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ABSTRACT 

 

Introduction: Hunter-Schreger Bands (HSBs) are an optical phenomenon seen 

in mammalian tooth enamel related to orientation changes in the enamel 

prisms.  HSBs are considered a factor in the development and progress of 

certain clinical conditions, including tooth wear, the resistance of enamel to 

fracture, cracked tooth syndrome, enamel bonding, abfraction, and vital tooth 

bleaching. They can also be used for personal identification in automated 

systems.  

No previous investigations have described HSB patterns, or quantified their 

distribution, in camel teeth.  

Aim: The aim of this study is to describe the dental morphology of the 

dromedary camel and examine the HSBs in the anterior teeth both qualitatively 

and quantitatively, availing of the opportunity to review the anatomy of the 

camel skull and the superficial muscles of mastication.   

Method: 194 deciduous teeth and 35 permanent teeth were extracted from the 

skulls of ten juvenile camels, from which 220 teeth were included in this study. 

The dentitions in the skulls of six mature camels in the Hunterian Museum of 

RCSEng in London were also examined. Ground longitudinal sections were 

made from 49 anterior teeth in the mid-mesiodistal and mid-buccolingual 

planes. Reflected light photomicroscopy was used to demonstrate the HSBs 

and quantify their packing density. Two techniques to enhance the appearance 

of HSBs were tested. Statistical analyses were performed.   

Results: The anatomy of the skull and superficial muscles of mastication and 

the morphology of the dentition was described. Consistent patterns of variation 

in HSB packing density in different parts of the enamel was demonstrated. An 
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acid-etch application and an acidic drink treatment successfully enhanced the 

appearance of the HSBs.   

Conclusion: The morphology of the teeth in the dentition of Camelus 

Dromedarius is quite complex, and HSBs are present in their tooth enamel with 

a predictable pattern of variation in their packing density.  
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1. INTRODUCTION AND REVIEW OF THE 

LITERATURE 

 

1.1. INTRODUCTION 

 

Enamel is the outer layer covering the crowns of teeth in mammals and in some 

reptiles and amphibians. It is smooth, shiny material, acellular, insensitive, and 

it is the hardest tissue in the vertebrate body. Enamel is characterized by its 

complex internal microstructure, due to the nature of the mechanism behind its 

formation. It is well adapted to withstand the mechanical forces applied during 

its functioning. 

 

The basic structural unit of enamel is the prism or rod. A prism sheath 

separates adjacent prisms. Each prism runs in a sinuous course from the 

amelo-dentinal junction (ADJ) to the external enamel surface (EES). The 

principal cells involved in the formation of enamel (amelogenesis) are known as 

ameloblasts. It is widely accepted that ameloblasts essentially lay down enamel 

prisms as they retreat away from newly-formed dentine, and consequently the 

orientation and direction of individual prisms can be used to deduce the path 

taken by these cells during amelogenesis. 

 

When light is reflected off the cut surface of enamel that has been sectioned or 

fractured in the longitudinal plane a series of alternating dark and light bands 

can be seen. These are known as Hunter-Schreger Bands (HSBs), and are an 

optical phenomenon related to the changes in the directions of enamel prisms 

as they pass through the body of enamel from the ADJ to the EES.  

 



24 

 

There are six living species in the family Camelidae: the two true camels, 

Dromedary and Bactrian, and the four South American camelids, alpaca, 

guanaco, llama and vicuña. Camels were chosen in this study because they are 

considered an icon animal in the Middle East countries including Bahrain. 

Camels do have dental enamel in their teeth, but no empirical data are available 

regarding the quantity and distribution of HSBs in the enamel of any of those 

species. In addition, dromedary camel teeth usually wear down extensively and 

they are sometimes aged by the level of tooth wear in their teeth, which could 

be due to the packing density and distribution of HSBs in their enamel. This 

study is the first to examine this phenomenon in the dromedary or Arabian 

camel. The findings would provide useful insights into the behaviour of 

ameloblasts during amelogenesis in this large herbivore. It is widely accepted 

that the paths mapped out by the enamel prisms, including any decussations or 

bending, as they pass from the ADJ to the EES reflect the movements of the 

ameloblasts, essentially providing a ‘fossilized’ record of their migration during 

amelogenesis. Studies of animal enamel in a small number of other species 

have related HSB packing density with consistency of diet and wear resistance 

but the pattern is well known to be very variable between species.  

 

The primary aims of this project are to describe the morphology of dromedary 

camel dentition, and to describe the appearance, distribution and packing 

density of HSBs in the dromedary deciduous anterior teeth, including maxillary 

canines, mandibular 1st, 2nd, 3rd incisors, and mandibular canines.  
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1.2. REVIEW OF THE LITERATURE 

No previous studies were done on HSBs in the tooth enamel of dromedary 

camel teeth. However, in this literature review demonstration of tooth enamel 

composition and historical description of HSBs in the tooth enamel of both 

human and other mammalian species will be illustrated. 

1.2.1. Tooth enamel composition and formation 

 

Enamel is the outer layer of the crown of a tooth, and is found in mammals and 

some reptiles and amphibians (Boyde, 1997; von Koenigswald and Sander, 

1997b). It is considered the hardest tissue in the vertebrate body and has no 

sensation (Boyde, 1997; Rensberger, 1997).  

 

Dentine first appears in the fossil record about 500 million years ago in the late 

Cambrian period in the placoid scales of primitive fish where it may have 

functioned as an osmoreceptor (Smith & Sansom, 2000). Despite some 

variation, the structure of dentine has remained remarkably constant throughout 

its evolutionary history.  Enamel evolved over the next 50 million years or so 

(Qu et al., 2015), but even by the Devonian period the scales of the agnathan 

fish Cephalaspis show clearly recognisable dentine with no trace of an overlying 

enamel (Fig. 1).   

 

The origin of enamel may well have been to form a covering over the exposed 

and, in the wrong environment, painfully sensitive dentine and reducing its 

ability to function as an osmoreceptor. The later emergence of enamel may well 

explain the greater variability in the structure of enamel relative to that of 

dentine.  
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Fig.1a: A ground section of a placoid scale from the Devonian fish Cephalaspis, 

showing dentine without a covering of enamel. The sensitivity of such exposed 

dentine would make it a very efficient osmoreceptor. (By kind permission of the 

late Professor LB Halstead, Reading University)  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1b: A demineralized section of dogfish (Scyliorhinus canicular) skin 

showing a placoid scale with pulp (P), dentine (D), and enameloid (E). 

(By kind permission of Ms. Angela Marsh, University College Cork) 
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The composition of tooth enamel is very complex, due to the mechanism of its 

formation and biomechanical demands to which it is exposed (Rensberger, 

1997). 96% of enamel composition is ingorganic material, and only 4% organic 

material and water. The inorganic content of enamel is a crystalline calcium 

phosphate, mainly in the form of hydroxyapatite which is found in bone, calcified 

cartilage, dentine and cementum. Various ions like strontium, magnesium, lead, 

and fluoride can also be found in enamel either incorporated into or adsorbed 

by the hydroxyapatite crystals. The dissolution of these crystals by acid is the 

chemical basis for dental caries. 

 

The organic material in enamel appears between the crystals like a fine lacy 

network, and can be best observed in demineralized sections of partially 

mineralized developing enamel. These organic materials can be observed in 

demineralized sections of developing enamel and also appear as lacy network 

on electron micrographs of mature enamel. It consists mainly of tyrosine-rich 

amelogenin polypeptide (TRAP) tightly bound to the hydroxyapatite crystal, and 

as nonamelogenin proteins.  

 

The basic structure unit of enamel, the prism, is shaped like a distorted cylinder 

and is made up of crystals whose long axis run at various angles to the long 

axis of the prism. The complexity of enamel structure is due to the variations in 

crystal orientation: the changing angulation of the crystals helps to define the 

shape of the prism, while shape differences in the alignment of the more 

superficial crystals of adjacent prisms help to define the prism sheath (Ten 

Cate, 1998) 

 

The tooth is produced by two adjacent tissues, epithelium and neural crest-

derived mesenchyme. Enamel is produced by epithelial cells called 

ameloblasts, which maybe ectodermal or endodermal in origin (Graveson, 

1993; Lumsden, 1987; Smith and Hall, 1993) in a process called amelogenesis. 
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This enamel formation process consists of three stages: cytodifferentiation, 

matrix secretion, and enamel maturation.  

 

The ameloblast cytodifferentiation is characterized by the termination of 

epithelial mitotic activity and preparation of the cells’ secretory activity. Then the 

newly-differentiated ameloblasts start depositing enamel matrix when the 

adjacent dentine matrix undergoes its initial calcification. After the secretory 

activity has started, the ameloblasts develop at their apical secretory surface a 

large single cell process called the Tomes’s process. The Tomes’s process is 

unique feature of secretory ameloblast and present only at the secretory stage. 

The shape of these processes controls both the orientation of the matrix 

protiens and the alignment of hydroxyapatite crystallites (Ten Cate, 1998; 

Moss-Salentijn, 1997). The secretory stage of the ameloblast ends once the 

secretory activities has completed and developing enamel has reached the full 

thickness, then enamel maturation begins. During enamel maturation, the 

organic matrix is mineralized and the mineral component increases steeply from 

10-20% to 80-90% of volume (Robinson et al., 1979; Robinson et al., 1981; 

Smith et al., 1989; Moss-Salentijn, 1997). 

  

Any disruption in the normal process of amelogenisis will cause temporary 

interference and result in a histologic landmark in the enamel visible in sections 

as lines, which are called striae of Retzius. These consist of relatively broad 

bands of hypomineralized enamel (Ten Cate, 1998; Frank, 1978). 

 

1.2.2. Hunter-Shreger Bands (HSBs)  

 

Hunter-Shreger Bands were originally described as an epiphenomenon, which 

is visible as pattern of alternating light and dark bands in sectioned or fractured 

teeth along their longitudinal axis and examined under reflected light (Hunter, 

1778; Schreger, 1800; Osborn, 1965)  (Fig. 2). HSBs usually appear as thin, 
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unbranched features in two-dimensional representations of longitudinal sections 

of human enamel, and may appear in a straight or curved configuration 

depending on the region of enamel under inspection (Osborn, 1966; Berkovitz 

et al., 2009). However, the three-dimensional branched nature of human HSBs 

has been demonstrated (Preiswerk, 1895; O’Connell and O’Sullivan, 1986).  

Hunter and Schreger have published their observation on the appearance of 

these bands more than two centuries ago, and despite the enormous 

technological advances that have occurred since then, reflected light is still the 

best method to illustrate and get the clearest images of HSBs in sectioned 

material. This technique was recommended by Pickerill (1913). 

 

HSB patterns can be demonstrated by ‘shading’ the surface of a fractured 

specimen of enamel with a lead pencil (Osborn, 1965, 1966), without the aid of 

any microscopic techniques. When a section of enamel is examined under 

micro-radiography, a pattern of relative radiolucent and radiopaque bands 

corresponding to the appearance of HSBs can be revealed (Hollander et al., 

1935; Darling and Crabb, 1956; Gustafson and Gustafson, 1961). Other 

methods to demonstrate HSB patterns include using an acid etch on the cut 

surface of sectioned enamel, or by polishing that surface, or by the application 

of stains to the surface (Gustafson, 1945; Baud and Held, 1956; Mortell and 

Peyton, 1956; Osborn, 1965; Osborn, 1966).  

 

HSBs may be seen in ground sections by using routine transmitted light 

microscopy (Pickerill, 1913), and with plane or elliptically polarized light 

(MacConaill, 1966) which makes their appearance in such sections more 

colourful.  The appearance of HSBs in horizontal or transverse sections, is 

more complex, appearing as interlocking arcs, which form almost complete 

concentric circles (Osborn, 1968d; Lynch, 2007a).  
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Fig.2: HSBs in a longitudinal section of a human tooth (by kind permission of 

Prof. CD Lynch, RCSI) 
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HSBs can also be seen in ground sections of enamel examined by confocal 

microscopy, which is a technique that enables precise planes of focus to be 

viewed in a section, with the elimination of out-of-focus information by 

manipulating a high-intensity light. Using this technique, the slice of tissue being 

examined can be optically dissected into a series of high-resolution images and 

viewed as a three-dimensional interpretation of its components.  

 

HSBs appear more clearly in the deeper part of the enamel. Their appearance 

here was demonstrated by an alternative approach using transillumination 

(O’Connell and O’Sullivan, 1986). The specimen was prepared by removing the 

outer half of the enamel from a tooth with water as a coolant using a grindstone 

in a dental lathe, and trimming it with mounted stones in a slow handpiece. The 

remaining enamel surface was then polished with pumice. The three-

dimensional appearance of HSBs can be demonstrated if the tooth is then 

examined with a stereomicroscope while being illuminated from the side by an 

intense beam of light from a fibre-optic light source, and is slowly rotated. Using 

this technique, HSBs appear to branch, and their variable thickness and 

packing density can be clearly seen. 

 

1.2.3. Historical descriptions of HSBs 

HSBs were first described by Gabriel-Philippe de la Hire in 1699, followed by 

Pierre Fauchard in 1728, but the phenomenon is widely credited to two later 

investigators from the late 18th century, Hunter and Schreger (Hoffman-

Axthelm, 1981). It is generally thought that these two investigators described 

HSBs independently of each other (Homma, 1990), but the writing of Schreger 

reveals otherwise.  
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1.2.3.1. Gabriel Philippe de la Hire 

  

Gabriel Philippe de la Hire (1677 - 1719) was the first one who described HSBs. 

He was born in Paris. His father was Philippe de la Hire, who was interested in 

science, and particularly astronomy, and shared this interest with his son. 

Gabrielle Philippe was also interested in medicine and anatomy. The Académie 

Royale des Sciences elected him as a member in 1694, and his membership 

continued until his death in 1719 (Westfall, 1995).  

 

Gabrielle Philippe’s description of human enamel was submitted for publication 

in 1699. He observed the human tooth enamel that he examined under 

relatively primitive and low-powered magnification: 

 

“…the enamel (l’émail) is composed of innumerable small filaments 

(filets), to which the dentine (l’os) is attached…” 

 

(Hoffman-Axthelm, 1981) 

 

His description included some illustrations showing these ‘filets’ (Fig. 3), which 

are similar the ‘filets’ pattern of HSBs seen nowadays when examining 

longitudinally sectioned teeth under similar conditions. This shows that de la 

Hire described the phenomenon as ‘Hunter-Schreger Bands’ almost 70 years 

before Hunter, and 100 years prior to Schreger (Lynch, 2007a). 
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Fig.3: Enamel “filets” filaments from ‘Sur Les Dents’ by Philippe de la 

 Hire (presented 1699, published 1732) (Lynch, 2007a) 

 

The reference for his work is invariably given as “De la Hire, GP. Sur les dents. 

Histoire de l’Academie Royale des Sciences, année 1699. 1702; 41-43” 

(Hoffman-Axthelm, 1981), but this is incorrect. An extensive search (Lynch, 

2007a) led to the finding of de la Hire’s manuscript in the library of the Royal 

Society of Medicine, London. The paper was eventually published in 1732 in the 

journal ‘Histoire de l’Académie Royale des Sciences, Annee M.DC.XCIX Avec 

les Memoires de Mathematique et de Physique pour la meme Année’.  

 

 

1.2.3.2. Pierre Fauchard  

 

Pierre Fauchard (1678 – 1761) was born in Brittany, France. He is one of the 

most famous dentists of all time, known as ‘the Father of Modern Dentistry’ 

(Viau, 1923a; Lynch et al., 2006). Before he started working as a dentist in 

Western France, he was a surgeon in the French Navy. He had a broad 

knowledge of the science and technology of his day and studied crafts such as 

watch-making and jewellery which helped him in adapting techniques and 

instruments useful to his practice in dentistry (McManus, 1907). Fauchard 
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earned an outstanding reputation due to his unprecedented competency and 

conscientiousness. Patients used to travel great distances to see him (Viau, 

1923b). He established his practice in 1719, and was the first practitioner to use 

the title ‘chirurgien-dentiste’ (‘surgeon-dentist’) at the University Circle in Paris. 

He was recognized as a dentist of unparalleled skill and acumen during the 18th 

century when Paris was regarded as the center of learning and enlightenment 

of Europe. The city’s most accomplished surgeons used to seek Fauchard’s 

advice and talents (Lynch et al., 2006). 

 

In 1727 Fauchard published a textbook entitled ‘Le Chriurgien Dentiste ou 

Traité des Dents’ (‘The Surgeon Dentist or Treatise on the Teeth’) (Viau, 

1923b). This textbook contained over eight hundred pages in two volumes and 

included many illustrations. Fauchard described his techniques in details in this 

book, sharing his considerable knowledge and wealth of observations with 

colleagues and students. Many of his techniques were radical for the practice of 

dentistry at that time, such as the seating of patients for dental procedures 

when the standard practice was to lay the patient on the floor. Fauchard also 

proved the presence of roots on deciduous teeth, which was not readily 

accepted at the time (Viau, 1923b). Over the following years his textbook was 

published in subsequent editions in both French and German, but only in 1946 

was the first English translation published.  

 

Fauchard’s name became a byword for excellence in the practice of dentistry 

because of his dedication to precise and logical thinking, clinical skills and 

excellence in treating patients. In the 1930s the ‘Pierre Fauchard Academy’ was 

founded in his honour. This academy is as an international dental honour 

society which recognises and acknowledges the more dedicated and 

conscientious dentists throughout the world (Loader, 1976). 

 



35 

 

Fauchard made several references to the structure of human enamel in his 

textbook (Fauchard, 1946). Fauchard wrote about the outer layer of the tooth, 

describing it as follows:  

 

“…differs greatly from the inner layer [dentine]; it has scarcely a third of a 

line of thickness at the circumference of the body or of the crown and in 

proportion as it goes to form the extremity of the body or crown, it is 

thicker. It is very white and so hard that the drill and the file can only cut 

it with difficulty. This substance, which is called enamel, is formed before 

the eruption of the tooth, gets stronger and better up to the age of twenty 

years, after which time the enamel begins to wear away by friction…”  

     (Fauchard, 1946).  

 

Fauchard examined the internal substance of teeth using microscopes, and he 

reported in his textbook that he used microscopes purchased from M. 

Manteville to investigate the possible existence of worms as a causative agent 

in dental caries (Lynch et al., 2006). He also used his microscopes to examine 

the structure of enamel, and noted that enamel is composed of “filaments” 

concurring with the findings of de la Hire. De la Hire’s work was quoted 

extensively by Fauchard, and he confirmed from his own investigations the 

accuracy of de la Hire’s descriptions of ‘filaments’ (HSBs). 

 

 

1.2.3.3. John Hunter  

 

John Hunter was a Scottish surgeon, and one of the most distinguished European 

scientists, anatomist and surgeons in the 18th century. He contributed to medicine 

in many fields, one of which was helping to improve understanding of human 

teeth, bone growth and remodeling. The Hunterian Society of London was named 

in his honour, and the Hunterian Museum at the Royal College of Surgeons 

preserves his name and his collection of anatomical specimens. 



36 

 

John Hunter was born in 1728 at Long Calderwood, eight miles from Glasgow, 

the youngest of ten children (Colyer, 1913; Homma, 1990). William Hunter 

(1718-1783), his older brother, was an accomplished doctor and anatomist who 

established a school of Anatomy in London. Their father died when John was 

10 years old. Since he was young at school, John Hunter used to spend his 

time in the countryside observing the life cycle, habits, and anatomy of various 

animals, birds, and insects. At the age of 13 years he completed formal 

education, and initially worked with his brother-in-law as cabinet-maker (Moore, 

2005).  

 

In 1748, when John Hunter was 20 years old, he became an assistant to his 

elder brother William in London who was more refined and sophisticated than 

John, and who concerned himself with social advancement and was much 

sought-after physician and obstetrician. John on the other hand concerned 

himself with training in surgery and working as a dissector in his brother’s 

school, where he dissected, prepared, and catalogued the various parts of the 

human body. The success of the school was mainly due to John’s efforts and 

the quality and number of anatomical specimens he prepared. The two 

brother’s relationship started to deteriorate when William began to publish his 

brother’s work under his name, including the work entitled ‘A Description of the 

Gravid Uterus’, which was based on dissections carried out solely by John 

Hunter and which confirm his excellent skill as a dissector. It was written by 

William and contained very little reference to his brother’s involvement (Moore, 

2005). 

 

In 1761, John Hunter stopped working with his brother after a serious episode 

of pneumonia, and joined the army as a war surgeon serving in France and 

Portugal for two years. When he returned to London in 1763 he was virtually 

penniless and without the finance financial resources to establish a private 

practice and work as a surgeon. He was given the opportunity of working as a 

dentist with James Spence, who was a well-known and respected dentist in 
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Gray’s Inn in London. Hunter performed surgical procedures in the oral cavity 

and restorative dentistry. He was fascinated by teeth, which he considered to 

be both ‘dead’ and ‘alive’ (King, 1994). He was interested in tooth 

transplantation, and while he achieved little by way of success, his experiments 

in the area are widely remembered to this day.  

 

Hunter’s house was filled with anatomical specimens of humans and animals. 

He was feared by many Londoners because of his interests in dissecting the 

dead. The setting of the novel ‘The Strange Case of Dr Jekyll and Mr Hyde’ by 

the author Robert Louis Stevenson was based on Hunter’s home in Jermyn 

Street (Moore, 2005). 

 

In 1767 John Hunter was elected a Fellow of the Royal Society, and in 1768 he 

was appointed as Surgeon to St George’s Hospital, London. He was one of the 

most famous anatomy and surgery teachers at St George’s. He taught some 

highly prospective pupils including Edward Jenner (1749-1823), who later 

discovered vaccination, and his brother-in-law and executor Everard Home 

(1756-1832). The early description of cementum on the roots of teeth was by 

Home, together with John Corse (Hoffman-Axthelm, 1981).  

 

In 1771 John Hunter published ‘The Natural History of the Human Teeth: 

Explaining their Structure, Use, Formation, Growth, and Disease’. The 

classification of teeth into categories of incisors, cuspids, bicuspids, and molars 

were introduced by him, and in this first edition he also included a description of 

the banding patterns in the tooth enamel now known as HSBs. He published a 

2nd edition in 1778 entitled ‘The Natural History of the Human Teeth’, and this 

included a supplement entitled ‘Practical Treatise on the Diseases of the Teeth: 

Intended as a Supplement to the Natural History of these Parts’.  He also 

published some textbooks on surgical and medical topics besides his oral and 

dental anatomy and pathology books. ‘The Digestion of the Stomach after 

Death’ (1772) is one of his noteworthy publications in which he described 
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shock; ‘A Treatise on Venereal Disease’ (1786) includes a detailed description 

of chancre; and ‘A Treatise on Blood, Inflammation and Gun-Shot Wounds’ in 

which he questioned the accepted need to surgically enlarge gunshot wounds, 

and he disproved the notion that gunpowder of itself was poisonous. 

 

Hunter achieved many high positions during his career. He was appointed as 

‘Surgeon Extra-ordinary to the King’ in 1776, established his museum in 

Leicester Square in London in 1783, and was appointed a deputy surgeon to 

the army in 1786, followed by promotion to Surgeon-General three years later. 

In 1793 Hunter died and was buried privately in St Martin-in-the-Fields, but he 

was re-interred in the north aisle of Westminster Abbey, London in 1859 

(Moore, 2005). 

 

Hunter’s collection of various specimens was stored in his house in Leicester 

Square after his death, and his apprentice Mr. Clift monitored the collection unti l 

it was purchased by the English government in 1799, and handed over to the 

‘Corporation of Surgeons’ on December 23, 1799, which afterwards became the 

Royal College of Surgeons of England. Clift was the first curator of this collection. 

The collection of John Hunter is stored in the museum of the Royal College of 

Surgeons at present, in Lincoln Inns Field, London. He built up a collection of 

animals whose skeletons and other organs he prepared as anatomical 

specimens, eventually amassing nearly 14,000 preparations demonstrating the 

anatomy of humans and other vertebrates. 

The Hunterian Museum at the Royal College of Surgeons preserves his name 

and his collection of anatomical specimens. There is a statue of Hunter situated 

in the main atrium of the Royal College building and a large portrait of John 

Hunter in the Council Chamber. 
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Unfortunately, following Hunter’s death his manuscripts were possessed by his 

executor and brother-in-law, Everard Home. Various sources, including the 

English government pressured him to hand over these manuscripts, but Home 

kept them. He selected material from the manuscripts and presented them as 

his own work, and burned a substantial portion of John Hunter’s manuscripts in 

July 1823 (Moore, 2005).  

 

Hunter described the structure of enamel and the appearance of what are now 

called Hunter Shreger Bands in his books. In the second edition of ‘The Natural 

History of the Human Teeth’ he described the structure of enamel as follows:  

 

“When it [enamel] is broken, it appears fibrous or striated; and all the fibres 

or striae are directed from the circumference to the center of the 

Tooth…This, in some measure, both prevents it from breaking in 

mastication, as the fibres are disposed in arches, and keeps the Tooth from 

wearing down, as the ends of the fibres are always acting on the food”  

         (Hunter, 1778). 

 

By these words, Hunter was precise and accurate in describing the function of 

these ‘fibres’ or HSBs, and their effect on enamel fracture and wear resistance. 

 

There are three illustrations in Hunter’s book of HSBs, given as figs. 21 - 23 in 

Plate XIV. In the first two illustrations alternating dark and light bands appear 

running from the amelo-dentinal junction (ADJ) to the external enamel surface 

(EES) in longitudinally-sectioned teeth. The third illustration shows a transverse 

section through the crown of a molar, with the same alternating light and dark 

bands radiating from the ADJ to the EES.  The author emphasized that “The 

Teeth must be broken to shew these facts”.   
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1.2.3.4. D. Schreger  

 

Although there is little information available about the life of Schreger, but what 

is available states that he was training with his elder brother in Erlangen, 

Germany when he published a manuscript entitled Beiträge zur Geschichte der 

Zähne or ‘a contribution to the history of the teeth’ under his name. In that paper 

he described the structure of enamel in the dentition of both human and animal. 

 

It was often accepted that Hunter and Schreger worked independently and 

without knowledge of each other (Hoffman-Axthelm, 1981; Homma, 1990), but 

reading Schreger’s paper proves the opposite as it includes several references 

to, and criticisms of, Hunter’s book. He criticised Hunter’s description of enamel 

being incomplete, containing insufficient information, and inaccurate. He 

published his own conclusions, and his descriptions have been confirmed as 

accurate in recent years (Osborn, 1965). The faults in Hunter’s descriptions 

which were found by Schreger include: 

 

• The description of the bands by Hunter as being straight, Schreger stated 

that they are curved by writing: 

 “…all of the bands run in arch shapes in human enamel, not - as 

Hunter says and illustrates - in straight rays. They course so that 

the concave surfaces are directed toward the crown and the convex 

toward the root of the tooth...”  

       (Schreger, 1800). 

This is incorrect because Hunter described the bands as having a curved 

appearance in Hunter’s text: 

 

 “…When [enamel] is broken, it appears fibrous or striated… the 

fibres are disposed in arches…”  

(Hunter, 1778). 
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• The illustration by Hunter of transversely-sectioned enamel were observed 

by Schreger as being incorrect, stating that these bands should have been 

illustrated in concentric circles. 

• No description of the appearance of the bands in animal teeth was included 

in Hunter’s text. 

 

Schreger described in his own investigations the appearance of the bands in 

animal dentitions with some illustrations (Fig.4). He examined the enamel 

structure of several animals including horses, sheep, and deer. He described 

the appearance of the bands in animal enamel as being more complex, and 

varying between different animal species. This characteristic can be useful in 

taxonomy to differentiate mammalian species according to the HSB 

arrangements within their dentition. (von Koenigswald and Sander, 1997d) 

 

There are doubts over Schreger’s first name. His paper was published under 

the name ‘D Schreger’, but he was identified later by some authorities including 

Hoffman-Axthelm (1981) and Homma (1990) as the well-known Christian 

Heinrich Theodor Schreger, on the bases that the ‘D’ may well be a misprint or 

a typological error for ‘Dr.’. If one reads Schreger’s paper on its own, the author 

does appear to be D Schreger. However, looking at the index to that volume of 

the Beiträge zur Zergliederungskunst, the second paper listed there is attributed 

to a D Isenflamm where the D again appears to indicate “Dr”, in this case Dr 

H.F Isenflamm (see page 450, below). 

 

It is worth noticing that the description of the HSBs has been credited by a large 

number of investigators to Schreger alone due to his influence in stimulating 

interest in the HSB phenomenon. It was up to the mid-20th century that HSBs 

were referred to as ‘Schreger lines’, or ‘Bands of Schreger’, with no recognition 

of the contribution of Hunter (Tomes, 1904; Pickerill, 1913; Hollander et al., 

1935; Staz, 1946; Erausquin, 1949; Darling and Crabb, 1956; Applebaum, 

1960; Lester, 1965). 
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Fig.4: Shreger’s illustration of the alternating dark and light bands in enamel 

speciemens from human and animal teeth reproduced from Beitrᾶge zur 

Gescichte der Zähne 

 

. 
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1.2.4. Later descriptions and investigations of HSBs 

 

1.2.4.1. Robert Blake 

 

Robert Blake (1772-1822) was an Irish anatomist who made observations on 

the structure of enamel similar to those made by Hunter. Blake was a popular 

dentist, and had a large dental practice in Dublin. His description of human and 

animal teeth in his thesis, ‘Disputatio medica inauguralis, de dentium formatione 

et structura in homine et in variis animalibus’, was published in Edinburgh in 

September 1798. In 1801 William Porter in Dublin republished Blake’s findings 

and translated into English, under the title of ‘An Essay on the Structure and 

Formation of the Teeth in Man and Various Animals’. A revised and updated 

edition was published many years after that (Cameron, 1886). 

 

Blake described in his thesis the enamel as a ‘cortex striatus’ which covers 

human teeth. He wrote,  

 

‘…on breaking a perfect tooth, we observe the cortex striatus composed 

of innumerable fibres, disposed upon the bony part of the tooth in the 

same manner as those of the articular cartilages over the extremity of the 

bone in the joint of the thigh, or any of the other very movable 

joints…these fibres are first formed or crystallised on the points or edges 

of the tooth, and they proceed very slowly, range after range, towards 

the neck where the terminate…’  

(Blake, 1801).  

 

The ‘fibres’ described by Blake were in a similar fashion to de la Hire’s 

‘filaments’, which are Hunter-Schreger Bands. Blake included no illustrations in 

his thesis but he provided English translations and passages from de la Hire’s 

and Fauchard’s description of enamel structure. Blake also used the writings of 
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John Hunter and ‘The Natural History of the Teeth’ as a reference. (Moore, 

2005).  

 

 

1.2.4.2. 19th Century Observations on the Appearance and Description of 

HSBs 

 

In the 19th century the descriptions of HSBs were mainly made by European 

investigators who attempted to explain the nature of HSBs. These investigators 

included inter alia Adolph Retzius, Meyer Fraenkel, Joseph Linderer, and 

Gustav Preiswerk. (Lynch, 2007a). 

 

In the early 1800s, the physiologist Johann Purkinje (1787 - 1869) contributed 

in the advancement of the practice of histological examination of tooth tissues. 

He invented the techniques of slice preparations and decalcified sections, and 

he also constructed the first microtome (Hoffman-Axthelm, 1981).  

 

In 1835, HSBs were described by a Swedish anatomist, Adolph Retzius (1796 - 

1860) who wrote “…a meeting of the parallel shadows of the cross-striations of 

the enamel fibres…” (Hoffman-Axthelm, 1981). The ‘brown striae’ in enamel 

were described by Retzius as well. These striae represent ill-understood 

chronological variations in enamel production, and are now named after him. 

 

Later in 1835, Fränkel published a thesis under the supervision of Purkinje, 

entitled “Observations concerning the internal structure of human teeth” 

(Fränkel, 1835). He explained in his thesis that the appearance of HSBs was 

due to the reflection of light by the alternating course of enamel prisms. His 

explanation was almost same as the currently-accepted explanation (Osborn, 

1965; Hoffman-Axthelm, 1981). Fränkel’s illustrations showed the general 

deposition of HSBs which was accurate, but the representation of their packing 

density was found incorrect in recent research (Lynch, 2007a). Fraenkel’s 
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illustrations indicated that HSBs packing density is greater in the cervical than in 

the cuspal regions. 

 

In 1837, the “Handbook of Dentistry” was published by Joseph Linderer (1809-

1878), in which he explained that the appearance of HSBs was related to the 

plane of section of the enamel prisms under investigation, when prisms being 

sectioned either “lengthwise or cross-wise”. His description was similar to 

Fraenkel, and very close to the contemporary explanation for the appearance of 

HSBs (Osborn, 1965; Hoffman-Axthelm, 1981). Linderer’s illustrations also 

showed inaccurate distribution of HSBs when groups of prisms are sectioned at 

alternating orientations (Lynch, 2007a) (Fig.5).  

 

The German physiologist Johann Czermak (1828-1873) proposed a similar 

concept in a paper published in 1850 (Czermak, 1850). The unmineralized 

features in dentine were also described by Czermak and named after him as 

the Inter-Globular Spaces of Czermak.  

 

It was concluded in the mid-1850s by a number of European authorities in the 

including Albert Koeliker (1817-1915), Adolph Hannover (1814-1894), and 

Wilhelm Waldeyer (1836-1921), that the appearance of HSBs was due to the 

changing orientations of enamel prisms (Hoffman-Axthelm, 1981). Waldeyer 

wrote “…he would ascribe a good part of these cross-lines or striations [HSBs] 

to the effects of enamel prism crossing…” (Hoffman-Axthelm, 1981). 

