.8 31.1 24 

133 17795 Ramesh 44 M 11 22.7 249.7 11 19.7 216.7 34.3 35.9 32.6 34.6 23.6 

134 Aug-21 Sanju 26 F 10.4 18.7 194.48 12 11.3 135.6 29.3 29.1 24.5 28.5 25.8 

135 17195 Shalini  29 F 14.6 15.4 224.84 14.6 22.2 324.12 28.4 32.2 25.9 31.3 22.9 

136 17320 Sangam 31 F 17.8 13.9 245.64 18.9 11.5 217.35 27.1 30.7 27.5 31.7 24.2 

137 16325 Seema 32 F 10.6 13.3 140.98 10.6 13.2 139.62 31.5 36.8 31.7 35.9 26.8 

138 4170 Bhagwati 48 M 9.4 24.2 227.48 15.5 26.2 406.1 37.5 35.2 39.1 33.9 26.8 
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139 5025 Sunil  46 M 27.8 23 639.4 24.5 30.4 744.8 32.6 35.5 30.4 35.2 22.6 

140 1820 Bholendra 47 M 11 23 253 12.3 25.6 314.88 32.4 30 31.1 32 25.2 

141 53375 Malti 37 F 11 21.1 232.1 16.8 23.6 396.48 30 30.4 28.4 32.6 25.5 

142 4220 Arti 36 F 17.1 26.8 458.28 12.3 23.6 292.74 33.3 38.1 35.5 33.6 26.8 

143 2060 Poonam 35 F 14.3 15.2 217.36 19.2 15.9 305.28 33.2 32.6 30 29.3 23.8 

144 17215 Alok  55 M 15.2 29 440.8 18.2 23.3 424.06 34.5 34.9 37.2 35.5 24.5 

145 4880 Vijay 56 M 9.7 19.1 185.27 25.9 10.6 274.54 32.9 35.3 28.4 37.1 27.5 

146 3320 Parasnath 55 M 9.4 9.4 88.36 10.3 6.4 65.92 35.5 36.1 31.7 34.5 25.2 

147 3465 Amar 53 M 9 20 180 10.4 20.3 211.14 37.4 33 36.5 33.3 24.5 

148 2265 Sunita 45 F 9 12.3 110.7 5.9 16.1 64.99 28.7 32 28 30.4 22 

149 4515 Parwati 41 F 8.6 10.3 88.58 7.8 15.2 118.56 30.7 33.9 25.8 32 20.7 

150 59250 Siya 43 F 10.3 20.7 213.21 8.8 14.3 125.84 33.3 31.7 33.2 30.7 26.4 

151 17035 Kavita 50 F 16.4 17.6 288.64 16.5 22.1 364.65 30.4 36.1 35.5 30.8 27.5 

152 3385 Anita 49 F 11.7 17.5 204.75 19.4 25.9 502.46 34.9 34.2 32.6 32 25.8 

153 33685 Sunil  60 M 10.1 13.1 132.31 9.3 14.5 134.85 33.6 33.9 33.3 36.2 23.4 

154 4880 Vijay 62 M 9.7 11.1 107.67 15.9 10.6 168.54 32.9 35.2 28.4 37.1 23.5 

155 7275 Ramanand 65 M 9 13 117 14.1 10.6 149.46 39.7 38.8 41 35.6 24.6 

156 7530 Anusya  58 F 9.6 5.2 49.92 8.8 5.9 51.92 27 29.1 27.1 32.6 23.5 

157 7639 Sushma 65 F 10.1 11.2 113.12 12.6 13.2 166.32 32.2 31.3 39 33 27.8 

158 60140 A.K.Shukla 68 M 11.8 13.7 161.66 14.5 15.5 224.75 37.5 33.9 36.6 34.2 22.4 

159 17614 RS Shahi 55 M 11.6 19.9 230.94 13.9 20.7 287.73 33 31.7 30.4 34.4 31 
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160 250 

Radhe 

Shyam 52 M 14.6 21.4 312.44 15 22.8 342 32.6 36.2 35.2 36.8 23.6 

161 20356 K. Srivastava 57 M 10.9 13.6 148.24 9.5 14.8 140.6 35.3 35.6 33.2 33.5 25.6 

162 25731 Pradeep 53 M 13.2 21.5 283.3 16.5 23.4 386.1 33.8 35.6 32.6 35.7 27.5 

163 11775 Sipahi Singh 60 M 11.7 15.6 182.52 9.5 14.6 138.7 35.6 33.9 34.7 35.6 24.6 