 

A significant explanation to the understanding of HSBs and enamel structure 

was made in 1895 by Gustav Preiswerk (1866-1946), who was a Swiss 

anatomist. He introduced the terms ‘Parazonien’ and ‘Diazonien’. These terms 

are still used in the literature relating to HSBs today. Parazones (‘Parazonien’) 

are the bands that appear bright under reflected light, while diazones 

(‘Diazonien’) are the dark bands (Fig. 6) (Hoffman-Axthelm, 1981). In the 

Parazones bands the orientation of sectioned prisms reflects incident light back 
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towards the observer so they appear white, while the diazones the orientation of 

prisms allows the light to pass through so they appear as dark lines. The 

appearance of these alternating light and dark bands is known as HSBs 

(Osborn, 1965; Osborn, 1990). Preiswerk’s description of the distribution and 

spacing of the parazones and diazones is incorrect in the same way as the 

description of Fränkel (Lynch, 2007a).  

 

 

1.2.4.3. First half of 20th Century Investigations into the Nature of HSBs. 

 

In the 20th century most of the investigations on HSBs were carried out by 

English-speaking investigators from New Zealand, the United Kingdom, North 

America, and Sweden. 

 

Arthur Hopewell-Smith published a textbook at the beginning of 20th century 

entitled The Histology and Patho-Histology of the Teeth and Associated Parts 

(Hopewell-Smith, 1907). He described in his textbook the structure of human 

enamel microstructure comprehensively, including the brown striae of Retzius, 

enamel spindles, and “the lines of Schreger”. Good quality photomicrographical 

examples of HSBs were included in Hopewell-Smith’s textbook. He described 

HSBs as resembling “…clouds of the cumulo-stratus type…” (Fig.7) He came to 

the conclusion that prism decussation causes the appearance of HSBs, by 

noting “…entire band-shaped layers of prisms alternately decussating in such 

as a manner to form lines…” He also cited the role of pigmentation within the 

prisms in the appearance of HSBs (Hopewell-Smith, 1907). The concept of 

“supplemental” enamel prisms was also presented by Hopewell-Smith. He 

suggested that these prisms do not arise from ADJ, but they fill the spaces 

between regular enamel prisms and radiate outward from the amelodentinal 

junction to the external enamel surface.  

 



47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: Hunter-Schreger Bands illustration drawn by Joseph Linderer (1837) in 

the textbook ‘Handbuch der Zahnheilkunode’. The illustration shows the groups 

of prisms at different orientation, but with inaccurate distribution and orientation 

of the dark and light bands. (Lynch, 2007a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6: The diazones and Parazones as depicted by Preiswerk (1895) 
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Fig.7: This picture shows clouds which resemble HSBs as described in 

Hopewell-Smith’s textbook, which correspond to altocumulus and stratocumulus 

in the modern classification of cloud types (Pretor-Pinney, 2006). 

 

 

Schreger Lines were also described by H.P. Pickerill who published an 

exhaustive and comprehensive description of the structure of dental enamel in 

1913. Some accurate images of his own specimens showing HSBs were 

included in his publication. Pickerill was able to demonstrate HSBs using both 

reflected and transmitted light (Pickerill, 1913). Pickerill correctly disagreed with 

Hopewell-Smith on the point that varying pigmentation within enamel prisms is 

responsible for the appearance of HSBs, but agrees with him in that the 

development of HSBs is due to alternating pattern of enamel prisms 

decussation.  Prickerill concluded in his investigations that the appearance of 

the Schreger Lines was due to varying optical densities of alternately 

decussating bands of enamel prisms. He reported that the prism bands which 

were cut longitudinally were more dense than those cut transversely. Pickerill 

felt by his conclusions that he had satisfactory solved the mystery of the 

appearance of Schreger Lines in enamel and was content with his conclusions 

(Pickerill, 1913). 
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At the beginning of the 20th century, dental radiographic techniques were 

introduced, which made the rationale for the ultimate cause of HSBs a bit 

confusing, as it was shown that HSBs can be seen in microradiographs and 

appear the same as when they are seen using reflected light in the same 

specimens (Applebaum et al., 1933; Hollander et al., 1935). This finding gave 

rise to the concept that the appearance of HSBs in enamel is due to regional 

variation in the calcification of enamel (Applebaum et al., 1933; Hollander et al., 

1935). Hollander et al. (1935) considered the work of many of the earlier 

investigators, such as Linderer (1837), Preiswerk (1895), and Hopewell-Smith 

(1907) who concluded that HSBs appearance was due to regional variation of 

calcification within enamel, but they were unable to explain the demonstration of 

HSBs patterns by microradiography.  The concept of variation in the degree of 

calcification in the enamel became very popular and was supported by many 

investigators in the following decade (Diamond and Weinmann, 1940; 

Weinmann et al., 1942; Orban et al., 1943). In 1946, it was demonstrated by 

Staz that HSB patterns arise from regional variations in calcification within an 

enamel specimen, and that these bands can indicate stages in the development 

and calcification of enamel (Staz, 1946). This concept begun to fade into the 

literature by 1950 due to growing doubts regarding it. Erausquin (1949) 

observed that the role of prism decussation as by Preiswerk’s diazones and 

parazones (1895) could not be ignored when attempting to interpret HSBs, 

despite the conclusions of Hollander et al. (1935), Diamond & Weinman (1940), 

Weinman et al. (1942), Orban et al. (1943), and Staz (1946).   

 

In 1956, Mortell & Peyton demonstrated the effect of acid-etching on the 

appearance of alternate HSBs, and his results supported the argument that the 

that the appearance of the bands was related to differences in calcification in 

the enamel. A differential staining between adjacent bands in prepared ground 

sections was demonstrated by Gustafson (1945) and Baud & Held (1956). The 

latter concluded that this was also a result of the differences of calcification 

between adjacent bands, where Gustafson (1945) suggested that the change in 
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prism direction was the cause of HSBs appearance.  Gustafson noted that the 

prism sheaths which were cut transversely were penetrated by stain more than 

the sheaths of prisms lying in the plane, and related the appearance of HSBs to 

changing prism orientation in addition to the regional variations in calcification 

(Gustafson and Gustafson, 1961). 

 

 Therefore, until the mid-twentieth century the exact reason for the appearance 

of Hunter-Schreger Bands was still unclear even though, various techniques 

were used to demonstrate the appearance of these bands such as micro-

radiography, acid- etching, and staining (Hollander et al., 1935; Gustafson, 

1945; Baud and Held, 1956; Mortell and Peyton, 1956). 

 

1.2.4.4. Jeffrey Osborn 

 

Jeffrey W. Osborn published a seminal paper in 1965, entitled: ‘The Nature of 

the Hunter-Schreger Bands in Enamel’. His explanation of the appearance of 

HSBs combined both concepts which were the changing orientations in prism 

direction and their interaction with incident light, and he showed that the latter 

was a consequence of the former. In an elegant series of experiments using 

microradiography, acid-etching, and staining he demonstrated that the 

appearance of HSBs was due to changing prism directions (Osborn, 1965). 

 

Osborn concluded that HSBs are related to the position of elevations and 

depressions produced during specimen preparation. The latter artifacts were in 

reality related to the enamel specimen’s abrasion resistance in different regions 

and not to the variations in calcification. He also concluded that these artifacts 

were an effect of the changing orientation of the enamel prisms relative to the 

prepared surface (Osborn, 1965).  
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Osborn’s description of the appearance of HSBs matched thee descriptions of 

many of the earlier investigators that it was due to change of orientation of 

adjacent bands of enamel prism when viewed using reflected light, as 

differently-orientated bands reflected incident light in different directions (Fig. 8) 

(Osborn, 1965). Osborn thus provided a satisfactory explanation for the 

appearance of HSBs, and his interpretations were confirmed subsequently by 

Hoffman & Gross (1966) and Sundström (1966).  

 

The distribution and orientation of enamel prisms were observed carefully by 

Osborn in describing HSBs. He noted the errors made by previous investigators 

on this subject, which affected the interpretation of obliquely-sectioned enamel 

prisms. Osborn elicited from his investigations the following facts about enamel 

prisms: 

 

• Specimens cut in transverse (horizontal) sections:  

Enamel prisms radiate outwards from ADJ to EES, and they also travel in 

obliquely vertical planes and not in a purely horizontal direction from the 

ADJ to EES. Therefore, individual prisms are cut off during preparation of 

horizontal sections, and they appear as ‘waves’ because of the profiles of 

obliquely cut prisms in these horizontal sections (Osborn, 1966; Osborn, 

1968b); 

 

• Specimens cut in longitudinal (vertical) sections: 

Enamel prisms pass from the ADJ to the EES in an oblique/ curved 

direction. It is not possible to follow a single intact enamel prism from ADJ to 

EES in a vertical section due to the undulating pattern followed by enamel 

prisms in a horizontal plane.  Therefore, first as we saw in horizontal 

sectioning, vertically-sectioned enamel will again result in an oblique cutting 

of the enamel prisms giving the appearance of parazones (longitudinally 



52 

 

sectioned prisms) and diazones (transversely-sectioned prisms) (Osborn, 

1966; Osborn, 1968b); 

 

• Specimens cut in tangential longitudinal sections: 

These sections are made in vertical planes cut in a direction perpendicular 

to that of the longitudinal sections cut in the axial plane of the tooth, so that 

the enamel prisms can be seen “head on” as they approach the EES from 

the ADJ. The enamel prisms appear as horizontal bands when examined, 

each about ten prisms deep. Deviation of enamel prisms within adjacent 

bands to the right or left of the viewed angle can be detected (Osborn, 1966; 

Osborn, 1968b). 

 

 Osborn examined the direction and inter-relationship of enamel prisms in 

different regions of the tooth (Osborn, 1966; 1968a; 1968c; 1968d).  From his 

investigations on the axial surfaces of the tooth, he noted (1968c) the 

followings: 

 

• in longitudinal/vertical axial sections a diazone/parazone arrangement 

appears, which produces the appearance of HSBs (Osborn, 1968c); 

 

• There is little evidence in human teeth that adjacent bands of prisms cross 

vertically. The prisms change direction in a horizontal plane (Osborn, 

1968c); 

 

• The deviation of enamel prisms in the horizontal plane as they move from 

ADJ to EES is less in the outer regions closer to the EES, Therefore the 

pattern of HSBs become less distinct closer to the EES  (Osborn, 1968c); 

 

• The number of HSBs that crosses each prism can describe its path from 

ADJ to EES, and the prism direction can be described from its relationship 

with HSBs. Also by the number of HSBs detected indicated how many times 
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a change in direction of the prism within the horizontal plane HSBs (Osborn, 

1966; Osborn, 1968c). For example, if an individual prism passes through 

four Hunter-Schreger Bands, then it will change orientation four times (Fig. 

9).  

 

Osborn also described the enamel prism at the cuspal regions of enamel, by 

noting (1968d): 

 

• Due to the tight “wrapping” of enamel prisms around the dentine cusp, HSBs 

can be seen in regions above the dentine cusp (Osborn, 1968d); 

 

• There are three patterns of HSBs in cuspal enamel: inter-digitating HSBs; 

radiating HSBs; and interlocking cusps (cup-shaped) (Fig. 10). However, 

Osborn was unable to describe a HSB pattern in cuspal enamel and found 

them to be indistinct (Osborn, 1968d); 

 

• When Osborn examined individual prisms in transverse (horizontal) 

sections, a ‘whorl-like’ pattern was evident close to the cusp tip.  Each whorl 

of prisms could be directed clockwise, or anticlockwise. This characteristic 

pattern was not confined to any particular tooth type, surface, or position in 

the mouth (Osborn, 1968d). 
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Fig.8: Osborn’s illustration of HSB patterns demonstrating their appearance 

were due to varying prism orientations rather than regional calcifications within 

enamel. (Osborn, 1965). A: The wedge-shaped Specimens in Osborn’s study 

prepared in vertical plane with 90-degree angle formed at the corner. The 

centre vertical line is the corner, and the side lines to the right and left of this 

line are perpendicular to each other. B: The appearance of HSBs which would 

be produced if they were due to regional calcifications. The elevations and 

depressions would be coincident on both sides. C: The appearance of HSBs 

which would be produced if there were a directional effect of enamel prisms. 

The elevations and depressions would not be coincident. 

 

 

 

 

 

 

 

 

Fig.9: The changes in Prism orientation from HSB patterns. If a single prism 

passes from ADJ(a), to EES(d), a change in the direction of the prism will occur 

by each HSB crossed. a-b= dark HSB, b-c= light HSB, c-d= dark HSB; the 

movement of prism in the transverse horizontal plane is depicted by the wavy 

line with an arrowhead (Osborn, 1968c; Lynch, 2007a). 
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Fig.10: The arrangement of HSBs which occur at cusp tips as described by 

Osborn: a. cup-shaped, b. radiating, c. interdigitating (Osborn, 1968d). 
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The direction and inter-relationship of enamel prism in the cervical regions of 

enamel were also described by Osborn (Osborn, 1968d), and he concluded  

that in the cervical regions HSB patterns are poorly defined, and sometimes 

absent. 

 

Osborn also described the orientation and inter-relationship of prisms in all 

regions of human enamel (Osborn, 1968d). He noted that HSBs occur in a 

greater density over the curved surfaces of molar teeth and cusps of posterior 

teeth than over the flatter surfaces of incisor teeth (Osborn, 1973). Osborn 

reported but only as an opinion, that the resistance of enamel to fracture would 

be greater with increased density of HSBs (Osborn, 1968c). 

 

In 1990 Osborn demonstrated that the shapes of HSBs do not correspond 

precisely with the shapes of the parazones and diazones (Osborn, 1990). He 

explained this is related to the angle of the incident light, meaning that when the 

incident light and observer are perpendicular to the specimen surface, the 

shapes and position of the parazones/diazones should correspond with the 

HSB pattern. However, when either the angle of the incident light, the angle of 

the observer viewing the specimen, or the orientation of the prepared enamel 

surface are varied, this will affect the shape and position of the HSBs and will 

not correspond to that of the parazone/diazone arrangement (Osborn, 1990). 

 

1.2.4.5. Chris Lynch 

 

During the 20th century most of the published descriptions of HSBs in the 

literature were investigations into the reason for the appearance of HSBs, but 

no attempt had been made to quantify the distribution of these structures within 

enamel. Some diagrams of HSB patterns were included in the work of 

investigators such as Fränkel, Linderer, Preiswerk, and Osborn, but they 

showed poor understanding of the distribution and spacing of HSBs (Osborn, 

1965, 1966, 1968b, 1968c, 1968d, 1990; Hoffman-Axthelm, 1981). Only one 
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attempt was made in the 20th century to quantify the distribution, packing 

density, and orientation of HSBs, and this was published as a conference 

abstract from the Irish Division of the International Association for Dental 

Research (O’Connell and O’Sullivan, 1986). A transillumination technique was 

used in this study to reveal 3-dimensional HSB patterns. The investigators 

examined variations in the packing density of HSBs in a premolar tooth, and 

demonstrated that the HSBs were narrower and more crowded over the cuspal 

and marginal regions than in the cervical regions. This conclusion was proven 

to be accurate later by Lynch in 2007.  

 

In the 21st century, Christopher Lynch completed a detailed quantitative study of 

HSBs in human tooth enamel on the axial and occlusal/incisal surfaces, 

sectioned in both the buccolingual and mesiodistal planes in a representative 

sample of 160 human teeth, which was the largest sample size practicable. A 

privately-owned research bank of teeth was made available to facilitate his 

work. He also considered if their occurrence had clinical implications for the 

functioning tooth. Some of the significant findings of his study include: 

 

• Regional variations were found in the distribution of HSB patterns 

throughout the crown of the tooth, with dense packing densities in some 

regions and loose packing densities in others; 

 

• The packing density of HSB were found greater at areas of high functional 

demand and greatest occlusal loads, such as the occlusal surfaces of 

posterior teeth and guiding surfaces of maxillary and mandibular canines. 

Statistically significant differences were found in the mean HSB packing 

densities in these regions in comparison to those in non-load-bearing 

regions; 

 

• HSB patterns and the behavior of ameloblasts forming enamel prisms during 

amelogenisis seem to be guided by a genetic/evolutionary process, which 
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controls that act to increase the resistance of human tooth enamel to 

fracture and wear. These patterns are the same observed in the animal 

kingdom but it has been a hitherto unrecognised feature of human 

dentitions; 

 

• A consideration of HSB packing densities and patterns are important in the 

understanding of modern clinical dental treatments, such as the bonding of 

adhesive restorations to enamel, vital tooth bleaching, and in the 

development of conditions, such as abfraction and cracked tooth syndrome. 

 

 

1.2.5. Clinical implications of HSBs 

 

The packing densities of HSBs are considered a factor in the development and 

progress of certain clinical conditions which affect enamel, including tooth wear, 

the resistance of enamel to fracture, cracked tooth syndrome, enamel bonding, 

abfraction, vital tooth bleaching (Lynch, 2007a; Lynch et al., 2010; Lynch et al., 

2011), by virtue of the surface irregularities they produce in the enamel. 

 

A recent study showed that the pattern variation of the HSBs can be used for 

personal identification in the same way that as finger prints are (Ramenzoni and 

Sérgio, 2006). They used automated biometrics-based personal identification 

systems, which is a ubiquitous procedure in present times, to record the pattern 

variation of the HSB, referring to the bands as toothprint. Since dental enamel is 

the most densely mineralized tissue of human body and resists post-mortem 

degradation, it can be used for personal identification. It was shown in that 

study that HSBs could be examined and photographed directly from the mouth 

without any sectioning or special preparation (Fig.11) They selected the Incisor 

teeth because they are frontal, and easier to take measurements from them.   
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Fig. 11:  HSB pattern documented in vivo with fibre light source. (a, b) Bands were visible 

from the cervical to the mid coronal region of the tooth. (c) Contrast enhancement by the 

software COREL PHOTO PAINT 9 (Corel Corporation). (d) Extracted images on automated 

biometrics-based personal identification software (VERIFINGER DEMO 4.2 SDK/FINGERSEC). 

(Ramenzoni and Sérgio, 2006)  

1.2.6. HSBs in other mammalian dentitions 

 

Primitive enamel prisms or prism-like structures have been reported in 

therapsid reptiles dating back to about 180 million years ago, (Sahni, 1987), 

and some other reptilian groups (Torii, 1998), but mammals are characterised 

by having prismatic enamel (Poole, 1956; Osborn and Hillman, 1979; Line and 

Novaes, 2005). 

 

More information is available in the literature about enamel microstructure in 

animal species than in humans, including prism interrelationships. Animals are 

known to have variation in the characteristics of their enamel microstructure, 

hence animal species have been classified, or ordered, on that basis (Boyde & 

Fortelius, 1986; von Koenigswald and Sander, 1997a, 1997b, 1997c, 1997d). In 

addition, it was proven that an evolutionary mechanism and functional demands 

on individual species’ dentition, which caused many of enamel microstructural 

features, including enamel prism decussations, and HSBs (von Koenigswald 
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and Sander, 1997d; Rensberger, 1997). In animal studies, the term 

‘Schmelzmuster’ can be used to describe the spatial distribution of enamel 

types observed in animal species, (von Koenigswald & Sander, 1997c). The 

phylogeny or the evolutionary closeness degree of fossilized animal species 

can be determined from the examining their enamel prism interrelationship or 

the Schmelzmuster (von Koenigswald, 1980). 

 

 In 1997, a large study on animal dentitions was done on carnivorous mammals, 

which showed that HSB patterns in these species can be different from HSB 

patterns in humans, which normally appear straight or curved depending on 

their position within the crown of the tooth under inspection. In addition, the 

HSB patterns in carnivorous mammals can be more complicated in their 

arrangement, with three distinct patterns of HSB arrangements, which have 

been described in carnivorous mammals (Steffen, 1997) (Fig. 12): 

 

1. Undulating HSBs:   

These are similar to human HSBs, but feature a more sinuous path. They 

appear like waves and troughs instead of being curved or straight in one 

direction only. At the tops of the waves or the bases of the troughs a change 

of direction occur, and is usually greater than 140 degrees. Bifurcation of 

undulating HSBs commonly occurs (Steffen, 1997);  

  

2. Acute-angled HSBs:  

This type is a more “extreme” form of undulating HSBs, as it is similar to 

undulating HSBs, but features an acute-angled directional change, usually 

between 70° and 140°, at either the tops of the ‘waves’ or the bases of the 

‘troughs’, while following a sinuous course. Bifurcation is also common in 

this pattern. 
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3. Zig-zag HSBs: 

This type of HSBs patterns is different from both undulating and acute-

angled HSBs. The ‘waves’ and ‘troughs’ are still a feature of this pattern, but 

it has a far more acute-angled than what is observed in the undulating and 

acute-angled patterns. An angle between 50° to 70° has been recorded at 

the directional change either at the tops of the ‘waves’ or bases of the 

‘troughs’. Only at the tops of the ‘waves’ or bases of the ‘troughs ’that 

bifurcations occur. The crests and troughs are linked by vertical 

connections. 

 

Several combinations of these pattern can be present in different arrangements 

within an individual dentition. However, the acute-angled form does not occur 

alone (Steffen, 1997). The following rules seemed to be followed by these 

combinations, the Schmelzmuster, or description of the enamel prisms 

distribution and prism interrelationships: 

 

• The undulating and the ziz-zag HSB patterns may occur exclusively within 

an individual tooth such as in carnivorous mammalian families like the 

extinct Miacidae, which is an early ancestral group from the paleocene and 

eocene epochs, Herpestidae (mongooses), and Procyonidae (raccoons). 

The acute-angled HSB patterns rarely occur alone, and Hyaenidae species 

(hyenas) are an example of carnivores containing zig-zag HSB patterns 

exclusively. 

 

• When a combination of patterns is present in teeth, a consistent 

arrangement is usually found where the undulating patterns occur in the 

cervical and often mid-coronal regions, and in the upper coronal and cuspal 

regions acute-angled patterns are often present. The zig-zag patterns 

usually occur at the cusp tip.  
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a.  b.  

c.  

Fig.12:  Shows the three different patterns of HSBs in non-human 

mammalian species (Steffen, 1997) a. Undulating HSBs; b. Acute angled 

HSBs; c. Zig-zag HSBs 
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• This mixed arrangement of HSB patterns was noted to occur in two broad 

arrangements, which are as follows: 

 

1. A consistent transition between different patterns at occluso-gingival 

height throughout all teeth in an individual dentition/ animal. This occurs 

in families containing species such as: Canidae (wolves, foxes), Ursidae 

(bears), and Otariidae (fur seals, sea lions), amongst others; 

 

2. A consistent transition between different patterns at occluso-gingival 

heights within teeth of the same type (e.g., incisors), when comparison of 

animals from the same species is done.  This consistent transition would 

not occur at the same occluso-gingival height when comparing teeth 

from different tooth types (e.g., premolars and canines). For example, 

this occurs in genera containing species like Canis (dogs), Pliocyon and 

Amphicyon (bear-dogs).   

  

In 2011, a study was published by von Koenigswald et al. about the diversity 

and evolution of HSB configuration in tooth enamel of perissodactyl mammals. 

Four different HSB configurations were observed in the teeth of fossil and 

extant Perissodactyla, which exceeds the number observed in Artiodactyla or 

Proboscidea, and they represent two different evolutionary pathways. (von 

Koenigswald et al., 2011) 

 

The term “configuration of HSB” has been used to refer to the course of a HSB 

as it passes through enamel, intersecting the outer enamel surface(OES) or a 

tangential plane parallel to enamel-dentine junction (EDJ), when viewed 

through the side of a tooth (buccal, lingual, mesial, or distal). In order to see the 

HSB configuration, a section parallel to the OES and EDJ, passing through the 

layer with HSB, is required. The four different HSB configuration which were 

found based on external observation and examination of tangential sections 

were as follow: (Fig. 13): (von Koenigswald et al., 2011) 
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• Transverse HSB: The HSB appears generally parallel to the occlusal 

surface and the cervical margin, and in premolars and molars they are 

essentially horizontal. Minor differentiations are often shown in the HSB but 

remain transverse otherwise. In worn occlusal surfaces, these HSB intersect 

the enamel prism when it has been cut through obliquely. 

 

• Curved HSB: In this HSB configuration, the transverse HSB curves toward 

the occlusal surface of the enamel intersecting the shearing blades of the 

tooth at a large angle. This configuration is strictly related to specific areas 

of the tooth morphology, but it always combined with transverse HSBs in 

other parts of the teeth. Curved HSBs from different directions may meet at 

a characteristic interface, which may be indicated by a distinct groove on the 

OES. The curved HSBs occur mostly in prominent crests in upper and lower 

cheek teeth.  

 

• Compound HSB: A specific type of transverse HSB configuration was 

found as an inner zone and vertical HSB in an outer zone. No specific areas 

in the tooth morphology is related to the occurrence of vertical HSB, but it 

may be related to enamel thickness. Difference in the relative thickness of 

the inner and outer zones may occur, which makes it more difficult to identify 

this type of HSB.  

 

• Vertical HSB: The HSBs are vertically oriented in this configuration, and are 

more or less straight rather than wavy or curving, on all sides of the tooth 

from the cervical margin up to the occlusal surface. Same as the compound 

HSB, the occurrence of vertical HSB is not related to the tooth morphology. 

They exhibit unidirectional bifurcation like the transverse HSB. No interfaces 

are present in vertical HSB because they do not converge as in the curved 

HSB configuration. The intersection of the HSB with the occlusal surface 

causes cross−ridges, and are very characteristic of vertical HSB.  
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Fig.13: Schematic illustration of the four configurations of HSBs found in 

Perissodactyla: A. Transverse HSB configuration. B. Curved HSB configuration 

with interface. C. Compound HSB configuration with transverse HSB in an inner 

layer and vertical HSB in an outer layer. D. Vertical HSB configuration (von 

Koenigswald et al., 2011). 
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1.2.7. Mammalian teeth evolution and HSBs 

 

Human teeth and to a lesser extent, other mammalian teeth, were the first 

objects of investigation of odontology, and the teeth of other vertebrates were 

studied much later. It was clearly suggested by comparative anatomy and 

paleontology that mammals have evolved from synapsid reptiles in a 

phylogenetic progression documented by fossils. At the risk of over-

simplification, there are two opposed theories explaining how this transition 

affected the teeth: the concrescence theory and the differentiation theory 

(Peyer, 1968). 

 

1. The Concrescence Theory:  

This theory assumes that the origin of mammalian teeth was by fusion of the 

anlagen of originally discrete reptile teeth, meaning a multicuspid mammal 

molar is formed by fusion of a number of primordial conical teeth. Therefore, it 

was first assumed that each cusp represented what was originally a separate 

tooth, but a difficulty arose when the later multituberculates had more cusps 

than the ancestral forms. Two kinds of fusion were then suggested after close 

comparison with reptiles: firstly, the fusion of teeth located along the edge of the 

jaws in anteroposterior rows, and secondly, the fusion of teeth with their 

successive generations of teeth in labiolingual rows, i.e. between a functional 

tooth and one or more replacement teeth.  

 

Louis Bolk (1913, 1914, 1919) modified the original concrescence theory into a 

concentration theory, in which the principle remained the same, but his theory 

proposed that the mammalian molar originated from several structures that are 

morphologically equivalent to the tooth anlagen of reptiles. Bolk assumed fusion 

of tooth anlagen located in labiolingual direction or in a cross row instead of 

tooth anlagen located one behind the other on the edge of the jaw. His 

theoretical concepts are based on the arrangement of individual teeth and 
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replacement teeth of polyphyodont dentition as it occurs mainly in sharks, and 

in some amphibians and reptiles. (Peyer, 1968) 

 

2. The Differentiation Theory: 

This theory states that even the most complicated mammalian molar has 

originated from a simple conical tooth anlage. It is mainly supported by 

paleontologists, while embryologists and dentists tend to favour the 

concrescence theory. 

 

The differentiation theory can be described as follows: 

• Haplodont Tooth: the simple conical teeth found in many reptiles are 

called “haplodont” from the Greek haplos “simple”. The simple conical 

teeth of toothed whales and dolphins have originated from the more 

complicated teeth of their ancestors by a process of secondary 

simplification. 

• Protodont Tooth: Is a tooth derived from a haplodont predecessor, and is 

distinguished from the haplodont form by having two diminutive 

additional cusps. 

• Triconodont Tooth: Is the tooth formed by the formation of notable 

anterior and posterior accessory cusps from little cusplets of the 

protodont. “Protocone” is the name of the primary middle cusp in the 

upper jaw, “Paracone” is the name of the upper anterior accessory cusp, 

and “metacone” is the posterior distal cusp. The opposing cusps of the 

teeth in the lower jaw are named the same with addition of “id” at the 

end, therefore, the are called “protoconid”, “ paraconid”, and “metaconid”.  

The three points of the cusps lie in straight line parallel to the edge of the 

jaw, and the accessory cusps change their position according to the 

main cusp so that they form a triangle with the main cusp, which is called 

“Trigon” in the upper jaw and “trigonid” in the lower jaw. Because the two 

triangles have different orientations in the upper and lower jaws, their 
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terminology differs (Fig.14). This differentiation occurred in the course of 

evolution to provide perfect occlusion. 

 

  Fig.14: Illustration of the tribercular theory after Osborn from  (Peyer, 1968). 

 

In many mammals, the evolution of the molars and premolars occurred with 

further differentiation in order to produce high functional efficiency of the 

dentition. The same goes for enamel prism decussation patterns, which have 

developed, according to the evolutionary evidence, to enable efficient function 

of individual teeth, and reduce their risk of fracture. It was found that one of the 

evolutionary indicators is the close association between prism decussation and 

body size. For example, enamel prism decussation has been found in almost all 

mammals with molars larger than 4mm in diameter, whereas no prism 

decussation was detected in smaller animals (von Koenigswald et al., 1987) 

(Rensberger, 1997). The only exception to this are rodents, who are small in 

size with small teeth, but with proportionately larger masticatory muscles than 

other mammals, which generates large occlusal forces are on their teeth. 

Extensive enamel prism decussation is found in their relatively small-sized 

teeth; this is thought to prevent or limit fracture plane progression (von 

Koenigswald et al., 1987).  
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It is of interest to consider those large mammals who lack HSBs. Few examples 

of such mammals are found, the best-known primitive example being the 

condylarth Periptychus. None of these mammals has any ability during 

mastication to concentrate high stresses within their teeth, which could be the 

reason for the absence of HSBs in their tooth enamel. Whales, dolphins, and 

porpoises are the best examples among the modern cetaceans of such 

mammals (Rensberger, 1997).  

 

In addition, further evidence is provided from fossil specimens when 

mammalian evolution progressed at greatly increased rates, in those ancient 

days following the extinction of the dinosaurs almost 65 million years ago. 

Mammals had a more precise tooth morphology which led to very efficient 

occlusal relationships, but were diminutive in size and insectivorous before this 

period, but after the extinction of the dinosaurs, a dramatic evolution of 

mammals occurred with the rapid emergence of large-bodied carnivorous and 

herbivorous mammals.  With the increase in body size, the teeth and muscles 

of mastication also increased considerably, which caused a significant increase 

in the occlusal load on the dentitions of these rapidly evolving creatures. 

Therefore, the teeth of these mammals were vulnerable to fracture due to the 

rigidity of their highly mineralised enamel, and the stress put on them with their 

brittle nature. Teeth with stronger enamel that would resist abrasion and 

fracture evolved with selection patterns in these mammals, and this was 

discovered with the examination of mammalian fossils from the early Paleocene 

epoch. From this, the first evidence of enamel prism decussations was 

observed.  (von Koenigswald et al., 1987; Rensberger, 1997). 

 

In conclusion, therefore, the development of HSBs patterns and enamel prism 

decussation are most likely have developed as an evolutionary selection 

process. This change in enamel structure must have been mediated by the 

movement of ameloblasts. This movement in turn must be caused by varying 

pressures within the developing enamel front (Lynch, 2007a; O'Sullivan, 2010). 
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1.2.8. Dromedary camels 

 

1.2.8.1. Introduction  

A camel is an animal that belongs to the genus Camelus. It is called the “Son of 

the Desert” (Zaki, 1982). It is also called the "Ship of Desert” as humans have 

depended on camels in crossing dessert since antiquity and there are a lot of 

stories and historical epics that attest to this old triple correlation between the 

man and the camel and the desert (Saada, 2005). It is distinctive by having 

humps on its back bearing fatty deposits.  There are six living species in the 

family Camelidae: the true camels, dromedary and Bactrian, and the four South 

American camelids, alpaca, guanaco, llama and vicuña (Fig.15). 

 

Camels originated in North America and not in Asia as it was first thought. This 

was about 40 million years ago, and they spread to South America at the end of 

Eocene period. The direct ancestor of all modern camels, Procamelus, evolved 

three million years ago. Within one million years, its descendants had moved 

into South America (where they would eventually become the vicuña, alpaca, 

and llama) and Asia (where they would become the bactrian and dromedary 

camels) (Saada, 2005).The Dromedary has one hump and is native to the 

Middle East and the Horn of Africa; the Bactrian has two humps and they 

inhabit Central Asia (Wikipedia, 2014). Not sufficiently separated by genetic 

drift, these Asian and South American camels can still be artificially crossbred. 

 

The earliest fossil camel to be found was during the Eocene period 40 to 50 

million years ago and called Protylopus. It lived in North America in the open 

woodlands of what is now South Dakota, and was about the size of a rabbit. 35 

million years ago, the Poebrotherium had many more traits similar to camels 

and llamas and was the size of a goat. Around the same time, the hoofed 

Stenomylus also existed, which walked on the tips of its toes, and in the 

Miocene the long-necked Aepycamelus evolved (Crystalinks.com, 2016). 
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Through trading and military uses, the range of camels was extended 

considerably. In 2015 a complete camel skeleton was dug up from a 17th-

century Austrian cellar, and evidence showed that it was a valuable riding 

animal in the Ottoman army. Evidence showed that it was left behind or traded 

in the town of Tulln following the Ottoman siege of nearby Vienna in 1683.  It 

was found from the DNA analysis that it was a Bactrain-dromedary hybrid, 

popular in the army, and is the first intact camel skeleton found in central 

Europe. There were some bone adaptations in the skeleton suggesting that it 

wore a harness and was ridden (Crystalinks.com, 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.15: Representation of the classification of the dromedary and other 

Camelidae (Mukasa-Mugerwathe, 1981). 
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1.2.8.2. Dromedary Camels 

The dromedary camel or Arabian camel (Camelus dromedarius), the animal 

at the centre of the present study, is a large, even-toed ungulate, with one 

hump on its back (Fig.16). Today it occurs widely in North Africa, South Asia 

and the Middle East. A feral population of dromedaries is found in Australia. 

 

 

 

 

 

 

1.2.8.3. Evolution 

Although both camels and llamas evolved from common North American 

ancestors over 1 million years ago, no significant karyotypic differences exist 

between the various species, except for sex differences. Some studies showed 

that each of the guanaco, Bactrian and the dromedary camels have 74 

chromosomes, similar to the number found in the llama, alpaca, guanaco and 

vicuña. Therefore, it was concluded that a single gene mutations or minor 

chromosome rearrangements has caused the evolutionary changes that 

occurred in camels. (Mukasa-Mugerwathe, 1981) 

It was reported that the earliest Old World camels, which probably reached 

North Africa, were related more to the two-humped camel (Camelus 

bactrianus). Then this North African camel became extinct, and the dromedary 

camels were subsequently reintroduced to the continent instead (Mukasa-

Mugerwathe, 1981). 

Fig. 16 Dromedary Camels at the camel farm in Bahrain 
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Therefore, the modern one-humped camel or dromedary is thought to have 

evolved from the two-humped Bactrain species. The name dromedary is 

derived from the Greek word dromados, which means “running”. The theory of 

dromedary camel evolution from the Bactrain is partly based on embryological 

evidence, which showed that during prenatal development the dromedary 

foetus actually has two humps, and a vestigial anterior hump is present in the 

adult. The one-humped species evolved in one of the hotter and more arid 

areas of western Asia. Nowadays, the two species can and often do interbreed 

indicating they should more properly be considered as one species with two 

varieties. The phenotypic differences between the two types tend to diminish in 

some areas of bordering distribution, such as north Punjab, Persia and 

Afghanistan, due to the crossbreeding between them. (Mukasa-Mugerwathe, 

1981) 

 

1.2.8.4. Distribution 

In the early 21st century, domesticated dromedary camels are found in the 

semi-arid to arid regions of the Old World. 80% of the world's total dromedary 

population is found in Africa; (Mukasa-Mugerwathe, 1981; Wikipedia, 2014) in 

almost every desert zone in the northern part of the continent. The yearbook of 

the Food and Agriculture Organisation (FAO) for 1984 stated that eastern Africa 

had about 10 million dromedaries, which was the largest camel population in 

Africa. Followed by western Africa which had 2.14 million, while northern Africa 

had nearly 0.76 million. From 1994 to 2005 an overall increase of 16% in those 

populations was reported (Wikipedia, 2014). Currently, 35% of the world's 

dromedaries are found in the Horn of Africa, most of which are in Somalia, 

followed by Sudan and Ethiopia. 

  

In 1840, feral dromedary populations were introduced in Australia. They were 

imported into Australia from British India and Afghanistan during the 19th 

century for transport and construction. This was during the colonisation of the 

central and western parts of Australia. In the early 20th century, when 
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motorised transport replaced the use of camels, many of which were released 

into the wild, resulting in a fast-growing feral population. In 2005, the total 

dromedary population in Australia was reported to be 0.5 million. Nearly 99% of 

the populations are feral, with an annual growth rate of 10%. Only few Bactrain 

camels are found in Australia, and most of the feral camels there are 

dromedaries. Western Australia has most of the dromedaries, with smaller 

populations in the Northern Territory, Western Queensland and northern South 

Australia.  

 

Nearly 70% of the population of dromedary camels in Asia occurs in India and 

Pakistan where 21% decrease of the combined population of the dromedary 

and the Bactrian camel was reported between 1994 and 2004. In Afghanistan, 

Pakistan, and central and southwestern Asia, the dromedary is sympatric with 

the Bactrian camel. In absolute numbers a dromedary population of close to 

one million is found in India, 0.67 million of which in the state of Rajasthan. 

According to the FAO, a decline from 1.1 million in 1994 to 0.8 million in 2005 (-

29%) in the populations was reported in Pakistan. In 2003, the dromedary 

population was nearly 0.67 million in six countries of the Persian Gulf 

(Wikipedia, 2014). 

 

1.2.8.5. Classification 

There are a number of classifications of dromedary camels into subcategories.  

 

They were classified in 1927 according to their natural breeding areas into: 

(Mukasa-Mugerwathe, 1981) 

(i) hill camels: they are small compact muscular animals fit for work as 

baggagers,  

(ii) plains camels: they are larger animals which are subdivided into riverine and 

desert types. The riverine camels are slow in movement but heavy baggagers, 

while the desert types are most riding animals and light.  
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A third group has also been identified, which are intermediate between hill and 

plains animals. 

 

Dromedaries can also be classified according to their morphology into three 

groups: 

(i) the brachymorphic dromedary which is a large and heavy animal typified by 

the Egyptian caravan camels;  

(ii) the mesomorphic dromedary which is a lighter animal exemplified by the 

Libyan camel;  

(iii) the dolichomorphic dromedary which is common among the Saharan 

peoples, like the lean, swift Mehara camels. 

 

In the Persian Gulf region, the dromedary is locally classified into breeds such 

as Al-Majahem, Al-Hamrah, Al-Safrah, Al-Zarkah and Al-Shakha, based on coat 

colour. In the UAE, there are three prominent breeds of dromedary camels, The 

Racing Camel, Al-Arabiat and Al-Kazmiat (Wikipedia, 2014). 

 

The Murrah of Arabia, are of three types: the beast of burden (baggager), the 

riding and the milking camel. Each of these broad classes are subdivided into 

numerous breeds and types of dromedary, which have been bred and raised 

under domestication to suit local conditions (Mukasa-Mugerwathe, 1981). 

 

In Africa, the names of the dromedary breeds and types found often reflect the 

locality or country where the animals are raised, the people who breed them or 

simply the animals’ colour. They do not classify them into any division such as 

work, riding or milking breeds. Therefore, the same camel types, with a 

common ancestry but occupying different geographical areas, can be labelled 

as two separate types or breeds; A comprehensive and systematic 

classification of camel breeds remains to be achieved (Mukasa-Mugerwathe, 

1981). 
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1.2.8.6. Physical Description 

The domedary has an average life expectancy of 40 to 50 years (Zaki, 1982). 

This is one of the two largest living camels, alongside the Bactrian camel. Adult 

male dromedaries grow to a height of 1.8–2 m (5.9–6.6 ft) and females to 1.7–

1.9 m (5.6–6.2 ft). Male weigh in the range of 400–600 kg (880–1,300 lb), and 

females are usually 10% lighter. Very large males can weigh as much as 1,000 

kg (2,200 lb). They adapt in body temperature that ranges from 34°C to 41.7°C, 

to conserve water. They have a light brown pelage, with the undersides even 

lighter. Darker colors have also been created through selective breeding. Male 

dromedaries have a soft palate, which they inflate to produce a deep pink sack, 

which is often mistaken for a tongue, called a doula in Arabic, hanging out of 

the sides of their mouths to attract females during the mating season. 

Dromedaries also have thick eyelashes and small, hairy ears. They have two 

toes on each foot, appearing like flat pads. Their hump is made of fat bound 

together by fibrous tissue. Unlike many other quadrupeds, camels move both 

legs on one side of the body at the same time so they swing from side to side 

as they walk moving both feet on the same side of the body simultaneously, 

then the same movement is repeated on the other side of the body. The 

advantage of this locomotion is that since camels have long legs, relatively 

short bodies, and large feet, this unusual gait help to prevent fore and hind feet 

from getting in each other’s way. Like giraffes the camels gallop, and in 

galloping, both forelegs swing back while both hind legs are swinging forward, 

offering plenty of scope for collisions. This explanation of the giraffe’s and 

camel’s pacing walk is supported by the fact that some long-legged breeds of 

dog also pace instead of trotting (Hill, 2014). The dromedary camel exhibits 

sexual dimorphism, as both sexes differ in their appearances (Kὃhler and 

Rollefson, 1991; Wikipedia, 2014). 

 

1.2.8.7. Diet 

Their diet consists mainly of dry grasses, foliage, and available desert 

vegetation. They use their lips to grasp the food, and then chew each bite 40-50 
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times. They keep their mouth open while chewing thorny food (Wikipedia, 

2014). Extensive tooth wear is usually detected in the teeth of dromedary 

camels (Camels Australia Export, 2016), which could be the reason of their diet 

and jaw movement as well as the composition of their tooth enamel. This will be 

discussed in more details later in this study, and it is one of the reasons to carry 

out this research and examine the HSBs in the tooth enamel of this animal and 

compare it to human teeth.  

1.2.8.8. Adaptations 

Dromedary camels are well adapted to their desert habitat. As mentioned 

earlier, they have a double row of eyelashes and unique ability of closing their 

nostrils to enable them withstand sandstorms by preventing the sand and dust 

from entering. Dromedaries can conserve water by adjusting their body 

temperature throughout the day from 34-41 degrees Celsius, which saves water 

by avoiding perspiration at the rise of the external temperature. Also, they avoid 

excess heat from the environment by pressing against each other in groups. 

Dromedary camels can tolerate greater than 30% water loss, which is almost 

impossible for most other mammals. Water is expended primarily from 

interstitial and intracellular bodily fluids. They have the unique capability of 

drinking 100 L of water in just 10 minutes. A very thirsty animal can drink up 

even 30 gallons (135 liters) of water in only 13 minutes and on one occasion a 

dehydrated camel has been observed to drink 200 liters in just three minutes 

(Kὃhler and Rollefson, 1991; Wikipedia, 2014). 

The dromedaries can store up to 80 pounds (36 kilograms) of fat in their hump, 

which is a useful food reserve, utilized when sustenance is not available. When 

the camel is starving, the hump is small. They have longer hair at the throat, 

hump and shoulders. The dromedary pads widen under its weight when it steps 

on the ground. This prevents the dromedary from sinking too much into the 

sand. Their thick lips help in eating coarse and thorny plants (Saada, 2005).  
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1.2.8.9. Reproduction 

Dromedary females reach sexual maturity around 3 years of age and mate 

around age 4 or 5. Males begin to mate at around 3 years of age, but do not 

reach full sexual maturity until 6 years of age. They breed during the winter. 

During the reproductive season, males splash their urine on their tails and 

nether regions. Males also extrude their soft palate, gurgling copious saliva, 

which turns to foam covering the mouth (Fig.17). 

Copulation time ranges from 7–35 minutes, averaging 11–15 minutes. The 

gestational period is 15 months, after which a single calf is born. Calves can 

move freely by the end of their first day. Nursing and maternal care continues 

for 1–2 years (Wikipedia, 2014).  

 

1.2.8.10. Uses 

Dromedaries are used for riding, transport and agricultural work. Unlike horses, 

they kneel for the loading of passengers and cargo. Their wool and hair are also 

used as a source material for woven goods, ranging from Bedouin tents to 

garments. Dromedary meat is eaten, and their milk is also consumed by people, 

Fig.17 Dromedary camels during reproductive season. Note the male camel 
extruding his soft palate, gurgling copious saliva, which turns to foam 

covering the mouth.  

http://en.wikipedia.org/wiki/Palate
http://en.wikipedia.org/wiki/Palate
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and they can produce more milk from poor feed than other milk-producing 

animals. They are used for patrol by border guards in many remote desert 

locations in Egypt. Today in some areas camel bone is still used for hand crafts 

(Saada, 2005; Wikipedia, 2014).  

The Central Veterinary Research Laboratory (CVRL) in Dubai created the idea 

of a camel-milking facility over 25 years ago, when they commenced a research 

programme aiming to obtain scientific proof of the outstanding health benefits of 

camel milk. The main goal was introducing camel milk to the markets and making 

it accessible to a large number of consumers. In 2003 after the completion of the 

research, Emirates Industry for Camel Milk & Products (EICMP) was established, 

and by 2006, the milk production facility was completed. The first camel milk 

products under the brand name Camelicious was out at UAE market in August of 

the same year (Al‐Badry, 2014; Al-Sabbah, 2017). 

With technology development at present, up to latest standards and 4,000+ 

camels, EICMP runs the most advanced and first fully-integrated camel milk 

production facility in the world. The milk production at the EICMP facilities is 

closely monitored with the highest international standards. ISO 22000 

certification was obtained by the operation for both, the farm facilities and the 

dairy processing, and the whole operation fulfills the strict EU requirements for 

export into the European Union (Al‐Badry, 2014). 

Dairy products ranging from cheese, ice cream, camel chocolate, and dried milk 

is produced by the factory, and to date, the local and international demand for 

camel milk products is higher than the supply. The grow of EICMP production 

made United Arab Emirates (UAE) a leading country worldwide in camel milk 

industry, (Al‐Badry, 2014; Al-Sabbah, 2017). 

Camel racing and the camel in general, is very important to the GCC countries 

and the culture there. In particular, in UAE and Qatar, where they care very much 

about camels and therefore they have established camel hospitals for treatment, 
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rehabilitation, and surgeries. In Qatar, the camel hospital is called Tharb, which 

is the only such facility in the country. This hospital is situated around an hour’s 

drive and a world away from the capital, Doha. The reason for the remoteness of 

the hospital is that it is also a breeding centre for camels through embryo transfer 

and artificial insemination and it needs to be isolated to protect its valuable 

"crops". This institution will house the top-level camels, so to develop embryo 

transfers with the top racing camels or the top genetics, it has to be protected and 

isolated (Karim, 2016; Al-Sabbah, 2017).   

 

In artificial breeding, owners of camels being sent to stud can command 

increasingly high prices. The current big star in the sport is a six-year-old known 

as Al-Jazeera, who would be "priceless" at stud, say camel owners gathered at 

the hub for camel racing in Qatar – the Al-Shahaniya track (Karim, 2016). 

 

In 1972, professional camel racing has started in Qatar and the season usually 

runs from September through to March, where more than 5,000 locals attend 

watching about 22,000 camels raced in Qatar and more than 55,000 across the 

Gulf. Camels usually start racing around the age of two and generally go into stud 

at around six years old. Races are usually held over a distance of four kilometres, 

though for older animals that can reach a maximum of eight kilometres. 

 

Qataris, usually in Land Cruisers, thunder alongside the sand track just a few 

metre or two away from their camels, honking horns and shouting for their 

animals to run faster. Tiny robot jockeys were invented to sit on top of the camels, 

which can be remotely-controlled to whip the racers.  

 

Valuable prizes such as $200,000 Mercedes Maybach cars can be won from 

these races, and whoever wins this competition, becomes very famous with the 

winning camel. In addition, an iTunes app has been created now, through which 

all camels are registered online, chipped and receive a blood test four days before 

every race (Karim, 2016; Al-Sabbah, 2017). 
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1.2.8.11. Camels in the Quran  

 

“Do they not look at the Camels, how they are made? And at the Sky, how 

it is raised high? And at the Mountains, how they are fixed firm? And at 

the Earth, how it is spread out? Therefore do thou give admonition, for 

thou art one to admonish." [Al-Qur'an 88:17-21] 

The camel was mentioned in the holy Quran reflecting the endless Power and 

Knowledge of their Creator. In the 17th verse of the Chapter Al-Gashiyah, which 

is "Do they not look at the Camels, how they are made?", this encourages 

us to carefully examine and think about the nature of the camel, because it is 

specially designed for the conditions of the desert (SunnahOnline.com, 2016). 

As a matter of fact, each part of the animal's body has to be investigated in 

order to understand how it is "made" by Allah. Accordingly, in this thesis, we will 

study the teeth of the animal on which the Qur'an invites us to ponder, and will 

examine in close detail the structure of its tooth enamel. 
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1.3. OBJECTIVES 

The aims of the present study were to: 

 

• review the anatomy of the camel skull and the superficial muscles of 

mastication; 

• describe the detailed morphology of dromedary teeth; 

• describe the appearance of HSBs in a representative sample of dromedary 

teeth; 

• quantify the HSB packing density in longitudinal sections on the labial, 

lingual and mesiodistal surfaces in the anterior teeth of dromedary teeth; 

• relate the pattern of HSB packing density to the functional stresses to which 

the individual teeth in that species are subject. 

• Assess the effect of acid etch and an acidic drink on the appearance, 

number, and packing density of HSBs in the enamel of dromedary camel 

teeth. 

 

The hypothesis is that dromedary camel teeth morphology differs considerably 

from human teeth. HSBs do exist in dromedary camel tooth enamel, but with 

different appearance and distribution. There should be an effect of acid etch on 

the appearance of HSBs, but the acid should not affect the number of HSBs in 

enamel. This type of study has been previously done on human teeth, and it 

was deemed interesting to conduct the same study on dromedary camel teeth, 

since there is considerable tooth wear usually present in the camel’s teeth and 

no previous study was done in such detail on a large herbivore before. 
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2. MATERIALS & METHODS 

 

 

2.1.  INTRODUCTION 

 

Camel teeth were collected by extracting them from dry skulls. The camels’ 

heads were bought from the Buraydah market in Al-Qassim in Saudi Arabia, 

which is the largest camel market in the world. They were buried in the ground 

in hempen cloth for at least three months to dissolve the soft tissues.  All of the 

camels came from Camelidae of the same breeding stock of the species 

Camelus dromedarius, the one-humped dromedary (Linneaus, 1758). There 

were no ethical issues to address in this study as all camel skulls were bought 

legally and they were all dead, therefore no harm was done to any animal in this 

research.  

 

It is appropriate to note that all the technical work for this project was carried out 

by the author of this thesis. The author was trained, and observed, in the use of 

the laboratory equipment by laboratory technical staff and by a Professor of 

Anatomy who had special expertise in this area. As will be detailed later in this 

chapter, appropriate testing was carried out to determine the reproducibility of 

the author’s results. 

 

Care was taken to extract the dromedary teeth from the skull without damage. 

The morphology of each tooth was then examined and a detailed description of 

each tooth category was compiled together with descriptive drawings and 

pictures. 

 

A preliminary study was undertaken to ascertain the presence of HSBs in camel 

tooth enamel, and optimum method of visualising it. Six undamaged teeth were 

chosen from the collection. They included a maxillary canine and first cheek 
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tooth, and a mandibular first and second deciduous incisors, canine and first 

cheek tooth. The hypothesis for this preliminary study was that HSBs do exist in 

camel tooth enamel, and images of HSBs produced using reflected light could 

be visualised of a similar quality and clarity in different regions of the sectioned 

enamel.  

 

Each tooth was sectioned in the mid labiolingual or buccolingual and 

mesiodistal plane of the crown using a Buehler ISOMET Low Speed Saw 

(Beuhler Ltd., Lake Bluff, Illinois) fitted with a 4″ diameter diamond-coated 

wafering blade. The tooth was attached to a short length of wooden dowel with 

sealing wax, which was clamped in a standard proprietary chuck mounted on 

the specimen arm assembly and appropriately balanced with counterweights.  A 

moderate saw speed within the range of 200-250 rpm was used to prepare all 

of the specimens.  Beuhler ISOCUT fluid (Beuhler Ltd., Lake Bluff, Illinois) was 

used to lubricate and cool the blade during cutting sessions.  

 

The ground sections were cleaned of the lubricant fluid by being immersed in a 

bath of ethanol for three hours and carefully dried with absorbent tissue. They 

were examined in a Olympus BX41 photomicroscope fitted with a DP25 digital 

camera for photomicroscopy (Olympus Corporation, Japan) using a simple 

reflected light source. 

 

The resulting images demonstrated that the HSBs do exist in camel tooth 

enamel structure, and could be clearly seen with the reflected light source. 

Consequently, the study was undertaken using this technique.  

 

2.2. EXAMINATION OF THE SUPERFICIAL MUSCLES OF MASTICATION, 

AND THE BURIAL OF THE CAMEL HEADS  

The camel heads were buried under the ground to dissolve all the soft 

tissues.  
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In preparing the camel heads for burial the opportunity was taken of briefly 

examining the superficial muscles of mastication only to prevent any damage 

to the skulls, which are the masseter and temporalis muscles (Fig.18). After 

that each camel head was placed in cloth bag, tied with a thick insulated 

wire, and buried under the ground for minimum of 3 months. The wire was 

attached to a nearby tree to facilitate locating the camel skulls later (Fig.19).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a b

Fig.18 Examining the superficial muscles of mastication: a. Masseter 

muscle, b. Temporalis muscle 

a b. 

Fig.19 Camel heads burial: a. placed in cloth bags, b. wire tied to the bags 

and attached to a nearby tree 
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2.3. TEETH EXTRACTION 

 

The anterior teeth were easily removed from the camels’ skulls, but the 

posterior or cheek teeth which are multi-rooted teeth were more difficult to 

extract. They were extracted using a portable dental engine with a straight 

handpiece fitted with a bone cutting bur together with a standard clinical chisel 

and hammer.   

 

The dental engine was used to cut through the maxillary and mandibular bone 

covering the roots on the buccal surface. 

The chisel and hammer were used to fracture the maxilla at tuberosity area and 

interdental bone between upper cheek teeth in order to extract the teeth without 

breaking their roots. The same was done for the mandibular cheek teeth 

(Fig.20). The chisel and hammer were used to section the mandible in a 

mesiodistal direction to separate the lingual plate from the buccal plate of bone. 

 

Every care was taken to avoid damaging the teeth, but some of the teeth were 

very dried out in the skull and broke during their removal. 

 

 

2.4. SPECIMEN SELECTION 

 

For the principal investigation, a total of 229 camel teeth (194 deciduous teeth, 

and 35 permanent) were collected as described in the section above. The teeth 

chosen to study were examined to describe their morphological features. One 

tooth from each series (incisor, canine, cheek teeth) from each jaw, as 

representing the most characteristic examples of their type was chosen. The 

only criteria utilised in selecting the specimens was that the teeth had intact, 

undamaged, and fully developed crowns. 
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Fig.20 Lingual wall hemisecting of camel's mandible during extraction of 
cheek teeth. Tooth bud of permanent cheek tooth can be seen buried in 

the jaw. 

Fig.21 Collected dromedary camel skulls 
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The numbers of individual tooth types chosen were limited by number of camel 

skulls collected.  Ten camel heads were available (Fig.21) giving a maximum of 

20 teeth of each category i.e. maxillary two, right and left, and same from the 

mandible. But some of the teeth were either missing, broken, and it was not 

possible to match those numbers within the remaining tooth types. Thus, the 

final distribution of tooth types included was as follows: 

 

• Maxillary deciduous canines          19 teeth 

 

• Maxillary deciduous first cheek tooth                20 teeth 

 

• Maxillary deciduous second cheek tooth          20 teeth 

 

• Maxillary deciduous third cheek tooth              18 teeth 

 

• Maxillary fourth cheek tooth                             10 teeth 

 

• Mandibular deciduous central incisor          20 teeth 

 

• Mandibular deciduous second incisor          20 teeth 

 

• Mandibular deciduous third incisor          20 teeth 

 

• Mandibular deciduous canine                           20 teeth 

 

• Mandibular deciduous first cheek tooth          17 teeth 

 

• Mandibular deciduous second cheek tooth       20 teeth 

 

• Mandibular third cheek tooth                            16 teeth 
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The maxillary fifth cheek tooth and mandibular fourth cheek tooth were 

excluded from the study due to insufficient number of teeth available (6 teeth of 

the former type, and 3 teeth of the latter), bringing the total number of teeth 

included in the study to 220. 

 

  

2.5. CAMEL SKULLS MEASUREMENT  

 

The horizontal mesiodistal width of each camel skull was measured by placing 

the skull on flat surface in between two rectangular parallelipeds, and 

measuring the distance between the most prominent points from the right to left 

zygomatic bones.  The same was done in measuring the antro-posterior 

horizontal length of the skull, as the distance between the most anterior point of 

the jaw to the most posterior point of the occipital bone.  The teeth were 

removed before carrying out the later measurement (Fig.22). 

 

Tables containing the details of the camel skulls and measurements described 

here are included in table 1 in the Results section of this thesis. 

 

 

2.6. ANATOMICAL EXAMINATION AND DESCRIPTION OF SPECIMENS 

 

2.6.1. Bahrain Specimens 

 

After teeth extraction, all teeth were cleaned with water and soap, dried and 

placed in plastic bags, labelled with tooth and camel number. For each camel, 

all the teeth were then stored in plastic containers which were labelled with the 

appropriate camel number. The anterior teeth of each camel were stored in 

separate container than posterior or cheek teeth. 
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a. b. 

c. 

Fig.23 Camel teeth measurement: a. Full tooth length, b. crown length, 

c. mesiodistal width, d. buccolingual width (middle)  

d. 

b
. 

Fig.22Camel skull measurnment: a. horizontal mesiodistal width, b. horizontal 

antroposterior length 

a
. 
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Each tooth was examined to describe the anatomical features, and measured in 

mm using a Vernier calipers (M & W, Germany) (Fig.23).  

 

 The following measurements were made for each tooth: 

• Full tooth length: measured from the highest cusp tip to the root apex.  

• Crown length: measured from the highest cusp tip to lowest point of the 

cemento-enamel junction (CEJ). 

• Root or roots length: measured from the CEJ to the root apex 

• Mesiodistal width: measured as the maximum mesiodistal distance across 

the tooth surface, including the mesial and distal marginal ridges. 

• Buccolingual width: measured in single cusped teeth by measuring the 

distance between the most prominent point of the buccal and lingual 

surfaces, and in multi-cusped teeth measured as the same distance 

between each buccal and lingual surface of each cusp and recorded for 

each cusp separately i.e. the mesiobuccal & mesiolingual cusps, then the 

distbuccal and distolingual cusps.   

 

The measurements described here are included in table 2 in the Results section 

of this thesis. Fig.35-48 in the results section illustrate all dromedary teeth 

described.  

 

2.6.2. RCSEng Specimens 

 

A visit to the Hunterian Museum at the Royal College of Surgeons in England-

London was made on the19th of January 2015 to examine the odontological 

collection of Camelus dromedarius skulls available there. 

 

This visit was planned and done to add a collection of permanent dromedary 

camel teeth to the collection of this study. Several attempts were made to get 

some dromedary camel skulls from camels aged 7 years or above from inside 

the Kingdom of Bahrain and surrounding GCC countries, but all were 
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unfortunately unsuccessful. The reason for that is that adult camel’s meat is very 

hard to eat and not on demand in the meat market, only baby camels are 

available at the butchers.   Many visits to camel farms in Bahrain were done to 

request that they give us the skulls of some dead adult camels before burial, but 

it was stated by the farmers that it was required by law that they burn the camel’s 

body upon death and use the ashes as fertilizer, to save burial space and prevent 

bad odour (Khalifa, 2015). 

 

The Hunterian Museum is inspired by the life and work of the surgeon John 

Hunter (1728-1793).  

 

The collection at the Hunterian Museum was originally bought by the British 

government and given to the Company of Surgeons in 1799. It is a modern 

museum full of glass cabinets with labelled glass specimen jars (Porter, 2015).  

 

The museum contains vast resources of odontological collection consisting of a 

wide range of cranial and dental material. Over 11,000 human and animal 

specimens are stored and can be made available for visiting researchers. The 

dental specimens represented a unique resource in dental anatomy and 

pathology which have been collected over the past two centuries.  

 

I was given access to the collection of Camelus dromedarius skulls which 

included five complete camel skulls with maxillary and mandibular 

compartments, two skulls with only mandibular parts, and some deciduous 

teeth which were kept separately in a box. Each skull was identified with a serial 

number and some of them had the country of origin written on it (Fig. 24).  

 

The skulls were examined, photographed and their horizontal mesio-distal and 

antero-posterior widths measured by the same method described above in 

section 2.6 (Figs. 49-55 in the Results section).  
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The age of the camels was determined from their erupted teeth, and the gender 

of the adult camels’ skulls was identified from the shape and size of the 

maxillary canines. Sexual dimorphism is most marked in the permanent 

canines, especially in the upper arch where the canines in the female camels 

have very simple diminutive and relatively featureless crowns. 

 

The teeth of two skulls, one male and one female, were measured in mm using 

a Vernier caliper (M & W Group GmbH, Stuttgart, Germany). Due to the 

difficulty in removing the teeth from the camel skulls and to avoid damaging the 

specimens, the teeth measurements made were confined to the crown height, 

mesiodistal width, and buccolingual width: the full tooth and root length were not 

measured.  
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Fig.24 The odontological collection of Camelus dromedarius skulls available 

at the Hunterian Museum at the Royal College of Surgeons of England. 
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2.7. SPECIMEN PREPARATION 

 

2.7.1.  Labiolingual and buccolingual sectioning 

 

Using a standard methodology (Lynch, 2007a), all the anterior teeth of camels 1 

to 10 were sectioned using the Buehler ISOMET Low Speed Saw fitted with a 

4″ diameter diamond-coated wafering blade as described in section 2.1 above. 

In order to achieve a cut of similar quality for all specimens, the blade was 

dressed regularly as recommended by the manufacturer. Beuhler ISOCUT fluid 

was used to lubricate and cool the blade during cutting sessions, together with 

a moderate saw speed within the range of 200-250 rpm to prepare all of the 

specimens. 

 

The specimens were carefully aligned so that the saw blade was positioned 

entirely on the mesial side of the plane of section. This meant that the cut 

surface on the distal portion of the tooth always represented the profile of the 

desired plane of section. This surface, and not the cut surface on the mesial 

portion, was the one selected for the subsequent examination of each 

specimen.  

 

The lower three incisors, canine, and upper canine of camels 1 to 10 were 

prepared to provide a longitudinal profile of a full-thickness slice through the 

enamel at the middle of the labial or buccal and palatal or lingual surfaces. The 

teeth were sectioned along the long axis of the crown, which is sometimes 

different to the long axis of the tooth.  

 

The incisor teeth section was cut along the long axis of the crown in the mid 

labiopalatal or labiolingual plane, and through the cusp tip for the canine teeth.  

 

The sectioned teeth were cleaned of the lubricant fluid by being immersed in a 

bath of ethanol for three hours and dried with absorbent tissue. Each sectioned 
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tooth was bagged, labelled, and all bags from each tooth were stored in a 

separate specimen container and clearly labelled to avoid subsequent 

confusion. 

 
 

2.7.2. Mesiodistal sectioning 

 

After the distal halves had been examined in the manner to be described in 

Section 2.9.3 below, the specimens were remounted on a specimen chuck using 

fixative agent (ALTECO-Super Glue, Alteco Chemical Pte Ltd,Japan) and then 

they were further sectioned in the mesiodistal plane using the Buehler ISOMET 

Low Speed Saw as described in Section 2.7.1 above.  

 

During the preparation of the mesiodistally-sectioned specimens of incisor teeth, 

the orientation of each tooth was made to allow the plane of section to pass 

through the incisal edge, while remaining parallel to the long axis of the crown 

(Fig. 25). Similarly, the mesiodistal sectioning plane for the canine teeth passed 

through the canine cusp tip, while remaining parallel to the long axis of the crown.  

 

Each sectioned specimen was cleaned of the lubricant fluid and dried as before. 

Each piece was carefully labelled, and stored separately to avoid subsequent 

confusion.  

 

2.8. EXAMINATION OF SPECIMENS 

 

2.8.1. Imaging 

 

Each specimen was mounted on a glass slide using Plasticine (GP Flair PLC, 

Cheam, London, UK), and Fantastick Tacky removable reusable adhesive, 

(Stationery Compass, Dubai, UAE). Care was taken to ensure that the cut 

surface of the crown being examined was parallel to the surface of the glass 

slide.  
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Fig.25 Buehler ISOMET Low Speed Saw fitted with a 4″ diameter 

diamond-coated wafering blade during labiolingual sectioning of an 

anterior tooth. 

Fig.26 Olympus photomicroscope connected to Dell PC screen to transmit 
images 
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The specimens were examined under reflected white light using the OLYMPUS 

BX41 System Photomicroscope (Olympus Corporation, Tokyo, Japan). The 

photomicroscope was fitted with a OLYMPUS DP25 microscope digital camera 

that transmitted the image to a Dell PC monitor screen (Dell, China) (Fig.26). 

 

 

2.8.2. Distortion on the monitor screen 

 

There is an inherent risk that the image may be distorted leading to errors when 

its components are measured in different parts of the monitor screen 

(O'Sullivan, 1987a; Lynch, 2007a).  The distortion may cause the structure to 

have a slightly different size and shape when it is viewed occupying one or 

other corners of the screen.  It was necessary to exclude such a confounding 

factor in the study design. To assess the potential distortion, the screen was 

divided into nine squares arranged in three rows of three squares each (Fig.27). 

Two pieces of paper shaped as triangle were fixed to a glass slide (Fig.28), 

viewed under the microscope and photographed at a ’scope magnification of x 

40, centred in each of the nine different positions. The distance between two 

points representing the apices of the two triangular-shaped papers was 

measured directly from the flat screen of the television monitor in mm. The 

centre of the screen, represented by the fifth position of each image (Fig.27) 

was chosen as the reference position because any distortion in the centre of the 

plane of the image could be expected to be minimal. Statistical analyses of the 

results are summarised in Table 3. 

 

 

 

 

 

 

 



99 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

9 4 3 

8 5 2 

7 6 1 

Fig.27 The numbering of the nine divisions of the monitor screen 

 

Fig.28a, b. Distortion test: images taken of two mounted papers on 
a glass slide and the distance between them was measured directly 

from the monitor screen 

a. 

b. 
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2.8.3. Reproducibility of Results 

 

To determine the intra-observer variation which may occur in making 

measurements on micrographic prints in any repeated series of measurements, 

a single selected distance was measured fifteen times each day for a total of 

nine different days. To facilitate a direct comparison with the results of the 

distortion study, measurements obtained on the fifth day were selected as a 

reference standard, and as described in section 2.8.2.  above, the 

measurements obtained on the other occasions were expressed as percentage 

increases or reductions on the values recorded for the measured distance on 

that occasion. The statistical analyses of the mean percentage changes in the 

values obtained for the distance measured are summarised in Table3 and 

represented graphically in Fig.34 in the results section.     