164 13425 Sudhir 56 M 9.7 19.1 185.27 20.9 10.6 221.54 32.6 33.2 27.8 34.1 24.5 

165 72865 Angoori 50 F 9.3 17.3 160.89 7 18.8 131.6 31.7 33.3 32.2 32.6 27.7 

166 57210 

Anshu 

Mohan 54 F 6.4 7.5 48 10.4 15.6 162.24 26.2 29.1 23.3 25.8 22.2 

167 52895 Azra  53 F 9 8.8 79.2 8.8 11.9 104.72 27.5 32 24 28.8 25.2 

168 5915 Gunjan 57 F 7.1 11.9 84.49 6.8 14.6 99.28 29.4 33.5 33.9 34.2 26.8 

169 19720 Narendra 45 M 12.6 19.3 243.18 14.3 23.7 338.91 33.3 34.6 34.8 33.5 22.3 

170 3130 Virendra 49 M 23.6 13.2 311.52 18.4 25.5 469.2 32.9 34.5 32.4 37.2 24.3 

171 16020 Imran 18 M 11 19.7 216.7 21.5 29.7 638.55 30 33.6 27.1 29.7 25.1 

172 22255 A P Singh 47 M 9.4 21.1 198.34 12.3 23.6 290.28 32.2 30.6 31.1 32 26.2 

173 52000 Ganesh  42 M 15.8 24.8 391.84 13 27.2 353.6 38.8 34.9 36.1 34.2 26.8 

174 19786 Kailashwati 53 F 11.3 15.2 171.76 9.8 16.5 161.7 30.8 28.7 31.4 26.2 27.3 

175 53900 Raj Kishor 44 M 10.4 13.3 138.32 8.6 17.6 151.36 32.4 30.4 28.6 33.8 24.5 

176 37280 Shambu 56 M 10.8 14.6 157.68 9.8 15.4 150.92 34.6 36.7 24.5 27.6 24.3 

177 7520 

Sangeeta 

Pandey 56 F 11.4 16.5 188.1 13.3 19.8 263.34 26.9 32.5 27.9 32.2 23.4 

178 3590 

Saba 

Shaheen 59 F 9.8 5.4 52.92 8.9 6.2 55.18 27 29.1 27.5 33.2 25.7 
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179 59210 Munni Devi 52 F 8.3 13.6 112.88 12.9 14.2 183.18 29.7 32.4 26.5 31 23.2 

180 13510 Radhika  57 F 10.8 8.7 93.96 11.9 9.8 116.62 30.5 32.5 27.5 28.9 22.7 

181 135 Gyanti Devi 56 F 11.3 8.6 97.18 13.7 10.7 146.59 31.6 33.4 28.7 26.7 22.8 

182 60095 Godavari  54 F 10.5 8.3 87.15 12.3 10.9 134.07 30.2 33.6 30.7 31.2 23.6 

183 3540 

Mohd 

Saheyaar 57 M 9.7 19.4 188.18 20.5 10.7 219.35 33.7 36.7 29.6 37.4 28.6 

184 10710 Kashiram 58 M 10.9 20.6 224.54 15.7 11.5 180.55 34.5 35.6 30.7 32.6 25.6 

185 14602 Sunita 54 F 15.5 20.5 317.75 17.5 23.5 411.25 33.3 33.7 35.7 34.4 20.7 

186 9255 Bittan Ji 59 F 10.7 6.9 73.83 13.7 15.7 215.09 26.8 29.6 27.6 28.7 27.3 

187 1890 Sheetla Devi 57 F 9 13.3 119.7 11.6 15.6 180.96 28.6 30 31.2 32.6 27.9 

188 17375 Gopal 58 M 11.6 15.6 180.96 14.3 17.5 250.25 33.3 31.6 29.7 30.7 22.4 

189 4505 Sunita Tiwari 50 F 10.5 17.6 184.8 11.3 19.8 223.74 29.8 30.6 28.7 35.5 23.8 

190 17725 Sanjay Singh 58 M 10.6 15.6 165.36 17.8 19.7 350.66 32.4 30.5 29.8 26.7 25.4 

191 535 Ram Vilas 50 M 15.6 20.5 319.8 14.4 23.6 339.84 35.5 34.6 31.7 35.4 24.5 

192 5925 Rajwati 60 F 9.6 13.5 129.6 11.8 14.5 171.1 34.7 32.3 33.6 34.3 25 

193 2735 Kalpati 60 F 8.7 10.9 94.83 9.6 12.3 118.08 30.9 32.4 33.4 35 27.7 

194 1425 

Ravindra 

Sharma 51 M 12 9.8 117.6 13.6 10.7 145.52 30.2 31.4 32.5 34.8 22.5 

195 5955 

Gunjan 

Sharma 45 F 9 12.3 110.7 8.6 16.1 138.46 28.7 32 28.3 30.5 25.5 

196 5980 

Veena 

Verma 54 F 10.3 15.3 157.59 9.9 16.7 165.33 23.4 27.5 29.8 31.5 24.3 

197 4820 Rajpati 58 F 9.8 5.6 54.88 8.7 6.5 56.55 27.5 29.7 27.4 32.6 25.8 
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198 4885 Munni Devi 60 F 9.5 5.9 56.05 11.2 14.7 164.64 29.9 31.2 28.7 33.7 24.5 