 

 

2.9. QUANTITATIVE STUDY OF HUNTER-SCHREGER BANDS IN 

SECTIONED SPECIMENS 

 

2.9.1.  Introduction 

 

A preliminary study was done as mentioned earlier (see section 2.1) to 

demonstrate the presence of HSBs in the enamel of dromedary camel teeth, 

and it was shown that they do exist. Therefore, the study was undertaken and 

the collected sectioned specimens were examined using the same technique as 

that described in section 2.8.1. above.  

 

The following convention was observed throughout this study. The specimens 

were placed on the stage of the microscope making sure that the cut surface 

was parallel to the stage to reduce further risk of distortion. Each specimen 

sectioned in the labiolingual or buccolingual plane was oriented so that the 

image of the labial surface appeared near the top of the screen, and the incisal 
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edge or cusp tip appeared on the left hand side.  Similarly, sections cut in the 

mesiodistal plane were oriented such that the mesial surface appeared near the 

top of the screen and the incisal edge or cusp tip appeared on the left hand 

side. It was ensured at all times that the position of the specimen was 

orientated on the microscope stage where the transmitted image was in the 

centre of the monitor screen to reduce distortion risk. 

 

Camel teeth are very large in relation to the field of view in a light microscope. 

Therefore, in order to get the whole image of the sectioned tooth, each 

specimen was photographed as a series of images under the microscope at 

different positions from the buccal and lingual surfaces in the buccolingual 

sections, and mesial, incisal, distal surfaces in the mesiodistal sections, before 

putting all the images together to give a final composite image. For 

convenience, this was done on a Power Point slide. The tooth surfaces of each 

specimen were surrounded by piece of plasticine, which was scaled by drawing 

lines using a black ball point pen to facilitate relocation and matching of the 

images into the Power Point slide (Fig.29). 

 

The quantity of HSBs was counted from the power point slide at 10 different 

segments. First the amelodentinal junction (ADJ) was measured as it appears 

on the computer screen by using a piece of dental floss on the ADJ. Then, this 

was divided over 10 to get the length of each of different 10 sections in which 

HSBs will be counted (Table 4). 

 

2.9.2. Reproducibility of HSB Counts 

 

Regardless of how accurately an observer can repeatedly measure a given 

object, there is an additional problem in accurately counting the number of 

HSBs in a given piece of tooth enamel: HSBs are difficult to discern. 

Consequently, to determine the extent of intra-observer variation which may 

occur in counting HSBs on micrographic images in any repeated series of 
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measurements.  The quantity of HSBs in the previous specimen was measured 

at the same ten segments mentioned above 2.9.1., and repeated on a total of 

ten different occasions. The statistical analyses of the mean percentage 

changes in the values obtained are summarised in Table 6, and represented 

graphically in Fig.56.     

 

 

2.9.3. Axial surfaces of specimens 

 

After obtaining an optimal image of the cut specimen on the monitor screen 

under a microscope magnification of x40 and transferred as a PowerPoint slide 

as described above in section 2.9.1, a tracing was made of the specimen 

directly from the screen of the monitor onto a transparent acetate sheet 

(Schoellershammer, Dϋren, Germany) using a Multimark fine point permanent 

marker (Faber-Castell, Stein, Germany). Then the acetate sheet was removed 

from the monitor and placed on a horizontal work surface. The length of the 

curved lines of ADJ and EES were measured using a dental floss and a 100mm 

precision ruler (Schaedler Precision Rules, New Jersey, USA), following a 

standard methodology (Lynch, 2007a).   It was ensured that the dental floss 

measured the curved ADJ in sections by being lined against successive parts of 

the curve, prior to it changing direction, rather than attempting to measure the 

entire length of the (sometimes alternating) curvature in one attempt. There are 

a variety of techniques which can be used for measuring the length of curved 

lines, such as using millimetre grids, pieces of wire or string, or using 

commercial software packages, the method selected for this study was to use a 

length of dental floss. This method is supported by evidence in the literature 

where the accuracy of measuring complex curved structures, such as plant 

roots, with curved pieces of wire was demonstrated to be within 1.5% of that 

achieved with computer software (Kimura et al., 1999). 
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The profile of the enamel on each specimen was divided into four quarters for 

each axial surface (i.e. labial or buccal, palatal or lingual, mesial and distal), this 

was done by dividing both the ADJ and the External Enamel Surface (EES) on 

the tracing of each specimen into four equal segments. The tracing was then 

replaced on the screen of the monitor and positioned so that it was directly 

superimposed on the image of the specimen. The numbers of HSBs occurring 

in each division were counted directly from the monitor screen. A single HSB 

was defined as a single light or dark band. HSBs were counted in a cervico- 

occlusal direction. ‘Borderline HSBs’ (those that were intercepted by the division 

indentation in the plasticine), were included in the more cervical segment. The 

packing density of the HSBs within each division was calculated by dividing the 

total number of HSBs by the length of the ADJ within that division. The actual 

length of the ADJ on the cut specimen was determined by applying the 

appropriate magnification correction factor.  

 

The magnification correction factor was calculated by measuring the 

buccolingual and mesiodistal width of each tooth before sectioning them, then 

remeasuring the width from the tracing of the specimen, and dividing the latter 

by the actual width. An example of this method is illustrated in Tables 7a,b in 

the results section. 

 

The convention used for naming each of the divisions during the assessment of 

HSB distribution and packing density on the enamel profiles of the axial 

surfaces of the teeth, was as follows (Figs. 30, 31):  

  

• Incisal Quarter (IQ) 

• Upper Middle Quarter (UMQ) 

• Lower Middle Quarter (LMQ) 

• Cervical Quarter (CQ) 
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Fig.29 Representative example of a composite image showing HSBs in 

sectioned camel tooth (distal section of lower left deciduous canine- Camel No1) 

Fig.30 Labiolingual section of lower left first deciduous incisor showing HSBs 

with the enamel surface divided into four divisions on the labial and lingual 

surfaces. 

Fig.31 Mesiodistal section of lower left first deciduous incisor showing HSBs 

with the enamel surface divided into four divisions on the mesial and distal 

surfaces, and the incisal edge divided into two halves. 
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2.9.4.  Incisal edges of incisors sectioned in the mesiodistal plane  

 

The enamel surface of the incisal edges for these specimens were divided into 

two halves: one mesial and one distal. The terms given to these divisions were: 

 

• Mesial incisal half (MIH) 

 

• Distal incisal half (DIH) 

 

 

2.9.5. HSB packing densities 

 

A summary of the quantitative data obtained for the anterior teeth of camel 1-5 

including all the surfaces and segments examined is given in Tables 7 – 19 in 

the Results section. The mean lengths of the ADJ within buccopalatal sections 

within all anterior teeth in camels 1-5 is reported in Tables 8. The corresponding 

mean lengths of the ADJ in the mesiodistal and related occlusal planes are 

reported in Table 14. 

 

The mean numbers of HSBs observed in the buccopalatal and of each tooth 

group are given in Tables 9. The mean numbers of HSBs observed on the 

mesiodistal and related occlusal surfaces are given in Table 15. 

 

The mean HSB packing density on individual tooth surfaces are given in Tables 

10 for bucco-palatal and related occlusal surfaces, and in Table 16 or 

mesiodistal and related occlusal surfaces.  

 

Tables 11 gives the mean length of the ADJ within all anterior teeth in camels 1-

5 tooth segment observed in the buccopalatal. Similar information relating to the 

mesiodistal sections are and given in Tables 17. 
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The mean numbers of HSBs observed within tooth segments in the bucco-

palatal/ buccolingual surfaces of each tooth group are given in Table 12. The 

mean numbers of HSBs observed on the mesiodistal and related occlusal 

surfaces are given in Tables 18. 

 

The mean HSB packing densities within tooth segments are given in Tables 13 

for buccolingual, and in Tables 19 for mesiodistal and related occlusal surfaces.  

 

 

2.9.6. Statistical analysis 

 

The observed HSB packing densities (the ‘outcome data’) was investigated for 

differences between tooth groups, tooth surfaces, and tooth segments. A 

commercially available statistical analytical statistical software package 

(SPSS® for Windows® v.21 & 23, IBM Corp., New Yourk, USA) was used for 

this purpose after collecting all data. 

 

The outcome data were first investigated to determine whether the nature of 

their distribution was normal or non-parametric. The observed HSB packing 

densities for each variable, (i.e. tooth group, tooth surface and tooth segment), 

were tested using appropriate statistical tests, including the Kolmogorov – 

Smirnov test (incorporating Lilliefors Significance Correction) and the Shapiro – 

Wilk test. The distribution of the observed HSB packing densities was found to 

vary slightly from the normal distribution, but not to a great extent. Therefore, 

parametric tests were considered to be reasonably robust and appropriate for 

analysing the outcome data. 

 

ANOVA testing (Analysis of Variance) was used to test the difference between 

the HSB packing densities observed in the various tooth surfaces and tooth 

groups. There are three assumptions for the use of ANOVA testing regarding 

the data it is used to test: 
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• the data or the dependent variable being tested are normally distributed; 

• independent observation; there is no interaction between the groups 

being tested; 

• the variance of data within the groups is homogenous. 

 

It was noted previously that the distribution of the HSB packing densities was 

close to, and assumed to be, normal for the purposes of this investigation.  

 

An investigation was done on the outcome data to determine the variation of the 

mean HSB packing densities in all tooth surfaces and tooth segments, 

respectively. For tooth surfaces, it was found that there are variations in the 

distribution of HSBs within dromedary camel anterior teeth when the mean HSB 

packing densities are considered according to tooth surface. For tooth 

segments, the outcome data showed that there was significant difference 

between the mean HSB packing density in all the segments in all teeth except 

in comparison with the cervical quarter in mandibular 1st, 2nd deciduous incisors 

and mandibular canines. 

 

ANOVA models were therefore set up to look for significant differences between 

the HSB packing density means, adjusting for tooth group, tooth surface, and 

tooth segment, as appropriate. The p-value was assumed to be 0.05; this was 

adjusted for multiple testing, using either the Bonferroni or Tamhane 

corrections, for the t-tests carried out between pairs of surfaces/segments when 

the ANOVA was significant. Null hypotheses tested included those that 

assumed there was no difference between observed HSB packing densities 

amongst tooth surfaces and tooth segments, respectively. To avoid 

overcomplicated and unnecessary analysis, increasing the risk of significant 

results occurring by chance, it was decided to combine the equivalent axial 

surface segments within each tooth group. The results of these analyses are 

reported in Tables 20-33. 
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2.9.7. Qualitative aspects of HSBs 

 

Representative images of HSBs in various regions of all tooth groups examined 

in this study are shown in Figures 80 – 89. These were recorded under 

optimum lighting conditions using the the OLYMPUS BX41 System 

Photomicroscope as described in section 2.8.1 above. 

 

Additionally, some photographs were selected to illustrate the patterns and 

distribution of HSBs in the anterior teeth of dromedary camels, including some 

interesting patterns such as: 

 

• Regions of enamel devoid of HSBs, such as the incisal regions of the crown 

of anterior teeth; 

• The arrangement of HSBs over cusp tips, incisal edges, and marginal 

ridges; 

• The direction/curvature of alternate light and dark HSBs; 

• The distance from the ADJ in which the HSBs were evident in the enamel. 

 

These are shown in Figures 90-95. 

 
 
2.10. THE EFFECT OF ETCHING THE PREPARED ENAMEL SURFACE ON 

THE APPEARANCE OF HSBS 

 

2.10.1. Etching with phosphoric acid 

The aim of this part of the study was to determine the effect of acid etching on 

the number, appearance, and distribution of Hunter-Schreger Bands in the 

enamel of dromedary camel teeth. The hypothesis for this investigation was that 

no differences in the numbers of HSBs would be observed following acid 

etching, same as in human teeth. Five prepared specimens from the teeth 

sectioned in mesiodistal plane were etched. They included one deciduous 
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maxillary canine, one deciduous mandibular canine, and one of each 

mandibular deciduous 1st, 2nd and 3rd incisors. Each specimen was mounted on 

a glass slide using Plasticine, making sure that the cut enamel surface was 

parallel to the underlying glass slide for accuracy of subsequent imaging. The 

numbers of HSBs were counted in each segment as described in section 2.9 

above. The specimens were then etched using 37% phosphoric acid (H3PO4) 

(Fig.32), and were dried, examined, and imaged following etching times of: 

• 20 seconds 

• 40 seconds 

• 1 minute 

• 2 minutes 

• 3 minutes 

• 4 minutes 

• 5 minutes 

• 10 minutes 

 

 

These specimens were examined using the same protocol to that described in 

Section 2.9.3 above, under reflected light using the OLYMPUS BX41 System 

Photomicroscope (Fig. 26). HSBs numbers and packing densities were 

recorded after each period of etching, and are reported in Tables 34-38. 

 

 

2.10.2. Etching with an acidic soft drink 

 

The aim of this investigation was to determine the effect of an acidic soft drink 

(Coca-Cola) on the number, appearance, and distribution of HSBs in the 

enamel of dromedary camel teeth. The hypothesis for this investigation was that 

no differences in the numbers of HSBs would be observed following immersion 

in the acidic drink. Five prepared specimens from the teeth sectioned in 

mesiodistal plane were selected. They included one deciduous maxillary 
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canine, one deciduous mandibular canine, and one of each mandibular 

deciduous 1st, 2nd and 3rd incisors. Each specimen was mounted on a glass 

slide using plasticine, making sure that the cut enamel surface was parallel to 

the underlying glass slide for accuracy of subsequent imaging. The numbers of 

HSBs were counted in each segment as described in section 2.9 above. The 

specimens were then immersed in Coca-Cola carbonated soft drink which 

contains: carbonated water, sugar, natural flavouring, caffeine, carbohydrates 

10.6g, total sugars 10.6g, proteins 0.0g, fat 0.0g, sodium less then 10mg. The 

immersion period ranged between 15 minutes up to 1 week in total (Fig.33), but 

were dried, examined, and imaged following etching times of: 

• 15 minutes 

• 30 minutes 

• 1 day 

• 1 week 

 

These specimens were examined using the same protocol to that described in 

Section 2.9.3 above, under reflected light using the OLYMPUS BX41 System 

Photomicroscope (Fig. 25). HSBs numbers and packing densities were 

recorded after each period of acid immersion, and are reported in Tables 39-43.  
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Fig.32: Acid etching test using 37% phosphoric acid 

 

 

 

   Fig.33: Acidic drinks etching test using Coca-Cola   
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2. RESULTS 

 

 

3.1. THE SUPERFICIAL MUSCLES OF MASTICATION IN CAMELUS 

DROMEDARIUS 

The following anatomical features of the camel’s superficial muscles of 

mastication were briefly noted: 

1. The masseter was found to be a large multipennate cruciate muscle.  

2. The fan-shaped temporalis is comparatively small and fleshy. The muscle 

is also cruciate, with vertically-aligned anterior fibres are attached to the 

coronoid process of the mandible at a slightly different level to the 

horizontally aligned posterior fibres. 

 

 

3.2. CAMEL SKULL AND TEETH MEASUREMENTS 

 

All selected teeth were measured and described. Table 1 summarises the size 

of the skulls. Table 2 gives the size of the individual teeth.  

 

 

3.3. IMAGE DISTORTION & REPRODUCIBILITY TESTS 

  

There was no statistical difference in the measurements of the 

photomicroscope images (P value = 0.93) mean distance of 6.8, and 95% 

confidence interval for mean between 6.7- 6.9 (Table 3, Figure 34). This means 

there is minimum distortion of the image recorded from the photomicroscope in 

each of the 9 different positions as described in section 2.8.2 above, and that 

the measurement is reproducible. The anatomical description of the teeth is 

presented in the next section. 
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Table No.1: This table shows the details of the camels selected in this 

study: 

 

 

 

 

 

Camel No 
Estimated Age 

(months) 
Skull width 

(cm) 
Skull length 

(cm) 

1 6  broken broken 

2 9  18.2 38.5 

3 12 18.3 40 

4 12 18.2 33 

5 12 18.6 38.5 

6 12 19.2 39.5 

7 12 18.3 38.4 

8 30 19.2 40.2 

9 36 18.4 39.7 

10 36 18.2 38.7 
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Table No.2: This table shows the camel teeth measurements of Bahrain 

specimens: 

 

Tooth No 
No. of 
Teeth 

Full 
length 

crown 
length 

root 
length 

mesial 
(MB) 

root 
length 

distal 
(DB) 

root 
lengt

h ML 
(P) 

root 

lengt
h DL 

MD 
width 

BL 

width 
mesial 

BL 

width 
mid 

BL 

width 
distal 

1DC & 2DC 19.00 32.79 7.50 25.27    5.29 7.66   
1DCT1 & 
2DCT1 20.00 33.77 15.59 19.89 19.17   13.48 7.86   
1DCT2 & 
2DCT2 20.00 43.61 21.75 24.15 20.84 

18.3
9  29.83 14.28 19.62 19.29 

1DCT3 & 
2DCT3 18.00 46.91 24.53 21.98 22.15 

17.9
6 18.78 33.74 20.96 21.83 21.62 

1CT4 & 
2CT4 10.00 57.31 46.78 11.29 10.63 9.82 9.33 41.36 22.64 24.03 22.18 
1CT5 & 
2CT5 6.00 55.84 52.42 6.41 5.15 5.74 6.07 44.30 22.79 21.26 20.22 

3DI1 & 
4DI1 20.00 56.46 25.22 31.24    13.09 8.96   
3DI2 & 
4DI2 20.00 57.98 27.36 30.63    14.41 7.93   
3DI3 & 
4DI3 20.00 47.54 22.26 25.28    12.89 5.73   

3DC & 4DC 20.00 46.78 17.95 28.27    11.20 6.15   
3DCT1 & 
4DCT1 17.00 32.45 13.99 20.09 18.93   16.09 8.23   
3DCT2 & 
4DCT2 20.00 49.17 23.89 24.68 27.67   39.93 12.07 14.14 15.20 

3CT3 & 
4CT3 16.00 60.70 44.71 18.56 18.15   39.90 17.27 18.66 18.65 

3CT4 & 
4CT4 3.00 65.29 57.65 13.40 11.25   42.72 18.55  18.84 
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Table 3: This table shows the results of the image distortion test: 
 
  N Mean Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimu

m 

Maximum 

Lower 
Bound 

Upper 
Bound 

Position 1 15 6.81 .165 .043 6.72 6.90 6.72 7.40 

Position 2 15 6.80 .168 .043 6.71 6.89 6.72 7.41 

Position 3 15 6.77 .177 .046 6.67 6.86 6.70 7.41 

Position 4 15 6.80 .187 .048 6.70 6.91 6.72 7.48 

Position 5 15 6.84 .180 .047 6.74 6.94 6.77 7.49 

Position 6 15 6.86 .193 .050 6.75 6.97 6.76 7.53 

Position 7 15 6.85 .176 .046 6.75 6.95 6.78 7.48 

Position 8 15 6.81 .188 .049 6.71 6.92 6.72 7.49 

Position 9 15 6.82 .195 .050 6.71 6.93 6.68 7.52 

 P value = 0.93 
 

 
Figure34: Image distortion test graph 
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3.4. MORPHOLOGY OF CAMEL TEETH 

 

3.4.1. The Maxillary Deciduous Anterior Teeth  

3.4.1.1. The Maxilary Deciduous 1st Incisor 

Usually, camels have one upper deciduous incisor that erupts at the age of 3 

months. It is exfoliated soon after the age of one year. The permanent upper 

incisor erupts at an age of 6 years. 

In this study, all the camel skulls that were collected were missing maxillary 

deciduous incisors. The camel farmer in Bahrain confirmed that in his breeding 

stock young camels don’t have upper anterior teeth, and he did not see 

anything unusual in this (Hasan, 2014). Consequently, these teeth do not 

feature in the study. 

 

3.4.1.2. The Maxillary Deciduous Canine 

 

 

 

 

 

 

 

 

The dromedary camel has two deciduous canines in the maxillary jaw, one in 

each right and left quadrant. They are positioned at the corners of the dental 

arch. 

They have very simple diminutive and relatively featureless crowns. The mesial 

and distal borders are parallel and the cervical margin lacks the curvatures 

Figure 35 

Maxillary left deciduous canine: a. labial aspect, b. lingual aspect, c. mesial aspect, d. distal aspect, 

e. occlusal aspect, f. apical aspect 

c. d. a. b. 

f. 

e. 
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seen in the lower incisors. A curious feature, unique to this tooth, is that the 

cervical cementum protrudes beyond the margins of the crown like a bulbous 

collar around its entire circumference. The root has a marked distal curvature.  

Size and Eruption: 

Maxillary 
Deciduous 

Canine   

Tooth 
Length 

(mm) 

Crown 
Height 

(mm) 

Root 
Length 

(mm) 

Mesiodistal 
Crown 

Diameter 
(mm) 

Labiolingual 
Crown 

Diameter 
(mm) 

Age of 
Eruption 

(month) 

1DC & 2DC 32.8 7.5 

 

25.27 

 
 
 

5.3 7.6 

 

3  

 

 
 
3.4.2. The Mandibular Deciduous Anterior Teeth  

The mandibular incisors have chisel-shaped cutting crowns. Unlike humans, the 

camel has three incisors rather than two. Apart from their size, all three incisors 

together with the mandibular deciduous canine are basically similar in form. 

 

The morphological features of all three lower deciduous incisors in each 

quadrant are similar in appearance and are most obvious in the first and least in 

the third. Viewed from the labial aspect the unworn crown appears tall with 

parallel mesial and distal borders, but with extensive wear of the incisal edge 

the tooth appears to have a more triangular profile. On this surface there is very 

slight rounded central ridge with a very shallow fossa on either side. The mesial 

border is defined by a well-rounded marginal ridge. The lingual surface is 

completely occupied by a broad central fossa which ends mesially and distally 

as a knife-edged border which bears a row of tiny tubercles giving the structure 

a slightly saw-toothed appearance. This knife-edged feature constitutes the 

entire distal border of the crown but on the mesial side a distinct vertical groove 

is present which separates it from the mesial marginal ridge previously noted. 

The mesial border of the tooth is more vertically aligned than the distal which 

tilts lingually as it approached the incisal edge. This has the effect of warping 
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the lingual surface. The cervical margin is quite convex on the rootward side of 

the labial surface. It then rises steeply into the groove on the mesial surface, 

and continues in a very gentle curve across the lingual and distal surfaces. 

Size and Eruption: 

Mandibular 
Deciduous 

Incisors   

Tooth 
Length 

(mm) 

Crown 
Height 

(mm) 

Root 
Length 

(mm) 

Mesiodistal 
Crown 

Diameter 
(mm) 

Labiolingual 
Crown 

Diameter 
(mm) 

Age of 
Eruption 

(month) 

3DI1 & 4DI1 

3DI2 & 4DI2 

3DI3 & 4DI3 

56.4 

57.98 

47.54 

25.2 

 27.35 

 22.25 

31.23 

 30.62 
 
 25.28 

13.09 

     14.4 
 
     12.88 

8.96 

      7.93 
 
      5.72 

1 

1 

3 

 

3.4.2.1. The Mandibular Deciduous 1st Incisor 

 

 

 

 

 

 

 

 

Labial Aspect (Fig. 36a) 

The crown of the mandibular 1st deciduous incisor is the widest labiolingually of 

the three incisors. It has almost a triangular shape tilted mesially with raised 

marginal shoulder on the mesial portion of the incisal profile.  

The mesial margin of the crown forms a more or less straight line. The height of 

contour of the mesial margin, i.e the contact area with the adjacent tooth, is 

located close to the incisal edge. The distal margin, on the other hand is more 

rounded with the height of contour located further away from the incisal edge. 

b.  

. 
a.  
. 

c.  

. 
d.  
. 

e.  
. 

f.  
. 

Figure 36 
Mandibular left deciduous 1st anterior tooth: a. labial aspect, b. lingual aspect, 
c. mesial aspect, d. distal aspect, e. occlusal view, f. apical view 
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Both mesial and distal margins converge cervically and end in the cervical line 

(cementoenamel junction, CEJ) The CEJ is a smoothly curved arc that is 

convex cervically. 

There are one or two labial grooves that may extend from the incisal edge 

towards the cervical line. The root is conical in outline and is inclines mesially 

from cervical area to apex. The root of this tooth is the longest root of all 

deciduous camel teeth. 

 

Lingual Aspect (Fig. 36b) 

The profile of the crown viewed from the lingual aspect is the same as labial 

profile. The lingual surface is marked by a shallow central depression (the 

lingual fossa), which is bordered mesially and distally by two elevations, the 

marginal ridges. 

The CEJ forms almost a straight line lingually tilted towards the distal marginal 

ridge. 

The root is the same as seen from the labial aspect but a distinct longitudinal 

groove is present extending from the CEJ to the apex. 

 

Mesial Aspect (Fig. 36c) 

The crown appears chisel-shaped in outline because of the labial and lingual 

surfaces converge towards the incisal edge. The labial margin is smoothly 

curved from the cervical third to the incisal edge. The lingual margin is concave.  

The CEJ in the mesial surface of mandibular 1st deciduous incisors shows 

pronounced curvature. 

The root is conical in outline and tapers to a pointed apex. 

Distal Aspect (Fig. 36d) 

The crown profile seen from the distal aspect is similar to that seen from the 

mesial aspect.  
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Incisal Aspect (Fig. 36e) 

The crown is roughly triangular in outline with the lingual profile forms the base 

of the triangle, the mesial and distal profiles its sides, and the apex is located 

labially. 

 

Apical Aspect (Fig. 36f) 

The apex of the tooth is oval in shape with one orifice. Mesial and distal 

grooves on the root which extend from the CEJ to the apex create small 

depression at the apex and make it look as if there are two orifices. 

 

3.4.2.2. The Mandibular Deciduous 2nd Incisor 

 

 

 

 

 

 

 

 

Labial Aspect (Fig.37a) 

The 2nd incisor crown is the longest incisor of its type. It is the wider 

mesiodistaly than the 1st incisor, but almost the same bucolingually. It appears 

more oval in shape compared to the 1st incisor, with both mesial and distal 

margins are more rounded in shape. The mesial height of contour is located at 

the junction of incisal and middle third. 

The root of the 2nd deciduous incisor is very similar to the mandibular 1st 

deciduous incisor, but is almost straight with less mesial inclination.  

a

Figure 37 
Mandibular left deciduous 2nd anterior tooth: a. labial aspect, b. 
lingual aspect, c. mesial aspect, d. distal aspect, e. occlusal view, 

f. apical view 

a.  b.  c.  d.  

e.  

f.  
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Lingual Aspect (Fig.37b) 

The lingual surface is marked by a shallow central depression (the lingual 

fossa), which is bordered mesially and distally by two elevations, the marginal 

ridges, which resemble the lingual aspect of the 1st incisor except that the 

marginal ridges are less prominent and lingual fossa is shallower.  

 

Mesial Aspect (Fig. 37c) 

The mesial aspect of this tooth is almost the same as the 1st incisor with less 

convexity lingually.  The CEJ has quite a sharp curvature. The root has a 

cylindrical outline rather than conical with groove that runs from the CEJ to the 

apex. 

 

Distal Aspect (Fig. 37d) 

The crown appears chisel-shaped in outline distally because of the labial and 

lingual aspect convergence, with a deeper groove that runs from the CEJ to the 

apex. 

 

Incisal Aspect (Fig. 37e) 

The crown is same as 1st incisor has a triangular outline with the lingual profile 

forms the base of the triangle, and the apex is located labially. 

 

Apical Aspect (Fig. 37f) 

The apical foramen of this tooth has a triangular shape with the base of the 

triangle facing labially and the apex lingually. There is one foramen but it is 

shaped like this because of the deep proximal grooves which runs mesial and 

distal aspects of the root. 
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3.4.2.3. The Mandibular Deciduous 3rd Incisor 

 

 

 

 

 

 

 

Labial Aspect (Fig. 38a)  

The crown of this tooth is the smallest of all three mandibular deciduous incisor 

crowns. It looks very like the 2nd incisor in shape with more rounded mesial and 

distal incisal marginal ridges. The mesial proximal contact point in located at the 

middle third of the crown, and the distal one is located at the cervical third of the 

crown.  

The CEJ is sharply angled, running downwards from the mesial to the distal 

aspects.  

One or two vertical grooves can be seen labially, and some horizontal grooves 

can be seen running from the distal proximal contact giving a shape of 

mammelons in the incisal edge of this tooth. 

There is one root which is conical in shape, narrowing to the apex. 

 

Lingual Aspect (Fig. 38b) 

The crown of this tooth has a relatively flame-shaped appearance. The lingual 

surface of this tooth is quite similar to the labial surface. The lingual fossa is 

deeper than in the 2nd deciduous incisor made by curvature of mesial and distal 

marginal ridges. 

More grooves are seen in the crown lingual than labial surface. 

The root is conical in shape, the sides converging towards the apex. 

a. b. c. d. 

e. 

f. 

Figure 38 
Mandibular left deciduous 3rd anterior tooth: a. labial aspect, b. lingual aspect, c. mesial 

aspect, d. distal aspect, e. occlusal view, f. apical view 
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Mesial Aspect (Fig. 38c) 

The mesial border is defined by a well-rounded marginal ridge, and a knife-

edged border which bears a row of tiny tubercles giving the structure a slightly 

saw-toothed appearance. Except for a less curved CEJ the mesial aspect is 

very similar to that of the 2nd incisor. The distal marginal ridge can be seen from 

the mesial aspect, giving the lingual surface more curvature with a deeper 

lingual fossa. 

 

Distal Aspect (Fig. 38d) 

The distal aspect has a knife-edged border which bears a row of tiny tubercles 

giving the structure a slightly saw-toothed appearance. It is similar to 2nd incisor 

with a deeper groove running from the lingual fossa to the apex. 

 

Incisal Aspect (Fig. 38e) 

The crown appears almost flat from the incisal aspect with some concavity 

labially. 

 

Apical Aspect (Fig. 38f) 

There is one apical foramen in this tooth with an oval-shaped orifice. 

 

3.4.2.4. The Mandibular Deciduous Canine 

 

 

 

 

 

 

 

 

 
Figure 39 
Mandibular left deciduous canine: a. labial aspect, b. lingual aspect, c. mesial aspect, d. 

distal aspect, e. occlusal view, f. apical view 

 

a. b. c. d. 

e. 

f. 
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The lower deciduous canine is a substantial tooth and in situ the long axis of 

this tooth is tilted sharply forwards. The labial surface of the crown is convex in 

all directions. The mesial slope of the cusp is short and rounded, but the distal 

slope is very long and curves gently downwards to give a short distal border. 

The lingual surface is virtually flat, bounded by very narrow mesial and distal 

marginal ridges which each bear a row of tiny tubercles. The cervical margin is 

relatively straight and horizontal, with a small upward curvature at the distolabial 

angle. The cervical region of the root follows the curvature of the labial surface 

and the flatness of the lingual surface, but the lower three-quarters of the root is 

evenly curved on all sides. 

      Size and Eruption: 

Mandibular 

Deciduous 
Canine 

Tooth 

Length 
(mm) 

Crown 

Height 
(mm) 

Root 

Length 
(mm) 

Mesiodistal 

Crown 
Diameter 

(mm) 

Labiolingual 

Crown 
Diameter 

(mm) 

Age of 

Eruption 
(month) 

3DC & 4DC 

 

46.77 17.95 

 

28.26 11.2 6.14 3  

 

Labial Aspect (Fig. 39a) 

The crown and root of the mandibular deciduous canine looks exactly the same 

as the deciduous 3rd incisor except it has smaller crown, shorter roots and less 

width mesiodistal and buccolingually. 

The mesial and distal marginal ridges are more round in shape making tis tooth 

looks more as flame shaped or oval shapped crown. 

The CEJ is deeply curved downwards from the mesial to the distal marginal 

ridges. 

The tooth has one root conical in shape and tilted distally. 

 

Lingual Aspect (Fig. 39b) 

The same as the 3rd incisor but the CEJ has steep curvature at the lingual fossa 

instead of running down from the mesial to the distal marginal ridge. 
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Mesial Aspect (Fig. 39c) 

The distal marginal ridge cannot be seen from the mesial aspect. It has almost 

straight CEJ. 

The root is relatively cylindrical in shape. 

 

Distal Aspect (Fig. 39d) 

The distal aspect is very similar to the mesial aspect. 

 

Incisal Aspect (Fig. 39e) 

The crown of this tooth looks the same as 3rd incisor but with less labial 

curvature i.e. less convexity. 

 

Apical Aspect (Fig. 39f) 

It has one root with one oval apical foramen. 

 

3.4.3. The Maxillary Cheek Teeth 

3.4.3.1. The Maxillary Deciduous 1st Cheek Tooth 

 

 

 

 

 

 

 

 

 

 

This tooth can be called the anterior cheek tooth, which is equivalent to the 

premolar teeth in humans. It has a bicuspid crown and two roots. 

 

 

a. b. c. d. 

e. 

f. 

Figure 40 
Maxillary left deciduous 1st cheek tooth: a. labial aspect, b. lingual aspect, c. mesial 
aspect, d. distal aspect, e. occlusal view, f. apical view 
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Size and Eruption: 

Maxillary 
Deciduous 
1st Cheek 

Tooth 

Tooth 
Length 
(mm) 

Crown 
Height 
(mm) 

Root Length 
(mm) 

Mesiodistal 
Crown 

Diameter 

(mm) 

Labiolingual 
Crown 

Diameter 

(mm) 

Age of 
Eruption 
(month) 

 

1DCT1 & 

2DCT1 

 

33.77 

 

15.59 

 

 

Mesial  
 

19.89 

Distal  
 
19.17 

 

13.48 

 

7.86 

 

1  

 

Labial Aspect (Fig. 40a)  

From this aspect, the profile of the crown is irregular in shape and shows a 

single cusp which is displaced mesially. The incisal slope of the cusp runs down 

to the mesial and distal marginal ridges. The mesial marginal ridge is lower than 

the distal marginal ridge therefore the proximal contact point mesially is located 

in the middle third of the crown. Whereas the distal marginal ridge has a sharp 

angle with higher proximal contact point. 

There are two roots in this tooth seen labially mesial and distal. The mesial root 

is tilted mesially with no curvature, and the distal root is curved mesially at the 

apical third.  

The crown shows some labial grooves. 

 

Lingual Aspect (Fig. 40b) 

The crown on lingual surface of the maxillary 1st deciduous cheek tooth is the 

same as the labial surface except that the surface area is smaller with a lingual 

cusp tip that is located lower than the labial cusp tip. The lingual cusp is very 

small and looks like a lingual cingulum that is divided into three small tubercles 

separated by lingual grooves. 

The CEJ runs across the cervical margin in round circle line to the mesial and 

distal marginal ridges. 
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Mesial Aspect (Fig. 40c) 

The mesial surface has a narrower marginal ridge than the distal surface. The 

crown appears to be tilted lingually on the root when viewed from mesial 

aspect. The CEJ is higher on this surface than the distal aspect. 

 

Distal Aspect (Fig. 40d) 

The upper 1st deciduous cheek tooth appears almost straight when viewed 

distally. The crown has a bulbous buccal surface near the cervical margin. 

 

 occlusal Aspect (Fig. 40e) 

The occlusal surface of the 1st deciduous cheek tooth is pentagonal in shape 

with the mesial marginal ridge as the apex, and the distal marginal ridge its 

base. There is a fissure on the occlusal surface passing mesiodistally between 

the buccal and lingual cups. 

 

Apical Aspect (Fig. 40f) 

There are two roots with two separate apical foramina located mesially and 

distally. 

 

3.4.3.2. The Maxillary Deciduous 2nd Cheek Tooth  

      Size and Eruption: 

Maxillary 
Deciduous 

2nd Cheek 
Tooth 

Tooth 
Length 

(mm) 

Crown 
Height 

(mm) 

Root Length 
(mm) 

Labiolingual 
Crown Diameter 

(mm) 

Mesio-
distal 

Crown 
Diamet

er 

(mm) 

Age of 
Eruption 

(month) 

 

1DCT2 & 
2DCT2 

 

43 

 

21.75 

 

 

MB  
 

24.15 

DB  
 
20.84 

P 
 

18.39 

M 
 

14.28 
 

Mid 

19.62 

D 

19.29 

 

29.83

  

 
 
     1 
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Buccal Aspect (Fig. 41a) 

The crown of upper deciduous 2nd cheek tooth has three cusps on the buccal 

aspect. The mesial is quite small, and the middle and distal cusps are relatively 

large. There is a prominent ridge on the labial surface between the middle and 

distal cusps which extends vertically, between the cuspal edge and the CEJ. 

Three separated roots can be seen from the labial aspect two buccal and one 

palatal. 

 

Lingual Aspect (Fig. 41b) 

The lingual surface of the crown is shorter than the buccal surface. There are 

two palatal cusps lower in height than the buccal cusps. There is a lingual 

vertical groove located vertically between the two cusps extending from the 

occlusal surface to the CEJ making the lingual surface wavy and not at all 

smooth. 

 

Figure 41 
Maxillary left deciduous 2nd cheek tooth: a. labial aspect, b. lingual aspect, c. mesial 

aspect, d. distal aspect, e. occlusal view, f. apical view 

 

a. b. c. d. 

e. f. 
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Mesial Aspect (Fig. 41c) 

The mesial marginal ridge is wide with sharp prominence at the junction with 

the mesiobuccal cusp. Two roots can be seen from this aspect, mesial and 

palatal, and they are well separated. The mesial cusp tip is small and projects 

more mesially as a distinct tubercle. 

 

Distal Aspect (Fig. 41d) 

The distal surface is wider than the mesial surface. The CEJ is located closer to 

the occlusal plane than the CEJ of the mesial surface. The three separate roots 

can be seen from this aspect. 

 

Occlusal Aspect (Fig. 41e) 

The occlusal surface is very wide buccolingually. There is central fissure 

between buccal and lingual cusps. Each cusp tip looks divided occlusal with 

tooth wear or groove at the middle of each. 

 

Apical Aspect (Fig. 41f) 

Three separate roots each with a small apical foramen can be seen from this 

aspect. 

 

3.4.3.3. The Maxillary Deciduous 3rd Cheek Tooth 

Size and Eruption: 

Maxillary 

Deciduous 
3rd Cheek 
Tooth 

Tooth 

Length 
(mm) 

Crown 

Height 
(mm) 

Root Length 

(mm) 

Labiolingual 

Crown 
Diameter 

(mm) 

Mesio-

distal 
Crown 

Diameter 

(mm) 

Age of 

Eruption 
(month) 

 

 

1DCT3 & 
2DCT3 

 

 

46.91 

 

 

24.53 

 

 

MB  
 
 

 
22 

 

DB  
 
 

 
22 
 

MP 
 
 

 
18 

DP  
 
 

 
18.78 

M 
 
 

 
21 

Mid 

 

22 

 

D 

 

21 

 

 

 

33.74

  

 

 

  3 
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Buccal Aspect (Fig. 42a) 

The crown of this tooth is very similar to that of the maxillary deciduous 2nd 

cheek tooth, with a more prominent mesiobuccal cusp. The profile of the distal 

margin presents a steep downward curvature and mesially from the distal 

marginal ridge to the CEJ. An elongated, narrow, prominent vertical ridge 

ending occlusaly as a small tubercle is present between each cusp. It has four 

roots. 

 

Lingual Aspect (Fig. 42b) 

Deep lingual groove is present between mesial and distal lingual cusps running 

from the occlusal surface down to the CEJ. 

 

Mesial Aspect (Fig. 42c) 

The buccal cusps are taller than the lingual cusps. 

 

Figure 42 
Maxillary left deciduous 3rd cheek tooth: a. labial aspect, b. lingual aspect, c. 
mesial aspect, d. distal aspect, e. occlusal view, f. apical view 

 

a. c. b. d. 

e. f. 
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Distal Aspect (Fig. 42d) 

The distal marginal ridge is the same width buccolingually as the mesial ridge. 

 

Occlusal Aspect (Fig. 42e)  

The occlusal surface consists of four cusps, two buccal and two lingual. A deep 

lingual groove is present separating the mesiolingual and distolingual cusps. 

This groove is joined to a labial prominence between the mesiobuccal and 

distobucal cusps. Wide occlusal fissures are present between each buccal and 

lingual cusp. Tooth wear is obvious on this surface of all the teeth in this 

sample. 

 

Apical Aspect (Fig. 42f) 

Four roots are present, located as mesiobuccal, distobuccal, mesiolingual, and 

distolingual roots, with four apical foramina. 

 

 

3.4.3.4. The Maxillary Permanent 4th Cheek Tooth 

This tooth looks the same as 2DCT3 but with a longer crown length. The roots 

are curved distally. 

Size and Eruption: 

Maxillary 4th  
Cheek Tooth 

Tooth 
Length 

(mm) 

Crown 
Height 

(mm) 

Root Length 
(mm) 

Labiolingual 
Crown 

Diameter (mm) 

Mesio-
distal 

Crown 
Diamet

er 

(mm) 

Age of 
Eruption 

(year) 

 

 

1CT4 & 
2CT4 

 
 
 
 

57.31 

 
 
 
 

46,77 
 
 

 
 
 
 

11 

 
 
 
 

10.6 

 
 
 
 

3.8 
 

 
 
 
 

9 
 

M 
 
 
 

22.6 
 

Mid 
 
 
 

24 

D 
 
 
 

22 

 
 

 
 

41.96
  

 
 
 
 

1 

 

 

M
B

  

D
B

  
 M

P
  

 D
P
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3.4.3.5. The Maxillary Permanent 5th Cheek Tooth 

Only 6 teeth of this category were collected and two of them were quite 

immature with unformed roots. Photographs of this tooth are shown in Figure 

44. It has four cusps, two buccal and two lingual, and four roots, the same as 

1DCT3, and 1CT4. 

Size and Eruption:  

Maxillary 
5th Cheek 

Tooth 

Tooth 
Length 

(mm) 

Crown 
Height 

(mm) 

Root Length 
(mm) 

Labiolingual 
Crown 

Diameter (mm) 

Mesio-
distal 

Crown 
Diamete

r 

(mm) 

Age of 
Eruption 

(year) 

 
 
 

1CT5 & 
2CT5 

 

 

55.84 

 

 

 

52.42 

 

 

 
 
 

 
6.4 

 
 
 

 
5 

 
 
 

 
5.7 

 
 
 

 
6 

M 
 
 

 
22.79 

 

Mid 

 

21 

D 

 

20 

 

 

44.29 

 

 

2.5-3 
 
 

 

Figure 43 
Maxillary left 4th cheek tooth: a. labial aspect, b. lingual aspect, c. mesial 
aspect, d. distal aspect, e. occlusal view, f. apical view 

 

a. c. d. b. 

e. f. 

M
B

  

D
B

  

M
P

  

D
P
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3.4.4. The Mandibular Cheek Teeth 

3.4.4.1. The Mandibular Deciduous 1st Cheek Tooth 

This tooth is reminiscent of a premolar in the human dentition. It has two cusps, 

one buccal and one lingual, and two well-separated roots located mesially and 

distally. 

Size and Eruption: 

Mandibular 
Deciduous 

1st Cheek 
Tooth 

Tooth 
Length 

(mm) 

Crown 
Height 

(mm) 

Root Length 
(mm) 

Mesiodistal 
Crown 

Diameter 
(mm) 

Labiolingual 
Crown 

Diameter 
(mm) 

Age of 
Eruption 

(month) 

 

3DCT1 & 
4DCT1 

 
 

32.44 

 
 

13.98 
 

M 
 

20.09 

D 
 

18.9 

 
 

16.09 

 
 

8.2 

 
 

1 

 

Figure 44 

Maxillary left 5th cheek tooth: a. labial aspect, b. lingual aspect, c. mesial aspect, d. 
distal aspect, e. occlusal view, f. apical view 

 

a. d. b. c. 

e. f. 
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Buccal Aspect (Fig. 45a) 

The crown is irregular in shape. One cusp can be seen buccally with the mesial 

slope of the cusp is longer than the distal slope. Buccal grooves are present 

extending from the occlusal plane to the CEJ. 

Two roots mesial and distal are present with the mesial root almost straight and 

curving distally near the apex. The distal root runs obliquely downwards and 

distally. 

 

Lingual Aspect (Fig. 45b) 

The lingual surface is the same as the buccal surface with, but deeper vertical 

grooves. 

 

 

 

Figure 45 

Mandibular left deciduous 1st cheek tooth: a. labial aspect, b. lingual aspect, c. 
mesial aspect, d. distal aspect, e. occlusal view, f. apical view 

 

a. b. c. d. 

e. f. 
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Mesial Aspect (Fig. 45c) 

The mesial marginal ridge is wider than the distal ridge. The lingual cusp tip 

appears longer than the buccal cusp making the marginal ridge tilted downward 

buccaly. There are small tubercles in the cervical region of the buccal surface.  

 

Distal Aspect (Fig. 45d) 

The distal marginal ridge is very narrow and divided by a central groove running 

between the buccal and lingual cusps. 

 

Occlusal Aspect (Fig. 45e) 

There is big mesial occlusal fossa, narrowing as it extends from the mesial to 

the distal marginal ridge. There are two cusps, buccal and lingual, and the 

lingual cusp appears as its two cusps because of the deep lingual fissure 

running vertically from incisal plane to the CEJ. 

 

Apical Aspect (Fig. 45f)  

There are two well-separated roots each with a single apical foramina. 

 

3.4.4.2. The Mandibular Deciduous 2nd Cheek Tooth  

Size and Eruption: 

Mandibular 
Deciduous 
2nd Cheek 

Tooth 

Tooth 
Length 
(mm) 

Crown 
Height 
(mm) 

Root Length 
(mm) 

Labiolingual Crown 
Diameter (mm) 

Mesio-
distal 
Crown 

Diame
ter 

(mm) 

Age of 
Eruption 
(month) 

 

3DCT2 & 
4DCT2 

 

49.16 

 

 

23.89 

 

 

M 

 
24.07 

D 

 
27.66 

M 

 
12 

Mid 

14 

 

D 

15.19 

 

39.92

  

 

 
3 
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Buccal Aspect (Fig. 46a) 

When viewed from the buccal aspect the crown of this tooth presents three 

cusps separated by deep buccal vertical grooves, which run from between the 

cusps to the CEJ. Each cusp has a matching cusp on the lingual surface, so 6 

cusps in total are present, with the lingual cusps higher than the buccal ones. 

The biggest cusp is the distolingual, followed by the distobuccal cusp, and the 

smallest are the tow mesial cusps. 

Two roots can be seen from the buccal aspect, located mesially and distally. 

 

Lingual Aspect (Fig. 46b) 

The lingual surface is similar to the buccal surface but with much shallower 

lingual vertical grooves between each cusp making the lingual surface almost 

flat. 

 

a. d. 

e. f. 

c. b. 

Figure 46 
Mandibular left deciduous 2nd cheek tooth: a. labial aspect, b. lingual aspect, c. mesial 
aspect, d. distal aspect, e. occlusal view, f. apical view 
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Mesial Aspect (Fig. 46c) 

The mesial marginal ridge is almost the same width as the distal marginal ridge, 

It slops downward from the lingual cusp to the buccal cusp. There is a groove 

that runs from the CEJ to the apex of the root that gives the appearance of the 

mesial root being formed from two roots that have fused together. 

 

Distal Aspect (Fig. 46d) 

The CEJ line is lower at the distal aspect than the CEJ mesially. There is a 

deep vertical groove that runs in the root from the CEJ to the root apex dividing 

it into two fused roots buccal and lingual. 

 

Occlusal Aspect (Fig. 46e) 

The occlusal surface of this tooth gives the impression that it is formed from 

three teeth joined together, each one with buccal and lingual cusps separated 

by a central fossa and mid-occlusal fissure. 

 

Apical Aspect (Fig. 46f) 

There are four roots in this tooth, two fused roots mesially and another two 

distally, with two separate foramina in each of the two fused roots. 

 

 

3.4.4.3. The Mandibular Permanent 3rd Cheek Tooth 

Size and Eruption: 

Mandibular 

3rd  Cheek 
Tooth 

Tooth 

Length 
(mm) 

Crown 

Height 
(mm) 

Root Length 

(mm) 

Labiolingual 

Crown 
Diameter 

(mm) 

Mesio-

distal 
Crown 

Diameter 

(mm) 

Age of 

Eruption 
(year) 

 

3CT3 & 

4CT3 

 

60.69 

 

44.7 

 

M 
 

18.56 

D 
 

18.14 

M 
 

17.27 

D 

18.65 

 

39.89 

 

1 
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Buccal Aspect (Fig. 47a) 

The crown of this tooth is longer in length than 3DCT2 & 4DCT2. A deep 

vertical buccal fissure divides the mesial and distal cusps. The marginal ridge is 

higher at the mesial aspect than the distal. 

There are two roots when viewed from buccal aspect, one mesial and one 

distal, and both are curved distally near their apices. 

 

Lingual Aspect (Fig. 47b) 

The crown appears the same as 2nd deciduous cheek tooth, but with deeper 

vertical grooves on the lingual surface. 

 

Mesial & Distal Aspects (Fig. 47c,d) 

The mesial marginal ridge is wider buccolingually than the distal marginal ridge. 

The CEJ is curved and located at a higher level on the mesial aspect of the 

tooth than that at the distal. 

Figure 47 

Mandibular left 3rd cheek tooth: a. labial aspect, b. lingual aspect, c. mesial 
aspect, d. distal aspect, e. occlusal view, f. apical view 

 

b. d. 

e. f. 

c. a. 
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Occlusal Aspect (Fig. 47e) 

There are four cusps on the occlusal surface, two buccal, and two lingual. The 

biggest cusp is the distolingual cusp. The two mesial cusps appear displaced 

slightly to the lingual side of the tooth, and the distal cuspal edges of the mesial 

cusps are overlapped a little by the mesial cuspal edges of the distal cusps. 

 

Apical Aspect (Fig. 47f) 

There are two well-separated roots located mesially and distally. Each root has 

two root canals which fuse near the root apices to give each root a single apical 

foramen. 

 

3.4.4.4. The Mandibular Permanent 4th Cheek Tooth 

Due to the fact that only 5 teeth in this category were collected and one of them 

had unformed roots. Insufficient data were available for comprehensive 

description. However, the pictures of this tooth are illustrated in Figure 48, and 

from the samples available it shows that this tooth is very similar to the 

mandibular permanent 4th cheek tooth with a longer clinical crown. It has 4 

cusps occlusally two buccal, and two lingual. There are two roots, one mesial 

and one distal, which resemble fused roots as if the tooth originally had four 

roots. 

 

       Size and Eruption: 

Mandibular 
4th  Cheek 

Tooth 

Tooth 
Length 

(mm) 

Crown 
Height 

(mm) 

Root Length 
(mm) 

Labiolingual 
Crown 

Diameter 
(mm) 

Mesio-
distal 

Crown 
Diameter 

(mm) 

Age of 
Eruption 

(year) 

 

3CT4 & 
4CT4 

 

65.29 

 

57 

 

 

M 

 
13.4 

D 

 
11.24 

M 

 
18.5 

 D 

18.8 

 

42.7 

 

2.5-3 
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Figure 48 
Mandibular left 4th cheek tooth: a. labial aspect, b. lingual aspect, c. mesial 

aspect, d. distal aspect, e. occlusal view, f. apical view 

 

a. 

e. 

c. d. 

f. 

b. 
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3.5. THE CAMELUS DROMEDARIUS SKULLS COLLECTION AT THE 

HUNTERIAN MUSEUM OF THE ROYAL COLLEGE OF SURGEONS OF 

ENGLAND 

Seven camels were available for examination at the Hunterian Museum (Table 

4). Five were adult camels of which four were females and one was male. The 

other two were juveniles.  

 

1. Camel No1: Serial No. A.217.2- (Fig.49) 

This was a female adult camel aged 7+ years old. All permanent teeth were 

erupted, but six teeth were missing from the skull:  maxillary left incisor, 

maxillary left 1st cheek tooth, mandibular left 2nd and 3rd incisors, and 

mandibular left and right 1st cheek teeth (Fig. 49c, d). 

 

2. Camel No2: Serial No. 224.3/ G156.53- (Fig. 50) 

This was a male adult camel aged 7+ years old, from Somaliland. It had all 

the permanent teeth erupted and only one was missing from the skull, the 

maxillary left 1st cheek tooth (Fig.50c). 

Two dental abscesses were noticed, apical and at the furcation area of the 

upper left 3rd cheek tooth, and upper right 3rd cheek tooth (Fig.50e). 

Cracks were present in the upper left 4th cheek tooth affecting the 

mesiobuccal cusp with a vertical longitudinal fracture, and also in the upper 

right 2nd cheek tooth (Fig.50c). 

Extensive tooth wear was marked in the lower incisors with pulpal involvement 

in mandibular right and left 1st incisors. Vertical cracks were also noticed in 

mandibular incisors (Fig.50j). 

 

3. Camel No3: Serial No: A.217.12- (Fig.51) 

This was an Egyptian female dromedary camel aged 7+ years old. All 

permanent teeth were erupted and only 3 were missing from the skull, which 

were the maxillary incisors, and lower left 1st cheek tooth (Fig.51e, g). 
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Figure 49: Hunterian museum dromedary Camel No1: Serial No. A.217.2 a. skull serial 

number, b. female dromedary camel skull, c. Maxillary jaw and skull, d. upper and lower cheek 

teeth in occlusion, e. worn down upper cheek teeth, f. Lower cheek teeth, g. maxillary canine and 

incisor, h. lower permanent incisors and canine of dark appearance with worn down incisal edges.  

a. b. 

c. d. 

e. f. 

g. 

h. 
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Figure 50: Hunterian museum dromedary Camel No2: Serial No. 224.3/ G156.53 a. skull 

serial number, b. male dromedary camel skull, c. maxillary jaw and skull, d. mandible, e. 

showing the dental abcess, and cracked tooth f. cracked upper 4th cheek tooth and worn down 

maxillary cheek teeth, g. worn down mandibular cheek teeth, h.i.  maxillary anterior teeth (incisor 

and canine), and maxillary 1st cheek tooth, J. mandibular anterior teeth and canines showing 

extensive tooth wear causing pulpal involvement in lower incisors; some cracks can be seen in 

the teeth. 

a. b. 

c. 
d. 

f. g. 

e. 
j. 

h. i. 
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Figure 51: Hunterian museum dromedary Camel No3: Serial No: A.217.12 

a. skull serial number, b. female dromedary camel skull, c. cheek teeth in occlusion, d. upper 

cheek teeth, e. upper anterior maxilla showing missing incisors, two present canines, and 1st 

cheek teeth right and left, f. anterior teeth showing fractured incisors, g. mandible with the 1st 

cheek teeth are missing. 
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An obvious tooth fracture was present in the lower left 1st incisor giving a V-

shaped notch incisally. A vertical tooth fracture was also detected in the lower 

right 3rd incisor. 

 

4. Camel No4: Serial No: A.217.3- (Fig.52) 

This was only the mandible of an adult female dromedary camel aged 7+ 

years old. All permanent teeth were erupted and present, apart from one tooth 

which was missing, the lower left 1st cheek tooth. 

There was a marked deposition of cementum around the cervical margin and 

adjacent part of the root of the incisors (Fig.52c). 

The mandibular cheek teeth showed tooth wear, and there was a crack in 3 rd 

cheek tooth with a dental abscess evident on the buccal side of that tooth (Fig. 

52f). 

 

5. Camel No5: A.217.1- (Fig.53) 

This was an Egyptian dromedary camel aged 5 years old. The maxilla had 

two canines, one in each quadrant, and eight cheek teeth, four in each 

quadrant, (three of which were deciduous cheek teeth, and one permanent). 

The 1st cheek tooth was un-erupted, and the 6th cheek tooth was only partially 

erupted. 

The 2nd permanent cheek tooth can be seen under the deciduous 1st cheek 

tooth (Fig.53f). 

In the mandible, there were six deciduous incisors, three in each quadrant; 

two deciduous canines, and eight cheek teeth, four on each quadrant. Two of 

the cheek teeth are deciduous and the other two are permanent teeth. The 1st 

and 5th permanent cheek teeth had not yet erupted (Fig.53h). 
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Figure 52: Hunterian museum dromedary Camel No4: Serial No: A.217.3 

a. dromedary camel’s mandible serial number, b. mandible, c. mandibular incisors and canines 

showing tooth wear, fractures incisors, and marked cementum nodules/ protrusion around the 

cervical margin and the root of the incisors, d. worn down mandibular cheek teeth, e. cracked 3rd 

cheek tooth with a dental abscess evident on the buccal side of the tooth.  
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Figure 53: Hunterian museum dromedary Camel No5: A.217.1 

a. skull serial number, b. female dromedary camel skull, c.d. maxillary jaw and skull showing 

missing 1st cheek teeth right and left, worn down cheek teeth, and partially erupted 6 th cheek 

teeth, e. tooth wear in upper cheek teeth at cervical margins of 1st,2nd and 3rd deciduous cheek 

teeth looks like abrasion tooth wear, f. showing cracked 5th cheek tooth, and exfoliating 1st 

deciduous cheek tooth with the successor can be seen coming through underneath, g.h.i. 

mandibular anterior teeth and posterior cheek teeth.   
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6. Camel No6: Serial No: A.217.4- (Fig.54) 

This was an adult female dromedary camel aged 7+ years old. All permanent 

teeth were erupted. An extra or supernumerary 1st cheek tooth was present 

on the left side of mandible. 

 

 

7. Camel No7: No serial No. available: - (Fig.55) 

Only the mandible of this camel skull was available. There was no serial 

number or place of origin written on it. From the mandible and the teeth 

present the age of the camel was estimated at about 1 year old. All six 

deciduous incisors were present, two canines, and six cheek teeth, 3 each 

quadrant. The 3rd cheek tooth was below the occlusal level of other cheek 

teeth, indicating that it was partially erupted when the animal died.  
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Figure 54: Hunterian museum dromedary Camel No6: Serial No: A.217.4 

a. skull serial number, b. female dromedary camel, c. anterior teeth in occlusion, d. maxillary 

cheek teeth with buccal dental abscess, e. dromedary camel mandible with a supernumerary 1st 

cheek tooth, f. full mandible with anterior teeth and cheek teeth.   
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Figure 55: Hunterian museum dromedary Camel No7: No serial No. available : 

 a. b. mandible of juvenile dromedary camel showing mandibular cheek teeth and anterior teeth.  
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Table 4a: This table shows the Hunterian Museums’ Dromedary Camel 

Skulls details. 

 

 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

Camel 

No 

Serial No Gender Where from Age No of 

teeth 

Condition of 

Skull 

1 A.217.2 Female Not Known 7+years 28 full skull 

2 224.3/ 
G156.53 

Male Somaliland 7+years 33 full skull 

3 A.217.12 Female Egyptian 
Camel 

7+years 31 full skull 

4 A.217.3 Female Not Known 7+years 17 lower jaw/ 

mandible 

5 A.217.1 Female Egyptian 
Camel 

5 years 
old 

26 full skull 

6 A.217.4 Female Not Known 7+years 34 full skull 

7 _ Female Not Known 1 year 14 lower jaw/ 
mandible 
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Table 4b: This table shows the teeth measurements of one female 
dromedary camel teeth (mm): 

 

 
  

Camel No Gender Nationality Age No of teethNo of intact teeth Tooth No crown length MD width BL Width BL Width BL Width

M Mid D

A.217.2 Female Not Known 7+years 27 27 1I 10.06 7.13 4.95

1C 21.37 10.07 6.74

BROKEN 1CT1

1CT2 17.365 15.79 22.65

1CT3 19.45 26.69 28.62 29.085

1CT4 19.98 29.885 30.51 29.025

1CT5 16.59 35.71 28.06 24.91

1CT6 15.5 36.44 29.48 25.17

2C 23.33 9.58 7.33

2CT2 20.38 17.03 14.67

2CT3 21.05 20.54 24.7

WORN 2CT4 14.15 24.225 30.81 28.17

2CT5 19.19 30.54 29.685 27.43

2CT6 15.43 36.335 29.41 25.15

3I1 24.19 14.5 11.63

3I2 25.17 16.56 14.28

3I3 21.72 18.88 9.75

3C 21.12 14.03 9.35

3CT2 16.27 18.41 12.04

3CT3 17.69 24.79 17.56 19.77

3CT4 26.07 37.19 20.88 21.73

3CT5 20.12 48.63 22.71 23.34 14.24

4I1 21.18 18.74 11.89

4C 21.08 12.47 8.35

4CT2 19.315 19.45 13.67

4CT3 20.57 26.86 20.15 27.74

4CT4 21.65 36.1 21.79 23.41

4CT5 18.57 48.14 22.29 22 14.97

Abbreviations in Table 4b: 
 
1I & 2I= upper right & left incisors 

1C& 2C= upper right & left canine 
1CT1 & 2CT1= upper right & left 1st cheek tooth 
1CT2 & 2CT2= upper right & left 2nd cheek tooth 

1CT3 & 2CT3= upper right & left 3rd cheek tooth 
1CT4 & 2CT4= upper right & left 4th cheek tooth 
1CT5 & 2CT5= upper right & left 5th cheek tooth 

1CT6 & 2CT6= upper right & left 6th cheek tooth 
3I1 & 4I1= lower left & right 1st incisor 
3I2 & 4I2= lower left & right 2nd incisor 

3I3 & 4I3= lower left & right 3rd incisor 
3C & 4C= lower left & right canine 
3CT1 & 4CT1= lower left & right 1st cheek tooth 

3CT2 & 4CT2= lower left & right 2nd cheek tooth 
3CT3 & 4CT3= lower right & left 3rd cheek tooth 
3CT4 & 4CT4= lower left & right 4th cheek tooth 

3CT5 & 4CT5= lower left & right 5th cheek tooth 
 
 

 

MB= mesiobuccal 
DB= distobuccal 
P=palatal 

DL=distilingual 
MD=mesiodistal 

BL= buccolingual 
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Table 4c: This table shows the teeth measurements of one male 
dromedary camel teeth (mm): 

 

 

 

 

 

 

 

 

 

 

 

224.3/ G156.53Male SomaliLand 7+years 33 1I 25.49 11.47 7.44

1C 39.54 20.42 15.95

1CT1 16.58 11.3 9.59

1CT2 25.31 15.8 14.89

1CT3 20.68 18.97 23.08

1CT4 16.68 32.04 26.41 27.15

1CT5 16.52 32.36 27.81 27.62

1CT6 18.82 36.19 28.76 24.82

2I 25.52 11.5 9.8

2C 34.67 22.38 12.47

BROKEN CROWN 2CT1

2CT2 20.09 18.6 15.29

2CT3 14.85 20.51 18.84

BROKEN/ MB CUSP FRACTURED2CT4 14.1 21.66 26.56 28.46

2CT5 14.49 29.38 28.2 28.51

2CT6 14.89 36.12 28.98 24.43

3I1 19.475 10.91 13.85

3I2 22.11 13.57 12.23

3I3 18.69 15.33 7.83

3C 26.9 26.64/15.15 12.92

MISSING 3CT1

3CT2 16.4 19.12 13.1

3CT3 17.87 22.7 18.54 20.75

3CT4 18.48 34.28 21.67 23

3CT5 17.65 48.26 22.52 21.88 17

4I1 20.15 10.59 14.52

4I2 24.06 14.84 12.67

4I3 19.36 15.9 10.56

4C 30.07 18.03/26.90 15.14

4CT1 19.68 14.66 9.94

4CT2 15.05 17.65 13.39

4CT3 14.82 22.7 17.02 19.31

4CT4 15.72 30.91 22.32 23.76

4CT5 14.7 50.28 25.83 25.39 17.79

Abbreviations in Table 4b: 
 

1I & 2I= upper right & left incisors 
1C& 2C= upper right & left canine 
1CT1 & 2CT1= upper right & left 1st cheek tooth 

1CT2 & 2CT2= upper right & left 2nd cheek tooth 
1CT3 & 2CT3= upper right & left 3rd cheek tooth 
1CT4 & 2CT4= upper right & left 4th cheek tooth 

1CT5 & 2CT5= upper right & left 5th cheek tooth 
1CT6 & 2CT6= upper right & left 6th cheek tooth 
3I1 & 4I1= lower left & right 1st incisor 

3I2 & 4I2= lower left & right 2nd incisor 
3I3 & 4I3= lower left & right 3rd incisor 
3C & 4C= lower left & right canine 

3CT1 & 4CT1= lower left & right 1st cheek tooth 
3CT2 & 4CT2= lower left & right 2nd cheek tooth 
3CT3 & 4CT3= lower right & left 3rd cheek tooth 

3CT4 & 4CT4= lower left & right 4th cheek tooth 
3CT5 & 4CT5= lower left & right 5th cheek tooth 
 

 
MB= mesiobuccal 
DB= distobuccal 

P=palatal 
DL=distilingual 
MD=mesiodistal 

BL= buccolingual 
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3.6. A PRELIMINARY STUDY FOR HSBs DEMONSTRATION 

 

At the commencement of this project, by way of a pilot study one tooth was 

examined to confirm that the proposed methodology could be successfully 

applied to camel teeth. The number of HSBs was calculated at 10 different 

segments, all of equal length, of LL deciduous canine of camel No1 as 

illustrated in Table 5. 

DEJ 36.3mm /10=3.63, each segment was 3.63mm starting from buccal 

cervical ending lingual cervical, with segment #6 is the incisal tip. 

 

Table 5: This table shows HSBs Quantitative measurements at 10 different 

segments of lower left deciduous canine in Camel No1: 

 

3.7.  HSBs REPRODUCIBILITY TEST 

In order to assess the accuracy of HSB counts, a series of ten segments were 

measured on ten different occasions at 48+ hour intervals. (Table 6) 

 

The results in table 6 and associated graph (Fig. 56) indicate there are 

differences in the number of HSBs appearing at different sections of tooth 

enamel of camel teeth. The results show reproducibility of HSBs counting 

number can have a difference ranging from 2-12, which was considered 

acceptable given the fact that it is difficult to count these bands in the enamel 

with absolute precision.  

 

 

 

 

 

Segment #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 

HSB No 13 44 70 80 67 45 75 75 71 49 
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Table 6: This table shows HSBs Quantitative Measure Reproducibility test 
 

  N HSB 

Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum Range 

  Lower 
Bound 

Upper 
Bound 

Segment 
1 

10 81.4 2.72 0.86 79.46 83.34 78 86 8 

Segment 

2 

10 104.8 2.44 0.77 103.05 106.55 102 109 7 

Segment 
3 

10 109.9 2.18 0.69 108.34 111.46 106 113 7 

Segment 
4 

10 96.3 1.42 0.45 95.29 97.31 94 98 4 

Segment 

5 

10 101.3 2.71 0.86 99.36 103.24 98 105 7 

Segment 
6 

10 85.4 3.66 1.16 82.78 88.02 80 92 12 

Segment 
7 

10 67.4 3.37 1.07 64.99 69.81 63 71 8 

Segment 

8 

10 74.1 0.57 0.18 73.69 74.51 73 75 2 

Segment 
9 

10 112.7 1.89 0.60 111.35 114.05 109 115 6 

Segment 
10 

10 60.4 2.12 0.67 58.88 61.92 55 62 7 

Figure 56: HSBs Reproducibility test graph 
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3.8. QUANTITATIVE ANALYSIS: HSBs PACKING DENSITIES ON EACH 

SURFACE OF THE SECTIONED TEETH. 