199 17720 Parmila 45 F 10.5 12.7 133.35 10.8 17.6 190.08 28.6 31.2 28.1 30.4 25.2 

200 565 

Geeta 

Chaurasia 49 F 9.4 15.5 145.7 13.2 17.6 232.32 28.9 32.4 32.2 36.6 23.5 
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ANNEXURE 7 
 

STATISTICAL ANALYSIS  

 

Formula  

 

• Arithmetic Mean  

 

The most widely used measure of central tendency is arithmetic mean, usually referred to simply 

as the mean, calculated as 

 

• Standard deviation and standard error 

The standard deviation (SD) is the positive square root of the variance, and calculated as  

 

where, n= no. of observations. The and SE (standard error of the mean) is calculated as 

 

 

 

 

 

 

 

• Minimum and Maximum 

 

Minimum and maximum are the minimum and maximum values respectively in the measure data 

and range may be dented as below 

 

Range = Min to Max 

 

and also evaluated by subtracting minimum value from maximum value as below 

Range = Maximum value-Minimum value 

∑ 

 

i=1 

n 

Xi 

n 

∑ X i 

2 

-  (∑Xi) 2 

n 

n-1 

  X =  

SD =  

SD 

n 

= SE     
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• Median  

 

The median is generally defined as the middle measurement in an ordered set of data. That is, 

there are just as many observations larger than the median as there are smaller. The median (Μ) 

of a sample of data may be found by third arranging the measurements in order of magnitude 

(preferably ascending). For even and odd number of measurements, the median is evaluated as 

 

M= [(n+1)/2]th observation- odd number 

 

M= [n(n+1)/2]th observation – even number 

 

• Student’s t Test 

 

Student’s t-test was used to calculate the differences between the means of two groups  

 

 

 

 

S2 is the pooled variance and n1 and n2 are number of observations in group 1 and 2 respectively. 

The degrees of freedom (DF) is calculated as  

DF = n1 + n2 – 2 

 

• Analysis of Variance 

 

Analysis of variance (ANOVA) is used when we compare more than two groups simultaneously. 

The purpose of one-way ANOVA is to find out whether data from several groups have a common 

mean. That is, to determine whether the groups are actually different in the measured 

characteristic.  One way ANOVA is a simple special case of the linear model.  For more than 

two independent groups, simple parametric ANOVA is used when variables under consideration 

follows Continuous exercise group distribution and groups variances are homogeneous 

otherwise non parametric alternative Kruskal-Wallis (H) ANOVA by ranks is used. The one way 

ANOVA form of the model is  

 

where,  

  

 

SE =  S X 
2 

1 

n1 

+ 

1 

n2 

 

  t =  

   X1 – X2 

     SE 
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Yij = α.j + εij 

where; 

•  Yij is a matrix of observations in which each column represents a different group.  

•  α.j is a matrix whose columns are the group means (the “dot j” notation means 

that α applies to all rows of the jth column i.e. the value αij is the same for all i).  

•  εij is a matrix of random disturbances.  

The model posits that the columns of Y are a constant plus a random disturbance.  We want to 

know if the constants are all the same.   

 

 

• Tukey multiple comparison Test 

After performing ANOVA, Tukey HSD (honestly significant difference) post hoc test is 

generally used to calculate differences between group means as 

 

 

S2 is the error mean square from the analysis of variance and n1 and n2 are number of data in 

Group 1 and 2 respectively.  

 

 

 

 

• Simple Linear Correlation 

The relative association between two variables (X and Y) was calculated according to 

Karl Pearson correlation coefficient (r) method. The correlation coefficient also called as 

“simple correlation coefficient” is calculated as   

SE =  
S 

2 

2 1 

n1 

+ 

1 

n2 

 

SE 
q =  

X1 – X2 
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The value of r should be either positive, zero or negative; should be ranged from -1 to +1 

and has no units of measurement. A positive correlation implies that for an increase in 

the value of one of the variables, the other variable also increases in value; a negative 

correlation indicates that an increase in value of one of the variables is accompanied by 

a decrease in value of the other variable and zero correlation indicates that there is no 

linear association between the magnitudes of the two variables; that is, a change in 

magnitude of one does not imply a change in magnitude of the other.  

 

• Statistical significance 

Level of significance "P" is the probability signifies level of significance. The mentioned P in 

the text indicates the following: 

P > 0.05 - not significant (ns) 

P < 0.05 - just significant (*) 

P < 0.01 - moderate significant (**) 

           P < 0.001 - highly significant (***) 

 

 

 

 

 

 

 

 

 

    r =  Σ xy 

 (Σ x2 Σ y2) 

r=  

Σ XY -  Σ X  Σ Y 

n 

( Σ X2 -  
(Σ X)2 

n 
) 

 
( Σ Y2 -   

(Σ Y)2 

n 
 ) 

or, 
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