 

 

 

 

3.8.1. Introduction 

 

Using the methods described previously in Section 2.9 of the Materials and 

Methods chapter, the results are given as follows for the full extent of the labial, 

lingual, mesial, and distal surfaces of the teeth: 

 

 

• The actual ADJ lengths and magnification correction factors in buccolingual 

and mesiodistal sectioned specimens (Tables 7a,7b) 

 

• The average ADJ lengths of the individual tooth surfaces within the anterior 

teeth (Tables 8,14); 

 

• The numbers of HSBs observed on each tooth surface was determined  

     (Tables 9,15); 

 

• The mean HSB packing density on each tooth surface (Tables 10, 16),  

     (Figures: 57-61). 
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3.8.2. Length of the ADJ of individual tooth surfaces 

  

3.8.2.1. Labial and lingual surfaces 

The ADJ lengths recorded for the labial and lingual surfaces of the anterior 

teeth which showed the greatest mean values recorded for the deciduous 

anterior teeth were the labial surface of the mandibular 2nd and 1st incisors (3 

cm), followed by the lingual surface of the 2nd deciduous incisor (2.7 cm). The 

least were the maxillary canine (0.8 cm) (Tables 8).  

 

3.8.2.2. Mesial and distal surfaces 

The ADJ lengths recorded for the mesial and distal surfaces of the anterior 

teeth which showed the greatest mean values recorded for the distal surfaces 

of the mandibular deciduous incisors (2.4-2.7 cm), followed by the mesial 

surfaces of these teeth (1.5cm). The least was the mesial surface of the 

maxillary deciduous canines (0.9 cm) (Table 14). 

 

3.8.2.3. Incisal and Occlusal surfaces. 

The mean lengths of the incisal edge in all three mandibular deciduous incisors 

were in the same range of 0.6-0.7 cm (Table 14). 

 

 

3.8.3. The number of HSBs observed on each tooth surface 

 

3.8.3.1. Labial and lingual surfaces  

Within the labial and lingual surfaces examined, greater mean numbers of 

HSBs were seen on the labial surfaces of all the teeth. The greatest numbers 

were observed in the labial surface of mandibular 1st deciduous incisors (537.2) 

followed by those of the 2nd and lastly those of the 3rd incisors. The least mean 

number of HSBs observed in the anterior tooth region was on the lingual 

surface of the maxillary canine (112.6). In marked contrast to those of the other 
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teeth, there was virtually no difference in the mean HSB numbers on the labial 

(114) and lingual surfaces (113) of the maxillary canines (Table 9). 

 

3.8.3.2. Mesial and distal surfaces 

While there were essentially no differences in the HSB counts for the mesial 

and distal surfaces of the mandibular 1st deciduous incisors, in all the other 

teeth examined, the greatest mean numbers of HSBs were observed on the 

distal surfaces. The greatest mean numbers were seen on the mandibular 1st 

deciduous incisor (282.4), followed by the distal surfaces of 3rd mandibular 

incisor (276.8), and mandibular 2nd incisor (254.3). The least mean numbers of 

HSBs in anterior teeth were observed on the mesial surface of maxillary 

deciduous canine (151.9) (Table 15). 

 

3.8.3.3. Incisal and occlusal surfaces 

No HSBs were observed on the incisal edges of the mandibular incisors in the 

mesiodistal plane (Table 15). 

 

3.8.4. HSB packing densities within tooth surfaces 

 

3.8.4.1. Intra-tooth comparison of mean HSB packing densities 

 

The mean HSB packing densities observed within the tooth surfaces of each 

tooth type are reported in Tables 10, 16. This information is also presented as 

bar charts in Figures 57-61, and the statistical analysis is given in Tables 20-24. 

 

For maxillary deciduous canines, the greatest mean HSB packing densities 

were observed on the distal surface (169.595 cm-1), followed by the mesial 

surface (166.076 cm-1), and the labial surface (145.72 cm-1) (Tables 10, 16; 

Fig. 57). Statistical analysis revealed no significant differences between the 

mean HSB packing densities in the axial surfaces (p<0.05) (Table 20). 
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For mandibular deciduous 1st incisors, the greatest mean HSB packing 

densities were observed on the mesial surface (190.89 cm-1), followed by the 

labial surface (153.16 cm-1), and the lingual surface (132.04 cm-1). No HSBs 

were observed along the incisal edge of this tooth groups (Table 10, 16; Fig. 

58). Statistical analysis revealed significant differences between the mean HSB 

packing densities in the axial surfaces, and since there were no HSBs in the 

incisal edges, the most significant differences were observed between each 

axial surface and the incisal edge (p<0.05) (Table 21). 

 

For mandibular deciduous 2nd incisors, the greatest mean HSB packing 

densities were observed on the mesial surface (162.18 cm-1), followed by the 

labial surface (153.16 cm-1), and the lingual surface (132.04 cm-1) (Tables 10, 

16; Fig. 59). Statistical analysis revealed no significant differences between the 

labial and mesial surfaces, or the lingual and mesial. However, significant 

differences were observed between the labial surface and both lingual and 

distal surfaces (p<0.05), and between the lingual and the distal surface and 

between both mesial and distal surfaces compared to each other (p<0.05). The 

most significant differences were observed between each axial surface and the 

incisal edge (p<0.05) (Table 22). 

 

For mandibular deciduous 3rd incisors, the greatest mean HSB packing 

densities were observed on the labial surface (178.30 cm-1), followed by the 

lingual surface (163.69 cm-1), and the mesial surface (150.26 cm-1). Statistical 

analysis revealed no significant differences between the labial and both the 

lingual and mesial surfaces, but significant differences were observed between 

the labial surface and distal surface (p<0.05), and between the lingual surface 

and distal surface (p<0.05). Again, the most significant differences were 

observed between each axial surface and the incisal edge (p<0.05) (Tables 

10,16, 23, Fig. 60). 
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 For mandibular deciduous canines, the greatest mean HSB packing densities 

were observed on the labial surface (176.47 cm-1), followed by the lingual 

surface (168.40 cm-1), and the mesial surface (148.695 cm-1). The least mean 

HSB packing density was observed on the distal surface (115.41 cm-1) (Tables 

10, 16; Fig. 61).  Statistically significant differences observed between all axial 

surfaces and the distal surface as reported in Table 24. 

 

 

3.8.4.2. Labial and lingual surfaces 

 

The mean HSB packing densities for tooth surfaces measured in the 

labiolingual plane are given in Table 10. 

The data show that on the labial surfaces of the mandibular 1st and 3rd 

deciduous incisors, the mean HSB packing density was the highest (178.3 cm-1) 

and broadly similar together with the labial of the mandibular deciduous 

canines. No significant differences were observed between these surfaces 

(Table 25). 

 

The lingual surfaces of anterior teeth showed the highest HSB mean packing 

density in the mandibular canine, followed by the mandibular 3rd incisor, and 

mandibular 1st incisor. The least mean HSB packing density was observed in 

the lingual surface of maxillary canines (130.9 cm-1) (Tables 10). There was a 

significant difference between these surfaces only between the mandibular 2nd 

incisor and mandibular canine P= 0.011 (P >0.05) (Table 26). 

 

3.8.4.3. Mesial and distal surfaces 

 

The mean HSB packing densities for tooth surfaces measured in the 

mesiodistal plane are given in Table 16. 

The data show that on the mesial surfaces of the mandibular incisors, the mean 

HSB packing density is quite similar, with the greatest being found on the 1st 
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deciduous incisor (190.89 cm-1). Followed by the mesial surface of maxillary 

deciduous canine (166.5 cm-1) and the least on the mesial surface of 

mandibular canines (148.695 cm-1) (Table 16). No statistically significant 

differences were observed between these surfaces (Table 27). 

 

The distal surfaces of the anterior teeth showed the highest mean HSB packing 

density in the maxillary canines, and the least on the distal surface of the 

mandibular 2nd incisor (106.04 cm-1). The HSB packing density showed similar 

values on the distal surfaces of mandibular 1st, 3rd incisors and mandibular 

canines (Table 16). Significant difference was found between mean HSB 

packing density on the distal surfaces of maxillary canines and all mandibular 

incisors and canines (Table 28). 

  

3.8.4.4. Incisal and occlusal surfaces 

 

The incisal edges of all the mandibular deciduous incisor teeth were examined 

in the mesiodistal plane. No HSBs were found in any of the 10 specimens 

studied in either tooth group (Table 16).  

 

3.8.5. Conclusion  

 

Based on the results of this investigation, there are variations in the distribution 

of HSBs within dromedary camel anterior teeth when the mean HSB packing 

densities are considered according to tooth surface.  
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3.9.  QUANTITATIVE ANALYSIS: HSB PACKING DENSITIES ON EACH 

SEGMENT OF EACH SURFACE OF THE SECTIONED TEETH 

 

3.9.1. Introduction 

 

Using the methods described previously in Section 2.9 of the Materials and 

Methods chapter, the results are given as follows for the extent of each 

segment on each surface of the teeth: 

 

• The length of the ADJ within the individual tooth segments was 

determined (Tables 11, 17); 

 

• The number of HSBs observed in each tooth segment was determined 

(Tables 12, 18); 

 

• The mean HSB packing density in each tooth segment was calculated 

(Tables 13, 19; Figures 62-71). 



163 

 

3.9.2. Length of the ADJ of individual tooth segments 

 

  

3.9.2.1. Labial and lingual surfaces 

 

The mean ADJ lengths for the labial and lingual tooth segments were recorded 

for the respective labial and lingual tooth surfaces and divided evenly into four 

segments. The mean ADJ lengths recorded for the labial tooth segments in 

mandibular anterior teeth were greater than those in the maxilla (maxillary 

canines) (Table 11). The greatest mean values recorded for the anterior tooth 

segments were those on the labial surface of the mandibular 2nd incisor (0.82 

cm), followed by the labial surface of the mandibular 1st incisor (0.78 cm) and 

the lingual surface of mandibular 2nd incisors (0.67 cm). Mandibular 3rd incisor 

and canines have almost similar mean ADJ segment length in the labial surface 

(0.60 cm), and the lingual (0.51 cm). The least mean ADJ were the labial and 

lingual surfaces of the maxillary canine (0.2 cm each) (Table 11). 

 

3.9.2.2. Mesial and distal surfaces 

 

The mean ADJ lengths for the mesial and distal tooth segments were recorded 

for the respective mesial and distal tooth surfaces and divided evenly into four 

segments. Within the mesiodistal sections, the mean ADJ lengths recorded for 

the mesial and distal tooth segments of the anterior teeth were greater in the 

mandibular teeth than the maxilla. (Table 17). The greatest mean values 

recorded for the anterior teeth were the distal segments of the mandibular 3rd 

incisor (0.67 cm) followed by the distal segments of the mandibular 1st and 2nd 

incisors (0.61 cm) and the distal segments of the mandibular canine (0.51 cm), 

while the least was the mesial and distal surfaces of maxillary canines (0.2 cm) 

(Table 17).  
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3.9.2.3.  Incisal and occlusal surfaces 

  

For the incisal edge of the mandibular incisors, the mean ADJ lengths recorded 

for the respective mesial and distal tooth surfaces were divided evenly into two 

segments. The mean length of the incisal edge segments in mandibular 1st, 2nd 

and 3rd incisors was 0.35 cm, 0.36 cm, and 0.33 cm respectively (Table 17). 

 

 

3.9.3. The numbers of HSBs observed in each tooth segment 

 

3.9.3.1. Labial and lingual surfaces 

 

In the labial and lingual surfaces, a trend was observed towards increased 

mean numbers of HSBs in the lower and upper middle quarters, with fewer 

HSBs in the incisal and cervical quarters in the anterior teeth. 

 

In the maxillary deciduous canines, the highest mean number of HSBs was 

observed in the lower middle quarter on the labial surface (36.0), followed by 

the upper and lower middle quarter segments in the palatal surface (31.11), and 

then the least mean number of HSBs on these axial surfaces was observed in 

the labial cervical quarter segment (21.78) (Table 12).  

 

In the mandibular 1st deciduous incisors, the highest mean number of HSB 

observed was in labial upper middle quarter segment (158.5), followed by the 

labial lower middle quarter segments (155.1), then the lingual lower middle 

quarter segment (120.4). The least mean number of HSB observed on these 

axial surfaces was in the lingual incisal quarter (57.3) (Table 12). 

 

In the mandibular 2nd deciduous incisors, the highest mean number of HSB was 

observed in the labial lower middle quarter (166.4), followed by the upper 

middle quarter segment of the same surface, then the lower middle quadrant of 
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the lingual surface. The mean number HSBs reduces in the cervical quarter 

segment of the lingual surface (69.6), and the least mean number of HSBs on 

these axial surfaces was observed in the lingual incisal quarter segment of this 

tooth group (68.4) (Table 12).  

 

In the mandibular 3rd deciduous incisors, the highest mean number of HSBs 

was observed in the labial upper middle quarter segment (121.5), and the 

lowest was detected on these axial surfaces in the labial cervical quarter 

segment (67). The same was detected in the mandibular canines which had the 

highest mean number of HSBs in the labial upper middle quarter segment 

(98.5), and the lowest in the labial cervical quarter (47.5) (Table 12). 

 

The greatest mean number of HSBs observed in anterior tooth segments 

occurred in the lower middle quarter segment of the mandibular 2nd incisors 

(166.4), followed by the labial upper middle quarter on the mandibular 1st 

incisors (158.5), then the mandibular 3rd incisor same segment (126.5). The 

least mean number of HSBs was observed on these axial surfaces in the labial 

cervical quarter segment of maxillary canines (21.7) (Table 12).  

 

 

3.9.3.2. Mesial and distal surfaces 

  

Within the mesial and distal surfaces, the highest mean number of HSBs was 

observed in the distal and mesial middle quarter segments, and the distal 

cervical quarter segments in some teeth groups, and the least mean number of 

HSBs on these axial surfaces was detected in the mesial and distal incisal 

quadrant segments (Table 18). 

 

In the maxillary canines, the highest mean number of HSBs was observed in 

the distal lower middle quarter (49.56), followed by the mesial lower middle 

quarter (48.78), then the distal cervical quarter segment (46.56). The mean 
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number of HSBs reduces in the mesial cervical quarter segment (33.0), 

followed by the mesial incisal quarter (27.0), and the least mean number of 

HSB was detected in the distal incisal quarter segment (24.67) (Table 18).  

 

In the mandibular 1st incisors, the highest mean number of HSBs was detected 

in the mesial lower middle quarter segment (89.4), followed by the distal 

cervical quarter segment (79.3), then the distal lower middle quarter segment 

(75.1). Similar value of HSB numbers were detected in the mesial (74.6) and 

distal (74.0) upper middle quarter segments, reducing to 63.0 in the mesial 

cervical quarter segment, and 54.0 in the distal incisal quarter segment (Table 

18). 

 

In the mandibular 2nd incisors, the distal cervical quarter segment had the 

highest mean number of HSBs (79.8), followed by the mesial lower middle 

quarter segment (76.8), then the mesial (66.6) and distal (62.3) upper middle 

quarter segments. The distal and mesial incisal quarter segments on these axial 

surfaces had the least mean numbers of HSBs (52.6 and 44.1 respectively) 

(Table 18). 

 

In the 3rd mandibular incisors, the highest mean number of HSBs detected was 

in the distal upper middle quarter segment (79.0), followed by the distal lower 

middle quarter (73.0), and the cervical quarter segment of the same distal 

surface (66.0). The least mean number of HSBs on these axial surfaces was 

again seen in the mesial incisal quarter segment (44.0) (Table 18).  

 

In the mandibular canines, the distal lower middle quarter segment had the 

highest mean number of HSBs (62.0), followed by the distal cervical quarter 

segment 59.1, then the distal upper middle quarter segment (56.0). The number 

reduces in the mesial cervical quarter segment (44.0), and the least mean 

number of HSBs was observed in the mesial incisal quarter segment (27.0) 

(Table 18).   
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Therefore, the highest mean number of HSBs in all the anterior teeth of 

dromedary camels was observed in the mesial lower middle quarter segment of 

mandibular 1st incisors (89.4), and the lowest mean number was in the distal 

incisal quarter segment of maxillary canines (24.67) (Table 18). 

 

3.9.3.3. Incisal surfaces 

 

No HSBs were observed in the incisal edge region of all the mandibular incisors 

sectioned in the mesiodistal plane (Table 18). 

 

 

3.9.4. Mean HSB packing density within tooth segments 

 

3.9.4.1. Intra-tooth group comparison of mean HSB packing densities: 

buccolingual plane 

 

The mean HSB packing density in the buccolingual plane for the different types 

of teeth examined is given in Table13 and represented as a series of bar charts 

in Figs. 62-66. The data show that the overall pattern of HSB packing density is 

very similar, but not identical, on the labial and palatal sides. It is greater in the 

lower and upper middle quarters, and reduces in both the incisal and cervical 

quarters. For maxillary mandibular 1st, 2nd, 3rd deciduous incisors and lower 

deciduous canines, the mean packing density in the lower middle quarter is 

approximately twice that of the cervical quarter, but this difference is less in the 

maxillary canines.  

 

The mean HSB packing density in the incisal quarter is slightly greater on the 

labial side than on the palatal or lingual side for all maxillary and mandibular 

anterior teeth (Figs. 62-66). 
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3.9.4.2.  Intra-tooth group comparison of mean HSB packing densities: 

mesiodistal plane 

 

The mean HSB packing density in the mesiodistal plane for the different types 

of teeth examined is given in Tables 19 and represented as a series of bar 

charts in Figs. 67-71. The data show that the overall pattern of HSB packing 

density is very similar, but not identical, on the mesial and distal sides in all 

anterior teeth. It is greater in the mesial lower middle quarter, and least in the 

distal incisal quarter. The maxillary canine has the highest mean HSB packing 

density on the distal side segments among all other anterior teeth, almost twice 

that of the other teeth (Figs. 75).  

 

Examination of the incisal edges of the mandibular incisors revealed an 

absence of HSBs in this region (Figs. 68,69,70). 

 

 

3.9.4.3. Intra-tooth group comparison of mean HSB packing densities: 

statistical analysis  

 

When comparing individual segments within anterior teeth, it was found that 

most of the segments within maxillary canines, mandibular 1st ,2nd, 3rd incisors, 

and mandibular canines, were significantly different to each other (p<0.05). 

There were occasional comparisons which were not significantly different; these 

combinations commonly involved the incisal quarter, cervical quarter, and 

occasionally the upper and lower middle quarters, on the axial surfaces (Tables 

29-33).  

 

In maxillary deciduous canines, all segments were found significantly different 

to each other in the mean HSB packing density except the cervical quarter in 

comparison to the upper middle quarter (Table 29). 



169 

 

In mandibular 1st and 2nd deciduous incisors, the mean HSB packing densities 

in all the segments were found significantly different to each other except when 

the cervical quarter was compared to the incisal quarter (Table 30,31). 

 

In mandibular 3rd deciduous incisors, all segments mean HSB packing densities 

were found to be significantly different to each other except when the upper and 

lower middle quarter were compared (Table 32). 

 

In mandibular deciduous canines, there was no significant difference in mean 

HSB packing density between the cervical and the incisal quarter segments, 

and there was no significant difference between the upper and lower middle 

quarter segments (Table 33). 

 

 

3.9.4.4. Inter-tooth comparison of mean HSB packing densities: 

comparison of segments in the cervical quarters of the axial 

surfaces. 

 

When all the corresponding segments in all the teeth are compared in terms of 

the mean HSB packing densities within them, the cervical quarter was found to 

have the second lowest mean HSB packing densities observed on the axial 

surfaces of the teeth. This was a statistically significant finding in most cases 

(p<0.05) (Tables 29 – 33).  

 

No apparent trend is obvious when the mean HSB packing densities in the 

cervical quarters are compared between the different types of teeth. Compared 

with the other anterior teeth, the highest mean HSB packing density was found 

in the cervical quarter of the distal surface in the maxillary canines.   
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3.9.4.5. Inter-tooth comparison of mean HSB packing densities:  

              comparison of segments in the lower middle quarter of the 

axial surfaces. 

 

The highest mean HSB packing densities observed on the axial surfaces within 

all tooth groups were in the lower middle quarters (p<0.05) (Tables 13,19, 29-

33).  

 

No consistent trends are observed when comparing mean HSB packing 

densities found in the lower middle quarters between the different types of teeth 

examined. The values observed are comparable, with the greatest mean values 

on the mesial surface of the mandibular 1st deciduous incisor, and the lowest 

on the distal surface of the mandibular 2nd incisor (Fig. 77). Significant 

differences were found between the lower middle quarter segment and other 

segments, with the exception of the upper middle segment of mandibular 

deciduous 3rd incisor and mandibular deciduous canines (Tables 28-32). 

 

3.9.4.6. Inter-tooth comparison of mean HSB packing densities: 

comparison of segments in the upper middle quarter of the 

axial surfaces. 

 

The mean HSB packing densities observed in the upper middle quarters of the 

axial surfaces of all tooth groups were found to have the second highest mean 

values after the lower middle quarter, significantly greater than those observed 

in either the cervical or incisal quarters (p<0.05) (Tables 29-33). 

 

The greatest mean values in this segment were found on the on the lingual 

surface of the mandibular 3rd deciduous incisor, and the lowest on the distal 

surface of the mandibular 2nd deciduous incisor (Fig. 78). With few exceptions, 

significant differences were found between the upper middle quarter segment 

and the other segments (Tables 29-33). 
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3.9.4.7. Inter-tooth comparison of mean HSB packing densities: 

comparison of segments in the incisal quarter of the axial 

surfaces. 

The mean HSB packing densities observed in the incisal quarters of the axial 

surfaces of all tooth groups were the lowest among those observed in any of 

the other segments on the axial surfaces (Tables 13,18, 29-33). Significant 

difference was found between the mean HSB packing density in this segment 

and all other segments in all teeth except in comparison with the cervical 

quarter in mandibular 1st, 2nd deciduous incisors and mandibular canines. A 

consistent trend was seen in the mean HSB packing densities in the incisal 

quarters in all anterior teeth. For this segment, the greatest mean HSB packing 

densities were found in the labial surface of mandibular 3rd incisor, and the 

lowest were found in the distal surface of the mandibular canine (Fig.79).  

 

3.9.4.8. Comparison of mean HSB packing densities in different tooth 

surfaces and segments of the axial surfaces of the anterior teeth 

between both human and dromedary camel teeth.  

When comparing the packing densities of HSBs in human anterior teeth to 

dromedary camels. In humans, the maxillary and mandibular canines had similar 

packing densities per mm-1 in the labial surfaces (9) and the palatal (9), as well in 

the mesial and distal surfaces (7.6). Mandibular incisors had more HSBs on the 

labial (8.8) than the lingual (8.4), and more on the mesial (7.7) than on the distal 

surface (7.2) with no HSBs on the incisal surface (Lynch, 2007a). There was 

consistent increase pattern of mean number HSB from the cervical quarter to the 

incisal quarter (Lynch, 2007a). Whereas in dromedary camel teeth, more HSBs 

were found on the labial surfaces than the lingual surfaces in all anterior teeth, and 

more on the mesial surface than the distal of all mandibular incisors and canines, 

but in the maxillary canine the packing density was higher on the distal surface 

than the mesial. There were no HSBs on the incisal edges of lower incisors (Tables 

10, 16). In addition, the highest mean number of HSB was found in the labial 

middle quarter with no consistent increase along labial and lingual surfaces (Tables 

13, 19). 
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Table7a: This table shows how the actual lengths of the ADJ were calculated for the labial and lingual surfaces of each  

                tooth sectioned in the labiolingual plane: 

Tooth 
No 

Camel 
No ADJ labial l ingual 

labial 
sec/4 

lingual 
sec/4 

BL width 
in pic 

actual BL 
width 

% 
magnification 

Actual 
ADJ 

actual 
labial 

Actual 
l ingual 

Actual 
labial 
sec/4 

Actual 
l ingual 
sec/4 

3DI1 1 34.30 20.50 13.80 5.13 3.45 4.80 0.77 6.20 5.53 3.31 2.23 0.83 0.56 

 2 37.50 21.80 15.70 5.45 3.93 7.15 1.08 6.63 5.65 3.29 2.37 0.82 0.59 

 3 49.80 25.00 24.80 6.25 6.20 6.80 1.09 6.22 8.01 4.02 3.99 1.01 1.00 

 4 46.80 25.50 21.30 6.38 5.33 7.35 0.95 7.77 6.02 3.28 2.74 0.82 0.69 

 5 47.40 24.70 22.70 6.18 5.68 8.85 1.01 8.74 5.43 2.83 2.60 0.71 0.65 

4DI1 1 30.45 17.95 12.50 4.49 3.13 4.00 0.46 8.70 3.50 2.06 1.44 0.52 0.36 

 2 42.60 23.30 19.30 5.83 4.83 7.10 0.83 8.61 4.95 2.71 2.24 0.68 0.56 

 3 30.80 19.60 11.20 4.90 2.80 6.75 0.92 7.36 4.18 2.66 1.52 0.67 0.38 

 4 39.30 21.30 18.00 5.33 4.50 5.40 0.82 6.60 5.95 3.23 2.73 0.81 0.68 

 5 37.00 21.60 15.40 5.40 3.85 6.30 1.09 5.80 6.38 3.73 2.66 0.93 0.66 
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Table7b: This table shows how the actual lengths of the ADJ were calculated for the mesial and distal surfaces of each  

                tooth sectioned in the mesiodistal plane: 

 

Tooth No 
Camel 
No ADJ Mesial Distal  

Mesial 
sec/4 

Distal 
sec/4 

MD 
width 
in pic 

actual 
MD 
width 

% 
magnification 

Actual 
ADJ 

actual 
Mesial  

Actual 
Distal  

Actual 
Mesial 
sec/4 

Actual 
Distal 
sec/4 

1DC 1 14 6.7 7.3 1.68 1.83 4.95 0.458 10.808 1.295 0.620 0.675 0.155 0.169 

 2 12.7 6.7 6 1.68 1.5 3.8 0.685 5.547 2.289 1.208 1.082 0.302 0.270 

 3 12.3 5.9 6.4 1.48 1.6 3.3 0.55 6.000 2.050 0.983 1.067 0.246 0.267 

 4 11.8 6.6 5.2 1.65 1.3 3.2 0.531 6.026 1.958 1.095 0.863 0.274 0.216 

 5 9.9 3.8 6.1 0.95 1.53 3.6 0.667 5.397 1.834 0.704 1.130 0.176 0.283 

2DC 2 13.4 8.1 5.3 2.03 1.33 4.4 0.601 7.321 1.830 1.106 0.724 0.277 0.181 

 3 10.2 5.1 5.1 1.28 1.28 2.6 0.549 4.736 2.154 1.077 1.077 0.269 0.269 

 4 13.2 6.3 6.9 1.58 1.73 3.9 0.534 7.303 1.807 0.863 0.945 0.216 0.236 

 5 13.9 6.6 10.1 1.6 2.53 4.9 0.562 8.719 1.594 0.757 1.158 0.184 0.290 
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Table 8: This table shows the mean lengths of the ADJ for the labial  

                      and lingual surfaces of each tooth sectioned in the  

                      labiolingual plane. 

 

Tooth Number of 
teeth in 

sample 

Surface Mean 
length 

(cm) 

Standard 
Deviation 

Maxillary Canines 
1DC & 2DC 

9 Labial 0.87 
 

0.39 
 

Lingual 0.95 
 

0.26 
 

Mandibular 1st 

Incisors  
3DI1 & 4DI1 

10 Labial 3.11 

 

0.47 

 

Lingual 2.45 
 

0.47 
 

Mandibular 2nd 
Incisors  

3DI2 & 4DI2 

10 Labial 3.29 
 

0.34 
 

Lingual 2.69 

 

0.21 

 

Mandibular 3rd 
Incisors  
3DI3 & 4DI3 

10 Labial 2.35 
 

0.47 
 

Lingual 2.01 
 

0.24 
 

 

Mandibular Canines 
3DC & 4DC 

 

10 

Labial 1.84 

 

0.32 

 

Lingual 1.62 
 

0.29 
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Table 9:  This table shows the mean numbers of HSBs for the labial and  
                lingual surfaces of each tooth sectioned in the labiolingual  

                plane. 
 

 
Tooth Number of 

teeth in 
sample 

Surface Mean 
number  

Standard 
Deviation 

Maxillary Canines 

1DC & 2DC 

9 Labial 113.89 

 

40.57 

 

Lingual 112.67 
 

41.28 
 

Mandibular 1st 
Incisors  

3DI1 & 4DI1 

10 Labial 537.2 
 

116.33 
 

Lingual 344.1 

 

112.81 

 

Mandibular 2nd 
Incisors  
3DI2 & 4DI2 

10 Labial 503.1 
 

103.34 
 

Lingual 358.6 
 

97.91 
 

Mandibular 3rd 

Incisors  
3DI3 & 4DI3 

10 Labial 409 

 

59.72 

 

Lingual 320.6 
 

74.71 
 

 
Mandibular Canines 

3DC & 4DC 

 
10 

Labial 320.9 
 

74.45 
 

Lingual 270.2 

 

59.25 

 

 
 
  



176 

 

Table 10: This table shows the mean HSB packing densities expressed as 
                 numbers of HSBs per cm for the labial and lingual surfaces of  

                 each tooth sectioned in the labiolingual plane. 
 

 
 

Tooth Number of 
teeth in 

sample 

Surface Mean 
density 

(cm-1) 

Standard 
Deviation 

Maxillary Canines 
1DC & 2DC 

9 Labial 145.72 
 

53.45 
 

Lingual 130.94 
 

63.11 
 

Mandibular 1st 

Incisors  
3DI1 & 4DI1 

10 Labial 178.39 

 

43.58 

 

Lingual 146.28 
 

51.15 
 

Mandibular 2nd 
Incisors  

3DI2 & 4DI2 

10 Labial 153.16 
 

33.19 
 

Lingual 132.04 

 

30.38 

 

Mandibular 3rd 
Incisors  
3DI3 & 4DI3 

10 Labial 178.30 
 

36.86 
 

Lingual 163.69 
 

39.68 
 

 

Mandibular Canines 
3DC & 4DC 

 

10 

Labial 176.47 

 

34.07 

 

Lingual 168.40 
 

26.89 
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Table 11: This table shows the number of segments and the mean length  
                 of the ADJ in each segment on the labial and lingual surfaces of  

                 each tooth sectioned in the labiolingual plane. 
 

 
 

Tooth Number of 
teeth in 

sample 

Surface Number of 
segments  

Mean 
length 

(cm) 
 

Standard 
Deviation 

Maxillary 
Canines 

1DC & 2DC 

9 Labial 4 0.22 
 

0.10 
 

Lingual 4 0.24 

 

0.07 

 

Mandibular 1st 
Incisors  
3DI1 & 4DI1 

10 Labial 4 0.78 
 

0.12 
 

Lingual 4 0.61 
 

0.12 
 

Mandibular 2nd 

Incisors  
3DI2 & 4DI2 

10 Labial 4 0.82 

 

0.086 

 

Lingual 4 0.67 
 

0.053 
 

Mandibular 3rd 
Incisors  

3DI3 & 4DI3 
 
 

10 Labial 4 0.59 
 

0.12 
 

Lingual  

4 0.51 
 

0.059 
 

Mandibular 

Canines 
3DC & 4DC 
 

 

10 Labial  

4 0.60 0.21 

Lingual  
 
4 0.51 0.12 
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Table 12: This table shows the mean numbers of HSBs for each segment 
                 on the labial and lingual surfaces of each tooth sectioned in the  

                 labiolingual plane. 
Tooth Number of 

teeth  

in sample 

Segment Name of 
Segment 

Mean 
number 

Standard 
Deviation 

 
 

Maxillary 
Canines 
1DC & 2DC 

 
 

9 

 
Labial 

Cervical Qtr 21.78 
 

7.17 
 

Lwr Middle Qtr 36 

 

12.10 

 

Upr Middle Qtr 30.44 
 

16.67 
 

Incisal Qtr 25.667 
 

13.473 
 

 

Lingual 

Cervical Qtr 26.11 

 

9.59 

 

Lwr Middle Qtr 31.11 
 

12.39 
 

Upr Middle Qtr 31.11 
 

15.87 
 

Incisal Qtr 24.33 

 

12.71 

 

 
Mandibular 
1st Incisors  

3DI1 & 4DI1 

 
 

10 

 
Labial 

Cervical Qtr 104.6 
 

31.44 
 

Lwr Middle Qtr 155.1 
 

36.58 
 

Upr Middle Qtr 158.5 

 

38.09 

 

Incisal Qtr 119 
 

55.62 
 

 
Lingual 

Cervical Qtr 84.7 
 

35.63 
 

Lwr Middle Qtr 120.4 

 

34.84 

 

Upr Middle Qtr 81.7 
 

27.78 
 

Incisal Qtr 57.3 
 

40.69 
 

 

Mandibular 
2nd Incisors  
3DI2 & 4DI2 

Mandibular 
2nd Incisors  
3DI2 & 4DI2 

 

 
10 

 

Labial 

Cervical Qtr 94 

 

36.95 

 

Lwr Middle Qtr 166.4 
 

35.94 
 

Upr Middle Qtr 148.6 
 

30.81 

Incisal Qtr 94.1 

 

46.10 

 

 
Lingual 

Cervical Qtr 69.6 
 

23.12 
 

Lwr Middle Qtr 126.5 
 

29.13 
 

Upr Middle Qtr 94.1 

 

33.25 

 

Incisal Qtr 68.4 
 

47.28 
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Tooth Number of 
teeth  

in sample 

Segment Name of 
Segment 

Mean 
number 

Standard 
Deviation 

 

 
Mandibular 
3rd Incisors  

3DI3 & 4DI3 

 

 
10 
 

 

Labial 

Cervical Qtr 67 

 

26.24 

 

Lwr Middle Qtr 121.5 
 

27.84 
 

Upr Middle Qtr 116.1 
 

19.56 
 

Incisal Qtr 104.4 

 

25.028 

 

 
Lingual 

Cervical Qtr 40.3 
 

12.68 
 

Lwr Middle Qtr 88.5 
 

20.28 
 

Upr Middle Qtr 105.9 

 

25.56 

 

Incisal Qtr 85.9 
 

39.18 
 

 
 

Mandibular 
Canines 
3DC & 4DC 

 
 

10 

 
Labial 

Cervical Qtr 47.5 
 

23.79 
 

Lwr Middle Qtr 94.6 

 

34.37 

 

Upr Middle Qtr 98.5 
 

22.85 
 

Incisal Qtr 80.3 
 

18.41 
 

 

Lingual 

Cervical Qtr 49.1 

 

17.13 

 

Lwr Middle Qtr 81.9 
 

12.66 
 

Upr Middle Qtr 80.1 
 

23.56 
 

Incisal Qtr 59.1 

 

23.06 
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Table 13:   This table shows the mean HSB packing densities expressed  

                   as the number of HSBs per cm for each segment on the labial 

                   and lingual surfaces of each tooth sectioned in the labiolingual  

                   plane. 

Tooth Number of 
teeth  

in sample 

Segment Name of Segment Mean 
density 
(cm-1) 

Standard 
Deviation 

 
Maxillary 
Canines 
1DC & 2DC 

 
 
9 

 
Labial 

Cervical Qtr 127.95 
 

85.29 
 

Lwr Middle Qtr 178.12 
 

51.62 
 

Upr Middle Qtr 149.32 
 

75.86 
 

Incisal Qtr 127.49 
 

72.48 
 

Lingual Cervical Qtr 123.33 
 

63.47 
 

Lwr Middle Qtr 144.18 
 

67.20 
 

Upr Middle Qtr 142.03 
 

90.24 
 

Incisal Qtr 114.22 
 

68.24 
 

 
 
Mandibular 
1st Incisors  
3DI1 & 4DI1 

 
 

10 

 
Labial 

Cervical Qtr 137.24 
 

39.88 
 

Lwr Middle Qtr 206.21 
 

60.09 
 

Upr Middle Qtr 209.96 
 

49.798 
 

Incisal Qtr 160.17 
 

74.64 
 

 
Lingual 

Cervical Qtr 138.58 
 

52.96 
 

Lwr Middle Qtr 209.73 
 

65.25 
 

Upr Middle Qtr 142.55 
 

64.03 
 

Incisal Qtr 94.26 
 

71.30 
 

 
 
Mandibular 
2nd Incisors  
3DI2 & 4DI2 

 
 

10 

 
Labial 

Cervical Qtr 113.52 
 

43.62 
 

Lwr Middle Qtr 203.37 
 

30.87 
 

Upr Middle Qtr 182.93 
 

45.26 
 

Incisal Qtr 112.78 
 

57.54 
 

 
Lingual 

Cervical Qtr 104.84 
 

39.08 
 

Lwr Middle Qtr 187.36 
 

40.13 
 

Upr Middle Qtr 138.76 
 

41.32 
 

Incisal Qtr 97.19 
 

62.72 
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Tooth Number of 
teeth  

in sample 

Segment Name of Segment Mean 
density 
(cm-1) 

Standard 
Deviation 

 
Mandibular 
3rd Incisors  
3DI3 & 4DI3 
 

 
 

10 

 
Labial 

Cervical Qtr 117.17 
 

45.22 
 

Lwr Middle Qtr 213.59 
 

66.89 
 

Upr Middle Qtr 200.09 
 

29.58 
 

Incisal Qtr 182.36 
 

56.03 
 

 
Lingual 

Cervical Qtr 85.17 
 

39.41 
 

Lwr Middle Qtr 178.06 
 

34.58 
 

Upr Middle Qtr 213.61 
 

40.71 
 

Incisal Qtr 177.95 
 

84.27 
 

 
Mandibular 
Canines 
3DC & 4DC  
 
 
 
 
 
 
 
 
Mandibular 
Canines 
3DC & 4DC 

 
 

10 

 
Labial 

Cervical Qtr 89.35 
 

55.58 
 

Lwr Middle Qtr 177.08 
 

108.97 
 

Upr Middle Qtr 187.57 
 

99.27 
 

Incisal Qtr 150.72 
 

75.26 
 

 
Lingual 

Cervical Qtr 108.69 
 

50.61 
 

Lwr Middle Qtr 176.63 
 

66.05 
 

Upr Middle Qtr 173.94 
 

74.28 
 

Incisal Qtr 129.56 
 

66.49 
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Table 14:  This table shows the mean lengths of the ADJ for the mesial 

                   and distal surfaces of each tooth sectioned in the  

                   mesiodistal plane. 

 

 
 
 Tooth Number of 

teeth in 
sample 

Surface Mean length 

(cm) 

Standard 

Deviation 

Maxillary Canines 
1DC & 2DC 

 
9 

Mesial 0.93 
 

0.25 
 

Distal 0.97 
 

0.18 
 

Mandibular 1st Incisors  

3DI1 & 4DI1 

 

10 

Mesial 1.49 

 

0.30 

 

Incisal 0.64 
 

0.22 
 

Distal 2.43 
 

0.34 
 

Mandibular 2nd Incisors  

3DI2 & 4DI2 

 

10 

Mesial 1.55 

 

0.66 

 

Incisal 0.71 
 

0.36 
 

Distal 2.44 
 

0.94 
 

Mandibular 3rd Incisors  

3DI3 & 4DI3 
 

 

10 

Mesial 1.51 

 

0.60 

 

Incisal 0.65 
 

0.35 
 

Distal 2.68 
 

1.11 
 

Mandibular Canines 

3DC & 4DC 

10 Mesial 1.22 

 

0.31 

 

Distal 2.02 
 

0.56 
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Table 15:  This table shows the mean numbers of HSBs for the mesial 

                  and distal surfaces of each tooth sectioned in the mesiodistal  

                  plane. 

 

 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

 Tooth Number of 
teeth in 

sample 

Surface Mean 
number 

Standard 
Deviation 

Maxillary Canines 
1DC & 2DC 

 
9 

Mesial 151.89 
 

36.01 
 

Distal 162.67 
 

41.297 
 

Mandibular 1st Incisors  

3DI1 & 4DI1 
 

 

10 

Mesial 283.5 

 

80.28 

 

Incisal 0 0 

Distal 282.4 
 

101.66 
 

Mandibular 2nd incisors  

3DI2 & 4DI2 

 

10 

Mesial 239.9 

 

93.22 

 

Incisal 0 0 

Distal 254.3 

 

105.56 

 

Mandibular 3rd Incisors  
3DI3 & 4DI3 
 

 
10 

Mesial 219.7 
 

76.66 
 

Incisal 0 0 

Distal 276.8 

 

112.002 

 

Mandibular Canines 
3DC & 4DC 

 
10 

Mesial 165.5 
 

30.999 
 

Distal 208.9 
 

46.92 
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Table 16: This table shows the mean HSB packing densities expressed  

                      as numbers of HSBs per cm for the mesial and distal  

                      surfaces of each tooth sectioned in the mesiodistal plane. 

 

 

 

 

 

 

 

 

 

 Tooth Number of 

teeth in 
sample 

Surface Mean 

density 
(cm-1 

Standard 

Deviation 

Maxillary Canines 

1DC & 2DC 

 

9 

Mesial 166.076 

 

42.14 

 

Distal 169.595 
 

37.38 
 

Mandibular 1st Incisors  
3DI1 & 4DI1 

 

 
10 

Mesial 190.89 
 

39.69 
 

Incisal 0 0 

Distal 115.81 
 

36.94 
 

Mandibular 2nd incisors  
3DI2 & 4DI2 

 
10 

Mesial 162.18 
 

67.32 
 

Incisal 0 0 

Distal 106.04 
 

41.77 
 

Mandibular 3rd Incisors  

3DI3 & 4DI3 
 

 

10 

Mesial 150.26 

 

56.14 

 

Incisal 0 0 

Distal 112.41 
 

61.001 
 

Mandibular Canines 

3DC & 4DC 

 

10 

Mesial 148.695 

 

68.16 

 

Distal 115.41 
 

61.27 
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Table 17: This table shows the number of segments and the mean  

                      length of ADJ in each segment on the mesial and distal  

                      surfaces of each tooth sectioned in the mesiodistal plane. 

 

 

 

Tooth Number of  
teeth  

in sample 

Surface Number of 
segments  

Mean 
length 

(cm) 
 

Standard 
Deviation 

Maxillary 
Canines  

1DC & 2DC 

 
9 

Mesial 4 0.23 
 

0.052 
 

Distal 4 0.24 

 

0.045 

 

Mandibular 
1st Incisors  
3DI1 & 4DI1 

 
10 

Mesial 4 0.37 
 

0.076 
 

Incisal 2 0.35 
 

0.16 
 

Distal 4 0.61 

 

0.086 

 

Mandibular 
2nd Incisors  
3DI2 & 4DI2 

 
10 

Mesial 4 0.39 
 

0.17 
 

Incisal 2 0.36 
 

0.18 
 

Distal 4 0.61 

 

0.24 

 

Mandibular 
3rd Incisors  
3DI3 & 4DI3 

 

 
10 

Mesial 4 0.38 
 

0.15 
 

Incisal 2 0.33 
 

0.17 
 

Distal 4 0.67 

 

0.28 

 

Mandibular 
Canines 
3DC & 4DC 

10 Mesial 4 0.31 
 

0.08 
 

Distal 4 0.51 
 

0.14 
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Table 18: This table shows the mean numbers of HSBs for each  
                      segment on the mesial and distal surfaces of each tooth 

                      sectioned in the mesiodistal plane. 
 

 
Tooth Number of 

teeth  
in sample 

Segment Name of Segment Mean 
number 

Standard 
Deviation 

 

 
Maxillary 
Canines  

1DC & 2DC 

 

 
9 

 

Mesial 

Cervical Qtr 33 

 

10.22 

 

Lwr Middle Qtr 48.78 
 

12.72 
 

Upr Middle Qtr 42.33 
 

14.097 
 

Incisal Qtr 27.78 

 

6.20 

 

 
Distal 

Cervical Qtr 46.56 
 

16.62 
 

Lwr Middle Qtr 49.56 
 

17.36 
 

Upr Middle Qtr 41.89 

 

9.76 

 

Incisal Qtr 24.67 
 

8.75 
 

 
 

Mandibular 
1st Incisors  
3DI1 & 4DI1 

 
 

10 

 
Mesial 

Cervical Qtr 63 20.65 

Lwr Middle Qtr 89.4 

 

29.62 

 

Upr Middle Qtr 74.6 
 

27.38 
 

Incisal Qtr 56.5 
 

23.434 
 

Incisal Mesial Incisal Half 0 0 

Distal Incisal Half 0 0 

 
Distal 

Cervical Qtr 79.3 
 

22.67 
 

Lwr Middle Qtr 75.1 

 

31.84 

 

Upr Middle Qtr 74 
 

36.46 
 

Incisal Qtr 54 
 

29.044 
 

 

 
Mandibular 
2nd Incisors  

3DI2 & 4DI2 
 
 

 
 
 

 

 
10 

 

Mesial 

Cervical Qtr 58.4 

 

23.11 

 

Lwr Middle Qtr 70.8 
 

29.06 
 

Upr Middle Qtr 66.6 
 

31.27 
 

Incisal Qtr 44.1 

 

22.85 

 

Incisal Mesial Incisal Half 0 0 

Distal Incisal Half 0 0 
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Tooth 

 

 

 
Segment 
 

 
Name of Segment Mean 

number 

Standard 

Deviation 

 
Mandibular 
2nd Incisors  

3DI2 & 4DI2 

 
 

10 

 
Distal 

 
Cervical Qtr 

79.8 

 

34.29 

 

Lwr Middle Qtr 59.6 
 

29.17 
 

Upr Middle Qtr 62.3 
 

28.746 
 

Incisal Qtr 52.6 

 

25.93 

 

 
 
Mandibular 

3rd Incisors  
3DI3 & 4DI3 
 

 
 

10 

 
Mesial 

Cervical Qtr 50.8 
 

19.86 
 

Lwr Middle Qtr 59.7 
 

23.13 
 

Upr Middle Qtr 65.4 

 

26.298 

 

Incisal Qtr 43.8 
 

19.57 
 

Incisal Mesial Incisal Half 0 0 

Distal Incisal Half 0 0 

 
Distal 

Cervical Qtr 66.3 
 

28.43 
 

Lwr Middle Qtr 72.6 
 

28.107 
 

Upr Middle Qtr 79 

 

36.98 

 

Incisal Qtr 58.9 
 

30.08 
 

 
 

Mandibular 
Canines 
3DC & 4DC 

 
 

10 

 
Mesial 

Cervical Qtr 44 
 

10.84 
 

Lwr Middle Qtr 52.8 

 

12.52 

Upr Middle Qtr 41.8 
 

16.80 
 

Incisal Qtr 26.9 
 

9.92 
 

 

Distal 

Cervical Qtr 59.1 

 

19.72 

 

Lwr Middle Qtr 62 
 

19.57 
 

Upr Middle Qtr 56.3 
 

20.44 
 

Incisal Qtr 31.5 

 

9.28 

 

 
 

Number of 
teeth 

in sample 
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Table 19:  This table shows the mean HSB packing densities expressed  

                  as the number of HSBs per cm for each segment on the mesial 

                  and distal surfaces of each tooth sectioned in the mesiodistal 

                  plane. 

 
Tooth Number of 

teeth  
in sample 

Segment Name of 
Segment 

Mean 
density 
(cm-1) 

Standard 
Deviation 

 

 
Maxillary 
Canines  

1DC & 2DC 

 

 
9 

 

Mesial 

Cervical Qtr 144.998 

 

46.01 

 

Lwr Middle Qtr 214.55 
 

64.05 
 

Upr Middle Qtr 185.68 
 

71.46 
 

Incisal Qtr 122.47 

 

31.83 

 

 
Distal 

Cervical Qtr 194.603 
 

66.57 
 

Lwr Middle Qtr 208.21 
 

77.79 
 

Upr Middle Qtr 174.197 

 

30.68 

 

Incisal Qtr 101.367 
 

30.314 
 

 
 

Mandibular 
1st Incisors  
3DI1 & 4DI1 

 
 

10 

 
Mesial 

Cervical Qtr 169.32 
 

43.05 
 

Lwr Middle Qtr 239.29 

 

54.85 

 

Upr Middle Qtr 197.49 
 

48.41 
 

Incisal Qtr 157.48 
 

70.82 
 

Incisal Mesial Incisal Half 0 0 

Distal Incisal Half 0 0 

 
Distal 

Cervical Qtr 130.3 
 

33.58 
 

Lwr Middle Qtr 124.55 
 

53.471 
 

Upr Middle Qtr 120.8 

 

55.38 

 

Incisal Qtr 87.58 
 

39.42 
 

 
 

Mandibular 
2nd Incisors  
3DI2 & 4DI2 

 
 
 

 
 

 
 

10 

 
Mesial 

Cervical Qtr 155.299 
 

60.428 
 

Lwr Middle Qtr 193.91 

 

89.22 

 

Upr Middle Qtr 176.1 
 

73.67 
 

Incisal Qtr 123.43 
 

79.48 
 

Incisal Mesial Incisal Half 0 0 

Distal Incisal Half 0 0 
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Tooth 

 

 
Segment 

 
Name of 
Segment 

Mean 
density 

(cm-1) 

Standard 

Deviation 

Mandibular 
2nd Incisors  
3DI2 & 4DI2 

  
 
Distal 

 
 

Cervical Qtr 131.9 
 48.64 

Lwr Middle Qtr 96.92 
 

44.85 
 

Upr Middle Qtr 104.66 

 

50.39 

 

Incisal Qtr 90.68 
 

48.03 
 

 
 

Mandibular 
3rd Incisors  
3DI3 & 4DI3 

 

 
 

10 

 
Mesial 

Cervical Qtr 140.82 
 

60.398 
 

Lwr Middle Qtr 163.099 

 

64.92 

 

Upr Middle Qtr 180.7 
 

80.43 
 

Incisal Qtr 116.4 
 

48.68 
 

Incisal Mesial Incisal Half 0 0 

Distal Incisal Half 0 0 

 
Distal 

Cervical Qtr 108.1 
 

62.09 
 

Lwr Middle Qtr 117.22 
 

60.671 
 

Upr Middle Qtr 127.8 

 

73.97 

 

Incisal Qtr 96.519 
 

63.198 
 

 
 

Mandibular 
Canines 
3DC & 4DC 

 
 

10 

 
Mesial 

Cervical Qtr 156.335 
 

70.398 
 

Lwr Middle Qtr 185.307 

 

71.446 

 

Upr Middle Qtr 152.279 
 

87.044 
 

Incisal Qtr 100.861 
 

73.085 
 

 

Distal 

Cervical Qtr 129.560 

 

67.726 

 

Lwr Middle Qtr 137.031 
 

81.592 
 

Upr Middle Qtr 125.925 
 

74.193 
 

Incisal Qtr 69.902 

 

42.847 

 

  

Number of 

teeth  

   in sample 
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Table 20. Maxillary deciduous canines: Intra-tooth comparison of mean  

HSB packing densities on surfaces examined. Mean 

differences that are significant at the 0.05 level are asterisked 

(*). 

 

 

Multiple Comparisons 

 

Dependent Variable: outcome (mean HSB packing density)  

Adjustment for multiple testing: Tamhane  

(a) surface 
 

(b) surface 
 

Mean 
Difference 

(a-b) 
 

Std. Error 
 

P value 

Labial 
Palatal 14.776 17.855 0.432 
Mesial -20.360 14.979 0.211 
Distal -23.879 22.076 0.311 

Palatal 
Labial -14.776 17.855 0.432 
Mesial -35.136 20.616 0.127 

Distal -38.655 24.154 0.148 

Mesial 
Labial 20.360 14.98 0.211 
Palatal 35.136 20.62 0.127 

Distal -3.519 14.78 0.818 

Distal 

Labial 23.879 22.076 0.311 

Palatal 38.655 24.154 0.148 
Mesial 3.519 14.783 0.818 
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Table 21. Mandibular deciduous 1st incisors: Intra-tooth comparison of  

                     mean HSB packing densities on surfaces examined. Mean  

                     differences that are significant at the 0.05 level are asterisked 

                     (*). 

 

 
Multiple Comparisons 

 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) surface 
 

(b) surface 
 

Mean 
Difference 

(a-b) 
 

Std. Error 
 

P Value 

Labial 

Lingual 32.113 12.187 0.027* 

Mesial -12.501 20.404 0.555 
Distal 62.581 19.398 0.01* 

Incisal Edge 178.393 17.163 0* 

Lingual 

Labial -32.113 12.187 0.027* 
Mesial -44.614 18.926 0.043* 

Distal 30.468 20.244 0.167 
Incisal Edge 146.280 16.278 0* 

Mesial 

Labial 12.501 20.40 0.555 
Lingual 44.614 18.93 0.043* 
Distal 75.082 7.89 0* 

Incisal Edge 190.894 12.55 0* 

Distal 

Labial -62.581 19.398 0.01* 

Lingual -30.468 20.244 0.167 
Mesial -75.082 7.888 0* 

Incisal Edge 115.812 11.681 0* 

Incisal Edge 

Labial -178.39 17.163 0* 
Lingual -146.28 16.278 0* 

Mesial -190.89 12.550 0* 
Distal -115.81 11.681 0* 

 

Based on observed means. 
*  The mean difference is significant at the 0.05 level. 
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Table 22: Mandibular deciduous 2nd incisors: Intra-tooth comparison of  

                      mean HSB packing densities on surfaces examined. Mean  

                      differences that are significant at the 0.05 level are asterisked  

                     (*). 

 

 
 

Multiple Comparisons 
 
Dependent Variable: outcome (mean HSB packing density)  

Adjustment for multiple testing: Tamhane  

(a) surface 

 

(b) surface 

 

Mean 

Difference 
(a-b) 

 

Std. Error 

 

P Value 

Labial 

Lingual 21.113 6.651 0.011* 
Mesial -9.031 15.484 0.574 

Distal 47.108 9.435 0.001* 
Incisal Edge 153.151 10.293 0* 

Lingual 

Labial -21.113 6.651 0.011* 

Mesial -30.144 16.035 0.093 
Distal 25.995 9.980 0.029* 

Incisal Edge 132.038 9.082 0* 

Mesial 

Labial 9.031 15.48 0.574 
Lingual 30.144 16.04 0.093 

Distal 56.139 9.60 0* 
Incisal Edge 162.182 13.96 0* 

Distal 

Labial -47.108 9.435 0.001* 
Lingual -25.995 9.980 0.029* 
Mesial -56.139 9.597 0* 

Incisal Edge 106.043 8.095 0* 

Incisal Edge 

Labial -153.15 10.293 0* 

Lingual -132.04 9.082 0* 
Mesial -162.18 13.964 0* 
Distal -106.04 8.095 0* 

 
Based on observed means. 

*  The mean difference is significant at the 0.05 level. 
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Table 23: Mandibular deciduous 3rd  incisors: Intra-tooth comparison of  

                     mean HSB packing densities on surfaces examined. Mean  

                     differences that are significant at the 0.05 level are asterisked  

                     (*). 

 

 
 

Multiple Comparisons 
 
Dependent Variable: outcome (mean HSB packing density)  

Adjustment for multiple testing: Tamhane  

(a) surface 

 

(b) surface 

 

Mean 

Difference 
(a-b) 

 

Std. Error 

 

P Value 

Labial 

Lingual 14.603 12.517 0.273 
Mesial 28.047 16.949 0.132 

Distal 65.894 23.586 0.021* 
Incisal Edge 178.302 13.418 0* 

Lingual 

Labial -14.603 12.517 0.273 

Mesial 13.444 15.638 0.412 
Distal 51.291 23.146 0.054* 

Incisal Edge 163.699 13.967 0* 

Mesial 

Labial -28.047 16.95 0.132 
Lingual -13.444 15.64 0.412 

Distal 37.848 9.80 0.004* 
Incisal Edge 150.255 9.45 0* 

Distal 

Labial -65.894 23.586 0.021* 
Lingual -51.291 23.146 0.054* 
Mesial -37.848 9.805 0.004* 

Incisal Edge 112.408 15.810 0* 

Incisal Edge 

Labial -178.30 13.418 0* 

Lingual -163.70 13.967 0* 
Mesial -150.26 9.453 0* 
Distal -112.41 15.810 0* 

 
Based on observed means. 

*  The mean difference is significant at the 0.05 level. 
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Table 24: Mandibular deciduous canines: Intra-tooth comparison of  

                     mean HSB packing densities on surfaces examined. Mean  

                     differences that are significant at the 0.05 level are asterisked  

                     (*). 

 

 

 
Multiple Comparisons 

 

Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) surface 
 

(b) surface 
 

Mean 
Difference 

(a-b) 

 

Std. Error 
 

P Value 

Labial 

Lingual 8.071 9.519 0.418 

Mesial 27.779 26.662 0.325 
Distal 61.062 25.766 0.042* 

Lingual 

Labial -8.071 9.519 0.418 

Mesial 19.709 24.592 0.444 
Distal 52.991 22.613 0.044* 

Mesial 
Labial -27.779 26.66 0.325 
Lingual -19.709 24.59 0.444 
Distal 33.283 9.72 0.008* 

Distal 
Labial -61.062 25.766 0.042* 
Lingual -52.991 22.613 0.044* 

Mesial -33.283 9.718 0.008* 

 
Based on observed means. 
*  The mean difference is significant at the 0.05 level. 

 
 

 
 
 

 
 

 
 
 

 
 

 



195 

 

Table 25: Inter-tooth comparison of comparable surfaces: labial  

surfaces.* Mean differences that are significant at the 0.05 

level are asterisked (*). 

 

Multiple Comparisons 
 

Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) tooth 
 

(b) tooth 
 

Mean 

Difference 
(a-b) 

 

Std. Error 
 

 

P Value 

Maxillary deciduous canine 

1DC&2DC 

 

Mandibular deciduous 1st incisor -36.25 23.31 0.158 

Mandibular deciduous 2nd incisor -9.04 16.17 0.591 

Mandibular deciduous 3rd incisor -34.83 18.82 0.101 

Mandibular deciduous canine -28.36 26.08 0.308 

    

Mandibular deciduous 1st incisor 

 

Maxillary deciduous canine 36.250 23.306 0.158 

Mandibular deciduous 2nd incisor 25.243 12.805 0.08 

Mandibular deciduous 3rd incisor 0.091 13.934 0.995 

Mandibular deciduous canine 1.918 17.668 0.916 

Mandibular deciduous 2nd incisor 

Maxillary deciduous canine 9.04 16.17 0.591 

Mandibular deciduous 1st incisor -25.24 12.80 0.08 

Mandibular deciduous 3rd incisor -25.15 12.00 0.065 

Mandibular deciduous canine -23.32 17.49 0.215 

Mandibular deciduous 3rd incisor 

    

Maxillary deciduous canine 34.830 18.818 0.101 

Mandibular deciduous 1st incisor -0.091 13.934 0.995 

Mandibular deciduous 2nd incisor 25.151 11.996 0.065 
Mandibular deciduous canine 

 
1.827 10.733 0.869 

Mandibular deciduous canine 

Maxillary deciduous canine 28.362 26.080 0.308 

Mandibular deciduous 1st incisor -1.918 17.668 0.916 

Mandibular deciduous 2nd incisor 23.324 17.490 0.215 
Mandibular deciduous 3rd incisor 
 

-1.827 10.733 0.869 

Based on observed means. 

*  The mean difference is significant at the 0.05 level. 
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Table 26: Inter-tooth comparison of comparable surfaces:  

                     lingual/palatal surfaces.* Mean differences that are significant  

                     at the 0.05 level are asterisked (*). 

 

Multiple Comparisons 

 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) tooth 

 

(b) tooth 

 

Mean 

Difference 

(a-b) 
 

Std. Error 

 

 
P Value 

Maxillary deciduous canine 

 

Mandibular deciduous 1st incisor -19.51 27.94 0.505 
Mandibular deciduous 2nd incisor -5.59 19.94 0.786 
Mandibular deciduous 3rd incisor -34.64 26.04 0.22 

Mandibular deciduous canine -34.91 23.57 0.177 
    

Mandibular deciduous 1st 

incisor 

 

Maxillary deciduous canine 19.508 27.935 0.505 

Mandibular deciduous 2nd 
incisor 

14.242 14.283 0.345 

Mandibular deciduous 3rd 

incisor 
-17.419 14.664 0.265 

Mandibular deciduous canine -22.125 14.271 0.155 

Mandibular deciduous 2nd 

incisor 

Maxillary deciduous canine 5.59 19.94 0.786 

Mandibular deciduous 1st incisor -14.24 14.28 0.345 
Mandibular deciduous 3rd 

incisor 
-31.66 15.04 0.065 

Mandibular deciduous canine -36.37 11.40 0.011* 

Mandibular deciduous 3rd 
incisor 

    

Maxillary deciduous canine 34.637 26.042 0.22 
Mandibular deciduous 1st incisor 17.419 14.664 0.265 
Mandibular deciduous 2nd incisor 31.661 15.038 0.065 
Mandibular deciduous canine 

 
-4.705 8.675 0.601 

Mandibular deciduous canine 

Maxillary deciduous canine 34.907 23.574 0.177 
Mandibular deciduous 1st incisor 22.125 14.271 0.155 
Mandibular deciduous 2nd 

incisor 
36.366 11.397 0.011* 

Mandibular deciduous 3rd incisor 

 
4.705 8.675 0.601 

Based on observed means. 

*  The mean difference is signif icant at the 0.05 level. 
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Table 27: Inter-tooth comparison of comparable surfaces: mesial 

surfaces.* Mean differences that are significant at the 0.05 

level are asterisked (*). 

 

Multiple Comparisons 

 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) tooth 

 

(b) tooth 

 

Mean 

Difference 

(a-b) 

 

Std. Error 

 

 
P Value 

Maxillary deciduous canine 

 

Mandibular deciduous 1st incisor -20.61 23.47 0.406 
Mandibular deciduous 2nd incisor 5.01 12.93 0.708 
Mandibular deciduous 3rd incisor 15.83 15.09 0.325 

Mandibular deciduous canine 36.80 21.49 0.125 
    

Mandibular deciduous 1st 

incisor 

 

Maxillary deciduous canine 20.609 23.473 0.406 

Mandibular deciduous 2nd incisor 28.712 21.764 0.22 
Mandibular deciduous 3rd incisor 40.639 18.955 0.061 

Mandibular deciduous canine 42.198 22.205 0.09 

Mandibular deciduous 2nd 

incisor 

Maxillary deciduous canine -5.01 12.93 0.708 

Mandibular deciduous 1st incisor -28.71 21.76 0.22 
Mandibular deciduous 3rd incisor 11.93 13.99 0.416 

Mandibular deciduous canine 13.49 27.74 0.639 

Mandibular deciduous 3rd 

incisor 

    

Maxillary deciduous canine -15.825 15.094 0.325 
Mandibular deciduous 1st incisor -40.639 18.955 0.061 
Mandibular deciduous 2nd incisor -11.927 13.990 0.416 
Mandibular deciduous canine 

 
1.560 23.827 0.949 

Mandibular deciduous canine 

Maxillary deciduous canine -36.798 21.486 0.125 
Mandibular deciduous 1st incisor -42.198 22.205 0.09 
Mandibular deciduous 2nd incisor -13.486 27.743 0.639 
Mandibular deciduous 3rd incisor 

 
-1.560 23.827 0.949 

Based on observed means. 

*  The mean difference is signif icant at the 0.05 level. 
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Table 28: Inter-tooth comparison of comparable surfaces: distal 

surfaces.* Mean differences that are significant at the 0.05 

level are asterisked (*). 

 

Multiple Comparisons 

 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) tooth 

 

(b) tooth 

 

Mean 

Difference 

(a-b) 

 

Std. Error 

 

 
P Value 

Maxillary deciduous canine 

 

Mandibular deciduous 1st incisor 58.74 14.50 0.004* 
Mandibular deciduous 2nd incisor 64.65 11.80 0.001* 
Mandibular deciduous 3rd incisor 58.40 25.09 0.048* 

Mandibular deciduous canine 71.78 18.63 0.005* 
    

Mandibular deciduous 1st 

incisor 

 

Maxillary deciduous canine -58.741 14.499 0.004* 

Mandibular deciduous 2nd incisor 9.769 15.012 0.531 

Mandibular deciduous 3rd incisor 3.404 19.711 0.867 

Mandibular deciduous canine 0.399 19.822 0.984 

Mandibular deciduous 2nd 

incisor 

Maxillary deciduous canine -64.65 11.80 0.001* 

Mandibular deciduous 1st incisor -9.77 15.01 0.531 
Mandibular deciduous 3rd incisor -6.37 16.66 0.711 

Mandibular deciduous canine -9.37 21.06 0.667 
 

 
Mandibular deciduous 3rd 

incisor 

    

Maxillary deciduous canine -58.402 25.089 0.048* 
Mandibular deciduous 1st incisor -3.404 19.711 0.867 

 

Mandibular deciduous 2nd incisor 6.365 16.655 0.711 
Mandibular deciduous canine 

 
-3.005 21.466 0.892 

Mandibular deciduous canine 

Maxillary deciduous canine -71.784 18.632 0.005* 
Mandibular deciduous 1st incisor -0.399 19.822 0.984 
Mandibular deciduous 2nd incisor 9.370 21.059 0.667 
Mandibular deciduous 3rd incisor 
 

3.005 21.466 0.892 

Based on observed means. 

*  The mean difference is signif icant at the 0.05 level. 
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Table 29: Maxillary deciduous canine: Intra-tooth comparison of  

                    mean HSB packing densities in segments examined.  

                      Mean differences that are significant at the 0.05 level are  

                      asterisked (*). 

 

Multiple Comparisons 

 
 

 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) segment (b) segment Mean Difference 

(a-b) 

 

Std. Error 

 

P Value 

Cervical Qtr 

Lwr Middle Qtr -154.19 31.11 0.001* 
Upper Middle Qtr -60.36 45.60 0.222 

Incisal Qtr 125.33 24.85 0.001* 

Lwr Middle Qtr 

Cervical Qtr 154.19 31.11 0.001* 
Upper Middle Qtr 93.84 34.54 0.026* 

Incisal Qtr 279.52 33.14 0* 

Upper Middle Qtr 

Cervical Qtr 60.36 45.60 0.222 
Lwr Middle Qtr -93.84 34.54 0.026* 

Incisal Qtr 185.68 48.33 0.005* 

Incisal Qtr 

Cervical Qtr -125.33 24.85 0.001* 
Lwr Middle Qtr -279.52 33.14 0* 

Upper Middle Qtr -185.68 48.33 0.005* 
 
Based on observed means. 

*  The mean difference is significant at the 0.05 level. 
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Table 30: Mandibular deciduous 1st incisor: Intra-tooth  

                    comparison of mean HSB packing densities in segments  

                    examined. Mean differences that are significant at the 0.05  

                     level are asterisked (*). 

 

Multiple Comparisons 
 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) segment (b) segment Mean Difference 

(a-b) 

 

Std. Error 

 

P Value 

Cervical Qtr 

Lwr Middle Qtr -204.35 26.87 0* 
Upper Middle Qtr -95.40 40.57 0.043* 

Incisal Qtr 75.94 39.42 0.086 
Mesial Incisal Half 575.43 36.04 0* 
Distal Incisal Half 575.43 36.04 0* 

Lwr Middle Qtr 

Cervical Qtr 204.35 26.87 0* 
Upper Middle Qtr 108.95 28.21 0.004* 

Incisal Qtr 280.28 38.57 0* 
Mesial Incisal Half 779.77 39.14 0* 
Distal Incisal Half 779.77 39.14 0* 

Upper Middle Qtr 

Cervical Qtr 95.40 40.57 0.043* 
Lwr Middle Qtr -108.95 28.21 0.004* 

Incisal Qtr 171.34 39.41 0.002* 
Mesial Incisal Half 670.83 54.63 0* 
Distal Incisal Half 670.83 54.63 0* 

Incisal Qtr 

Cervical Qtr -75.94 39.42 0.086 
Lwr Middle Qtr -280.28 38.57 0* 

Upper Middle Qtr -171.34 39.41 0.002* 
Mesial Incisal Half 499.49 51.92 0* 
Distal Incisal Half 499.49 51.92 0* 

Mesial Incisal Half 

Cervical Qtr -575.43 36.04 0* 
Lwr Middle Qtr -779.77 39.14 0* 

Upper Middle Qtr -670.83 54.63 0* 
Incisal Qtr -499.49 51.92 0* 

Distal Incisal Half 0 0 0* 

Distal Incisal Half 

Cervical Qtr -575.43 36.04 0* 
Lwr Middle Qtr -779.77 39.14 0* 

Upper Middle Qtr -670.83 54.63 0* 
Incisal Qtr -499.49 51.92 0* 

Mesial Incisal Half 0 0 0* 
Based on observed means. 
*  The mean difference is significant at the 0.05 level.  
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Table 31: Mandibular deciduous 2nd incisor: Intra-tooth  

                    comparison of mean HSB packing densities in segments  

                    examined. Mean differences that are significant at the 0.05  

                     level are asterisked (*). 

 

Multiple Comparisons 
 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) segment (b) segment Mean Difference 

(a-b) 

 

Std. Error 

 

P Value 

Cervical Qtr 

Lwr Middle Qtr -175.98 31.68 0* 
Upper Middle Qtr -96.87 41.08 0.043* 

Incisal Qtr 81.50 48.77 0.129 
Mesial Incisal Half 505.57 35.88 0* 
Distal Incisal Half 505.57 35.88 0* 

Lwr Middle Qtr 

Cervical Qtr 175.98 31.68 0* 
Upper Middle Qtr 79.12 15.01 0.001* 

Incisal Qtr 257.48 42.71 0* 
Mesial Incisal Half 681.56 35.59 0* 
Distal Incisal Half 681.56 35.59 0* 

Upper Middle Qtr 

Cervical Qtr 96.87 41.08 0.043* 
Lwr Middle Qtr -79.12 15.01 0.001* 

Incisal Qtr 178.37 34.01 0.001* 
Mesial Incisal Half 602.44 35.02 0* 
Distal Incisal Half 602.44 35.02 0* 

Incisal Qtr 

Cervical Qtr -81.50 48.77 0.129 
Lwr Middle Qtr -257.48 42.71 0* 

Upper Middle Qtr -178.37 34.01 0.001* 
Mesial Incisal Half 424.08 46.73 0* 
Distal Incisal Half 424.08 46.73 0* 

Mesial Incisal Half 

Cervical Qtr -505.57 35.88 0* 
Lwr Middle Qtr -681.56 35.59 0* 

Upper Middle Qtr -602.44 35.02 0* 
Incisal Qtr -424.08 46.73 0* 

Distal Incisal Half 0 0 0* 

Distal Incisal Half 

Cervical Qtr -505.57 35.88 0* 
Lwr Middle Qtr -681.56 35.59 0* 

Upper Middle Qtr -602.44 35.02 0* 
Incisal Qtr -424.08 46.73 0* 

Mesial Incisal Half 0 0 0* 
Based on observed means. 
*  The mean difference is significant at the 0.05 level. 
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Table 32: Mandibular deciduous 3rd incisor: Intra-tooth  

                    comparison of mean HSB packing densities in segments  

                    examined. Mean differences that are significant at the 0.05  

                     level are asterisked (*). 

Multiple Comparisons 

 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) segment (b) segment Mean Difference 

(a-b) 

 

Std. Error 

 

P Value 

Cervical Qtr 

Lwr Middle Qtr -220.70 43.12 0.001* 
Upper Middle Qtr -270.90 42.46 0* 

Incisal Qtr -121.96 48.37 0.033* 
Mesial Incisal Half 451.27 26.76 0* 
Distal Incisal Half 451.27 26.76 0* 

Lwr Middle Qtr 

Cervical Qtr 220.70 43.12 0.001* 
Upper Middle Qtr -50.19 36.37 0.201 

Incisal Qtr 98.74 35.79 0.022* 
Mesial Incisal Half 671.98 31.76 0* 
Distal Incisal Half 671.98 31.76 0* 

Upper Middle Qtr 

Cervical Qtr 270.90 42.46 0* 
Lwr Middle Qtr 50.19 36.37 0.201 

Incisal Qtr 148.93 42.52 0.007* 
Mesial Incisal Half 722.17 49.86 0* 
Distal Incisal Half 722.17 49.86 0* 

Incisal Qtr 

Cervical Qtr 121.96 48.37 0.033* 
Lwr Middle Qtr -98.74 35.79 0.022* 

Upper Middle Qtr -148.93 42.52 0.007* 
Mesial Incisal Half 573.24 48.13 0* 
Distal Incisal Half 573.24 48.13 0* 

Mesial Incisal Half 

Cervical Qtr -451.27 26.76 0* 
Lwr Middle Qtr -671.98 31.76 0* 

Upper Middle Qtr -722.17 49.86 0* 
Incisal Qtr -573.24 48.13 0* 

Distal Incisal Half 0 0 0* 

Distal Incisal Half 

Cervical Qtr -451.27 26.76 0* 
Lwr Middle Qtr -671.98 31.76 0* 

Upper Middle Qtr -722.17 49.86 0* 
Incisal Qtr -573.24 48.13 0* 

Mesial Incisal Half 0 0 0* 
 
Based on observed means. 
*  The mean difference is significant at the 0.05 level.  
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Table 33: Mandibular deciduous canine: Intra-tooth  

                    comparison of mean HSB packing densities in segments  

                    examined. Mean differences that are significant at the 0.05  

                     level are asterisked (*). 

Multiple Comparisons 
 
Dependent Variable: outcome (mean HSB packing density)  
Adjustment for multiple testing: Tamhane  

(a) segment (b) segment Mean Difference 

(a-b) 

 

Std. Error 

 

P Value 

Cervical Qtr 

Lwr Middle Qtr -192.12 50.73 0.004* 
Upper Middle Qtr -155.79 43.53 0.006* 

Incisal Qtr 32.89 49.76 0.525 

Lwr Middle Qtr 

Cervical Qtr 192.12 50.73 0.004* 
Upper Middle Qtr 36.32 32.39 0.291 

Incisal Qtr 225.00 29.59 0* 

Upper Middle Qtr 

Cervical Qtr 155.79 43.53 0.006* 
Lwr Middle Qtr -36.32 32.39 0.291 

Incisal Qtr 188.68 32.22 0* 

Incisal Qtr 

Cervical Qtr -32.89 49.76 0.525 
Lwr Middle Qtr -225.00 29.59 0* 

Upper Middle Qtr -188.68 32.22 0* 
 
Based on observed means. 

*  The mean difference is significant at the 0.05 level. 
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Fig. 57: Mean HSB packing density: Maxillary deciduous canines,  

comparison of surfaces (n=9). 
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Fig. 58: Mean HSB packing density: Mandibular deciduous 1st Incisors,  
comparison of surfaces (n=10). 
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Fig. 59: Mean HSB packing density: Mandibular deciduous 2nd Incisors,  

comparison of surfaces (n=10). 
 

 

 
  



207 

 

 
 

 

Fig. 60: Mean HSB packing density: Mandibular deciduous 3rd Incisors,  
comparison of surfaces (n=10). 
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Fig. 61: Mean HSB packing density: Mandibular deciduous canines,  

comparison of surfaces (n=10). 
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Fig. 62: Mean HSB packing density: Maxillary deciduous canines,  
mid buccopalatal section (n=9). 
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Fig. 63: Mean HSB packing density: Mandibular deciduous 1st Incisors,  
mid buccopalatal section (n=10). 
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Fig. 64: Mean HSB packing density: Mandibular deciduous 2nd Incisors,  
mid buccopalatal section (n=10). 
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Fig. 65: Mean HSB packing density: Mandibular deciduous 3rd Incisors,  

mid buccopalatal section (n=10). 
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Fig. 66: Mean HSB packing density: Mandibular deciduous canines,  
mid buccopalatal section (n=10). 
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Fig. 67: Mean HSB packing density: Maxillary deciduous canines,  
mesiodistal section through cusp tip (n=9). 
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Fig. 68: Mean HSB packing density: Mandibular deciduous 1st Incisors,  
mesiodistal section through cusp tip (n=10). 
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Fig. 69: Mean HSB packing density: Mandibular deciduous 2nd Incisors,  
mesiodistal section through cusp tip (n=10). 
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Fig. 70: Mean HSB packing density: Mandibular deciduous 3rd Incisors,  
mesiodistal section through cusp tip (n=10). 
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Fig. 71: Mean HSB packing density: Mandibular deciduous canines,  
mesiodistal section through cusp tip (n=10). 
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Fig. 72: Comparison of HSB packing density: Labial Surfaces 

 

 
 

 
  

Tooth Surface: Labial 
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Fig. 73: Comparison of HSB packing density: Lingual Surfaces 

 
 

 
 
 

 
 

 
 

Tooth Surface: Lingual 
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Fig. 74: Comparison of HSB packing density: Mesial Surfaces 
 

 

 

 

 

 

 

Tooth Surface: Mesial 
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Fig. 75: Comparison of HSB packing density: Distal Surfaces 
 

 
 

 
 
 

 

 
 

Tooth Surface: Distal 
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Fig. 76: Comparison of HSB packing density: Cervical Quarters 
 

 

 

 

Tooth segment: cervical quarter 
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Fig. 77: Comparison of HSB packing density: Lower Middle Quarters 

 

  

Tooth segment: lower middle quarter 
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Fig. 78: Comparison of HSB packing density: Upper Middle Quarters 
 

 
 

 
  

Tooth segment: upper middle quarter 
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Fig. 79: Comparison of HSB packing density: Incisal Quarters 

 

 
 

 

 

 

Tooth segment: incisal quarter 
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3.10. QUALITATIVE APPEARANCE OF HSBS  

 

 

3.10.1. Representative images of HSBs in the anterior teeth of  

          dromedary camels 

 

As described in Section 2.9.7 of the Materials and Methods, representative 

images of the appearance of HSBs in various tooth groups recorded under 

optimum lighting conditions using the the OLYMPUS BX41 System 

Photomicroscope described in Section 2.8.1 of the Materials and Methods. 

These images are reproduced in Figures 80-89. 

 

 

3.10.2. Description of HSB patterns in the anterior teeth of  

           dromedary camels 

 

As described in Section 2.9.7 of the Materials and Methods, note was 

made of HSB patterns of general interest or curiosity. These were observed and 

suitable images were recorded under optimum lighting conditions using the 

OLYMPUS BX41 System Photomicroscope described in Section 2.8.1 of the 

Materials and Methods.   
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The arrangement of HSBs over cusp tips, incisal edges, and marginal 

ridges: 

 

• No HSBs were detected along the mesiodistal length of the incisal edge 

of all the mandibular deciduous incisors (Fig. 83, 85, 87), despite HSBs 

being clearly visible in the adjacent enamel of the proximal surface (Fig. 

38a, b);  

 

• The patterns of HSBs observed over the cusp tips of all incisors and 

canines, were mainly radiating pattern with interdigitating and cup-shaped 

in some examples (Fig. 90); 

 

• Radiating pattern of HSBs were observed surrounding the marginal ridges 

(Fig.91). 

 

• The incisal edge of the lower incisors in the labiolingual sections showed 

an area of enamel free or tooth wear with no HSBs although the teeth were 

selected were deciduous and undamaged. HSBs patterns can be seen at 

the extreme edge incisal edge laibally and lingually. (Fig.92) 

 

 

Variations in the direction/curvature of alternate light and dark HSBs:  

 

• HSBs appear with undulating patterns which are in waves; straight and in 

one direction similar to human HSBs (Fig. 85a) 

 

• HSBs in the cervical regions appears short and wide with the light bands 

more prominent (Fig. 80a, b); 

 

• HSBs in the lower middle quarters tended to be straight and directed 

cervically (Fig. 80a); 
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• HSBs in the upper middle quarters tended to be narrower and more 

curved than those in the more cervical regions (Fig. 80a, 85a); 

 

 

Variations in the distance from the ADJ at which the HSBs were evident: 

 

• The HSBs runs from the ADJ to the EES in most enamel (Fig. 93a); 

 

• In some regions, the HSBs were not visible in the inner third of the 

enamel (Fig. 93b). 

 

 

Other variations included: 

 

• The presence of some HSB-free lacunae (regions of enamel devoid of 

HSBs) on the palatal incisal tip area of some of the maxillary canines 

(Fig. 94); 

 

• In some teeth, the interrelationship of HSBs and the Striae of Retzius 

was not evident; in others, the interruption of the HSBs by the striae was 

quite marked (Fig. 95). 
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Fig.80a This series of images illustrates the appearance of HSBs observed 

under reflected light in the buccolingual tooth segments in a maxillary 

deciduous canine of dromedary camel. (Camel No1 UR canine- 1DC) 
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Fig.80b This power point composite image illustrates the appearance of HSBs 

observed under reflected light in the buccolingual tooth segments in a maxillary 

deciduous canine of dromedary camel. (Camel No1 UR canine- 1DC) 
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Fig.81a This series of images illustrates the appearance of HSBs observed 

under reflected light in the mesiodistal tooth segments in a maxillary deciduous 

canine of dromedary camel. (Camel No2 UL canine- 2DC) 
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Fig.81b This power point composite image illustrates the appearance of HSBs 

observed under reflected light in the mesiodistal tooth segments in a maxillary 

deciduous canine of dromedary camel. (Camel No2 UL canine- 2DC) 
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Fig.82a This series of images illustrates the appearance of HSBs observed 

under reflected light in the buccolingual tooth segments in a mandibular 

deciduous 1st incisor of dromedary camel. (Camel No5 LL 1st Incisor- 3DI1) 
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Fig.82b This power point composite image illustrates the appearance of HSBs 

observed under reflected light in the buccolingual tooth segments in a 

mandibular deciduous 1st incisor of dromedary camel. (Camel No5 LL1st 

Incisor- 3DI1) 
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Fig.83a This series of images illustrates the appearance of HSBs observed 

under reflected light in the mesiodistal tooth segments in a mandibular 

deciduous 1st incisor of dromedary camel. (Camel No5 LR1st incisor- 4DI1) 
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Fig.83b This power point composite image illustrates the appearance of HSBs 

observed under reflected light in the mesiodistal tooth segments in a 

mandibular deciduous 1st incisor of dromedary camel. (Camel No5 LR1st 

incisor- 4DI1) 
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Fig.84a This series of images illustrates the appearance of HSBs observed 

under reflected light in buccolingual tooth segments in a mandibular 

deciduous 2nd incisor of dromedary camel. (Camel No1 LL2nd incisor- 3DI2) 
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Fig.84b This power point composite image illustrates the appearance of 

HSBs observed under reflected light in buccolingual tooth segments in a 

mandibular deciduous 2nd incisor of dromedary camel. (Camel No1 LL2nd 

incisor- 3DI2) 
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Fig.85a This series of images illustrates the appearance of HSBs observed 

under reflected light in mesiodistal tooth segments in a mandibular deciduous 

2nd incisor of dromedary camel. (Camel No4 LR2nd incisor- 4DI2) 
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Fig.85b This power point composite image illustrates the appearance of HSBs 

observed under reflected light in mesiodistal tooth segments in a mandibular 

deciduous 2nd incisor of dromedary camel. (Camel No4 LR2nd incisor- 4DI2) 
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Fig.86a This series of images illustrates the appearance of HSBs observed 

under reflected light in buccolingual tooth segments in a mandibular 

deciduous 3rd incisor of dromedary camel. (Camel No1 LL3rd incisor- 3DI3) 
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Fig.86b This power point composite image illustrates the appearance of 

HSBs observed under reflected light in buccolingual tooth segments in a 

mandibular deciduous 3rd incisor of dromedary camel. (Camel No1 LL3rd 

incisor- 3DI3) 
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Fig.87a This series of images illustrates the appearance of HSBs observed 

under reflected light in mesiodistal tooth segments in a mandibular deciduous 

3rd incisor of dromedary camel. (Camel No4 LL3rd incisor- 3DI3) 
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Fig.87b This power point composite image illustrates the appearance of 

HSBs observed under reflected light in mesiodistal tooth segments in a 

mandibular deciduous 3rd incisor of dromedary camel. (Camel No4 LL3rd 

incisor- 3DI3) 
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Fig.88a This series of images illustrates the appearance of HSBs observed 

under reflected light in buccolingual tooth segments in a mandibular 

deciduous canine of dromedary camel. (Camel No1 LLcanine- 3DC) 
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Fig.88b This power point composite image illustrates the appearance of 

HSBs observed under reflected light in buccolingual tooth segments in a 

mandibular deciduous canine of dromedary camel. (Camel No1 LLcanine- 

3DC) 
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Fig.89a This series of images illustrates the appearance of HSBs observed 

under reflected light in mesiodistal tooth segments in a mandibular deciduous 

canine of dromedary camel. (Camel No2 LL Canine- 3DC) 
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Fig.89b This power point composite image illustrates the appearance of 

HSBs observed under reflected light in mesiodistal tooth segments in a 

mandibular deciduous canine of dromedary camel. (Camel No2 LL Canine- 

3DC) 
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a. Radiating arrangements, 

 

 

 

 

 

 

b. Cup-shaped arrangements,  

 

 

 

 

 

 

c. Interdigitating arrangemets  

 

 

 

 

 

d. Unclear 

 

 

 

 

 

 

Fig.90: This series of images includes representative examples HSB 

arrangements over cusp tips   
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Fig. 91: This pair of images illustrates HSB arrangement surrounding marginal 

ridges 

 

 

 

 

 

 

 

 

 

 

 

Fig. 92: This pair of images illustrates the bucolingual section of lower 

deciduous incisors with no HSB in the incisal edge, and radiating HSBs patterns 

on labial and lingual incisal edges 
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Fig.93: This pair of images illustrates how (a) the HSBs passes from ADJ into 

the EES, and (b) in some areas the HSB patterns were not visible in the inner 

third of the enamel. 

 

 

 

 

 

 

 

 

 

Fig.94: This image illustrated the presence of HSB-free areas in the lingual 

incisal surface of some canines.  
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Fig. 95: This image illustrates the relationship between HSBs and the striae 

of Retzius. 



254 

 

3.11. THE EFFECT OF ACID ETCHING ON THE APPEARANCE AND  

    PACKING DENSITY OF HSBS 

 

As described in Section 2.11. of the Materials and Methods chapter, five 

prepared specimens from the ones sectioned in mesiodistal plane, (one 

deciduous maxillary canine, one deciduous mandibular canine, and one of each 

mandibular deciduous 1st, 2nd and 3rd incisors) were etched using 37% 

Phosphoric Acid (H3PO4) for times which ranged from 20 seconds to 10 minutes 

in total. They were dried, examined, and imaged.   

 

The numbers of HSBs visualised for each tooth and after each period of etching 

are given in Tables 34-38. There was virtually no change in the number of HSB 

after the acid etching.  The numbers increased slightly in two segments, the 

mesial incisal quadrant of maxillary deciduous canine (which increased from 24 

to 28 after acid etching the specimen), and the mesial lower middle quadrant of 

mandibular 3rd deciduous incisor (which increased from 44 to 50). Given that it 

is difficult to count HSBs with absolute precision, this variation is minimal and 

usefully confirmed the accuracy with which the bands were counted as the 

study progressed. The minimal variation might also be due to the effect of the 

acid etching on enhancing the appearance and definition of HSBs, and it was 

decided to count the extra bands as if they were present initially. 

 

Acid etching the tooth enamel improved the definition of the HSBs.  It also 

increased the width and definition of the ‘dark’ HSBs with increased etching 

time. Apparent reduction in the width of the ‘light’ HSBs was noted with 

increased etching times. This pattern was consistent amongst all five 

specimens examined Similar HSB patterns were observed within each 

specimen; representative composite images of a specimen sectioned in 

mesiodistal plane of a mandibular 1st deciduous incisor are shown in Figures 

96a-i, which illustrates the typical effects of increasing the etching time on the 

appearance of the HSBs.  
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Fig. 96a: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: a. Before etching 
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Fig. 96b: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: b. etching time 20 seconds 
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Fig. 96c: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: c. etching time 40 seconds 
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Fig. 96d: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: d. etching time 1 minute 
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Fig. 96e: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: e. etching time 2 minutes 
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Fig. 96f: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: f. etching time 3 minutes 
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Fig. 96g: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: g. etching time 4 minutes 
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Fig. 96h: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: h. etching time 5 minutes 
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Fig. 96i: The effect of etching time on enamel from prepared specimen of 4DCI1 Camel No3 

 sectioned in mesiodistal plane: i. etching time 10 minutes  
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 Table 34:   This table shows the effect of etching the cut surface of the 

specimen with 37% phosphoric acid on the numbers of HSBs 

observed within each segment following different etching times for 

the upper left deciduous canine (2DC) of Camel No3: 

 

 

 

 

 

 

 

 

 

 

 

ETCHING 
TIME HSBs Counts       

 

Mesial 
 CQ 

Mesial 
 LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0MINS 
46 60 51 24 80 82 48 35 

20 SEC 
46 60 51 28 80 82 48 35 

40 SEC 
46 60 51 28 80 82 48 35 

1MIN 46 60 51 28 80 82 48 35 

2MINS 
46 60 51 28 80 82 48 35 

3MINS 
46 60 51 28 80 82 48 35 

4MINS 
46 60 51 28 80 82 48 35 

5MINS 
46 60 51 28 80 82 48 35 

10MINS 46 60 51 28 80 82 48 35 



265 

 

Table 35:   This table shows the effect of etching the cut surface of the 

specimen with 37% phosphoric acid on the numbers of HSBs 

observed within each segment following different etching times for 

the lower right 1st deciduous incisor (4DCI1) of Camel No3: 

 

 

 

 

 

 

 

 

ETCHING 
TIME HSBs Counts         

 

Mesial 
CQ 

Mesial 
LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Incisal 
mesial 
1/2 

Incisal 
distal 
1/2 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0MINS 39 54 42 41 0 0 64 93 52 42 

20 SEC 39 54 42 41 0 0 64 93 52 42 

40 SEC 39 54 42 41 0 0 64 93 52 42 

1MIN 39 54 42 41 0 0 64 93 52 42 

2MINS 39 54 42 41 0 0 64 93 52 42 

3MINS 39 54 42 41 0 0 64 93 52 42 

4MINS 39 54 42 41 0 0 64 93 52 42 

5MINS 39 54 42 41 0 0 64 93 52 42 

10MINS 39 54 42 41 0 0 64 93 52 42 
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Table 36:   This table shows the effect of etching the cut surface of the 

specimen with 37% phosphoric acid on the numbers of HSBs 

observed within each segment following different etching times for 

lower right 2nd deciduous incisor (4DI2) of Camel No4: 

  

 

 

 

 

 

 

 

ETCHING 
 TIME HSBs Counts         

 

Mesial 
 CQ 

Mesial 
 LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Incisal 
mesial 
1/2 

Incisal 
distal 
1/2 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0MINS 
76 93 56 52 0 0 128 96 94 96 

20 SEC 
76 93 56 52 0 0 128 96 94 96 

40 SEC 
76 93 56 52 0 0 128 96 94 96 

1MIN 
76 93 56 52 0 0 128 96 94 96 

2MINS 
76 93 56 52 0 0 128 96 94 96 

3MINS 
76 93 56 52 0 0 128 96 94 96 

4MINS 
76 93 56 52 0 0 128 96 94 96 

5MINS 
76 93 56 52 0 0 128 96 94 96 

10MINS 
76 93 56 52 0 0 128 96 94 96 
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 Table 37:  This table shows the effect of etching the cut surface of the 

specimen with 37% phosphoric acid on the numbers of HSBs 

observed within each segment following different etching times for 

the lower right 3rd deciduous incisor (4DI3) of Camel No3: 

 

 

 

 

 

 

 

ETCHING 
TIME HSBs Counts         

 

Mesial 
 CQ 

Mesial 
 LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Incisal 
mesial 
1/2 

Incisal 
distal 
 1/2 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0MINS 70 44 71 60 0 0 68 54 26 34 

20 SEC 
70 44 71 60 0 0 68 54 26 34 

40 SEC 70 50 71 60 0 0 68 54 26 34 

1MIN 
70 50 71 60 0 0 68 54 26 34 

2MINS 70 50 71 60 0 0 68 54 26 34 

3MINS 
70 50 71 60 0 0 68 54 26 34 

4MINS 70 50 71 60 0 0 68 54 26 34 

5MINS 70 50 71 60 0 0 68 54 26 34 

10MINS 70 50 71 60 0 0 68 54 26 34 
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Table 38:   This table shows the effect of etching the cut surface of the 

specimen with 37% phosphoric acid on the numbers of HSBs 

observed within each segment following different etching times for 

the lower left deciduous canine (3DC) of Camel No3: 

ETCHING TIME 
HSBs 
Counts         

 

Mesial 
 CQ 

Mesial  
LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal IQ 

0MINS 
62 67 52 18 76 84 92 26 

20 SEC 
62 67 52 18 76 84 92 26 

40 SEC 
62 67 52 18 76 84 92 26 

1MIN 
62 67 52 18 76 84 92 26 

2MINS 
62 67 52 18 76 84 92 26 

3MINS 
62 67 52 18 76 84 92 26 

4MINS 
62 67 52 18 76 84 92 26 

5MINS 
62 67 52 18 76 84 92 26 

10MINS 
62 67 52 18 76 84 92 26 
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3.12. THE EFFECT OF COCA-COLA ACIDIC DRINK ON THE    

    APPEARANCE AND PACKING DENSITY OF HSBs 

 

As described in Section 2.12. of the Materials and Methods chapter, five 

prepared specimens from the teeth sectioned in mesiodistal plane (one 

deciduous maxillary canine, one deciduous mandibular canine, and one of each 

mandibular deciduous 1st, 2nd and 3rd incisors) were examined.  

 

The numbers of HSBs visualised for each tooth and after each period of 

immersion are given in Tables 39-43. There was no change in the number of 

HSB after the immersion in Coca-Cola in all samples. These data support the 

hypothesis that no difference in the number of HSBs would be observed 

following the immersion in the acidic drink.  

 

Although, the immersion of tooth enamel in acidic soft drink improved the 

definition of the HSBs, and there was no change in the ADJ length in all tested 

samples during the periods tested, but there was apparent change in the teeth 

color and enamel texture. Dark staining of the teeth was observed starting from 

30 minutes’ immersion time and the increasing up to 1 week. The tooth enamel 

appeared more chalky in appearance and softer in texture. This pattern was 

consistent amongst all five specimens examined. A representative composite 

images of a specimen sectioned in mesiodistal plane of mandibular 1st 

deciduous incisor is shown in Figure 97a-d, which illustrates the typical effects 

of increasing the immersion time of tooth enamel in Coca-Cola acidic soft drink 

on the appearance of the HSBs.  
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Table 39:   This table shows the effect of Coca-Cola acidic drink on the 

numbers of HSBs observed within each segment of the cut surface 

of the specimen following different immersion periods for the upper 

left deciduous canine (2DC) of Camel No5: 

Immersion 
time HSBs Counts       

 

Mesial 
CQ 

Mesial 
LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0 minutes  
39 62 54 30 60 56 60 16 

15 minutes 
39 62 54 30 60 56 60 16 

30 minutes 
39 62 54 30 60 56 60 16 

1 day 
39 62 54 30 60 56 60 16 

1 week 
39 62 54 30 60 56 60 16 
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Table 40:   This table shows the effect of Coca-Cola acidic drink on the 

numbers of HSBs observed within each segment of the cut surface 

of the specimen following different immersion periods for the lower 

left 1st deciduous incisor (3DI1) of Camel No5: 

 

  

Time HSBs Counts         

 

Mesial 
CQ 

Mesial 
LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Incisal 
mesial
1/2 

Incisal 
distal 
1/2 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0 
minutes 

64 93 73 38 0 0 79 94 127 60 

15 
minutes 

64 93 73 38 0 0 79 94 127 60 

30 
minutes 

64 93 73 38 0 0 79 94 127 60 

1 day 
64 93 73 38 0 0 79 94 127 60 

1 week 
64 93 73 38 0 0 79 94 127 60 
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Table 41:   This table shows the effect of Coca-Cola acidic drink on the 

numbers of HSBs observed within each segment of the cut surface 

of the specimen following different immersion periods for the lower 

right 2nd deciduous incisor (4DI2) of Camel No5: 

Time HSBs Counts         

 

Mesial 
CQ 

Mesial 
LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Incisal 
mesial
1/2 

Incisal 
distal 
1/2 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0 
minute 

50 80 64 42 0 0 82 96 92 44 

15 
minutes 

50 80 64 42 0 0 82 96 92 44 

30 
minutes 

50 80 64 42 0 0 82 96 92 44 

1 day 
50 80 64 42 0 0 82 96 92 44 

1 week 
50 80 64 42 0 0 82 96 92 44 
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Table 42:   This table shows the effect of Coca-Cola acidic drink on the 

numbers of HSBs observed within each segment of the cut surface 

of the specimen following different immersion periods for the lower 

left 3rd deciduous incisor (3DI3) of Camel No5: 

Time HSBs Counts         

 

Mesia
l CQ 

Mesial 
LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Incisal 
mesial
1/2 

Incisal 
distal 
1/2 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0 
minute 

43 58 58 42 0 0 67 78 73 59 

15 
minutes 

43 58 58 42 0 0 67 78 73 59 

30 
minutes 

43 58 58 42 0 0 67 78 73 59 

1 day 
43 58 58 42 0 0 67 78 73 59 

1 week 
43 58 58 42 0 0 67 78 73 59 
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Table 43:   This table shows the effect of Coca-Cola acidic drink on the 

numbers of HSBs observed within each segment of the cut surface 

of the specimen following different immersion periods for the lower 

left 3rd deciduous incisor (3DI3) of Camel No5: 

Time 
HSBs 
Counts         

 

Mesial 
CQ 

Mesial 
LMQ 

Mesial 
UMQ 

Mesial 
IQ 

Distal 
CQ 

Distal 
LMQ 

Distal 
UMQ 

Distal 
IQ 

0 minute 
30 42 36 38 58 53 68 44 

15 minutes 
30 42 36 38 58 53 68 44 

30 minutes 
30 42 36 38 58 53 68 44 

1 day 
30 42 36 38 58 53 68 44 

1 week 
30 42 36 38 58 53 68 44 
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 Fig. 97a: The effect of Coca-Cola acidic drink on enamel from prepared specimen of 3DCI1 Camel No5 

 sectioned in mesiodistal plane: a. Before soaking in Coca-Cola 
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Fig. 97b: The effect of Coca-Cola acidic drink on enamel from prepared specimen of 3DCI1 Camel No5 

 sectioned in mesiodistal plane: b. soaking time 15 minutes 
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Fig. 97c: The effect of Coca-Cola acidic drink on enamel from prepared specimen of 3DCI1 Camel No5 

 sectioned in mesiodistal plane: c. soaking time 30 minutes 
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Fig. 97d: The effect of Coca-Cola acidic drink on enamel from prepared specimen of 3DCI1 Camel No5 

 sectioned in mesiodistal plane: d. soaking time 1 day 
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Fig. 97e: The effect of Coca-Cola acidic drink on enamel from prepared specimen of 3DCI1 Camel No5 

 sectioned in mesiodistal plane: e. soaking time 1 week 
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4. DISCUSSION 

 

4.1. MORPHOLOGY OF DROMEDARY CAMEL TEETH 

 

4.1.1. Introduction 

 

Dromedary camels, like many mammals, have two sets of teeth. The first set, 

comprising of 22 teeth, is called the primary or deciduous dentition. These teeth 

first begin to appear in the oral cavity at a mean age of one month old, and the 

last one erupts into the mouth at about six months of age. The second set of 

teeth or the permanent dentition of camels consist of 34 teeth, which starts 

erupting at the age of 1 year old, and by the age of seven years all primary 

teeth are replaced, in rather definite succession, by the permanent teeth.  

There are, then, three periods to the dentition in camels, the same as in 

humans: (1) the primary dentition (1 month to 1 year), (2) the mixed dentition (1 

year to 7 years), and (3) the permanent dentition (7+ years). The equivalent 

duration of these periods in humans is 6 months to 6 years, 6 years to 11 years, 

and 11+ years. 

In this chapter, the anatomy of the dromedary camel’s primary dentition will be 

described as well as that of some permanent cheek teeth, as the camel heads 

available for examination were from animals aged 6 months-4 years old. 
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4.1.2. Camel Teeth 

 

4.1.2.1. The deciduous teeth of the camel: 

The camel has 22 deciduous teeth arranged as:  

Upper jaw  one incisor on each side  2  

one canine (dog) tooth on each side  2  

three cheek teeth on each side  6  

Lower jaw  three incisors on each side  6  

one canine (dog) tooth on each side  2  

two cheek teeth on each side  4  

Ageing camels from the deciduous teeth:  

(1) New born:  There are no 

teeth.  

 

(2) One month:  Upper jaw:  2 cheek teeth on each side  

Lower jaw:  one cheek tooth on each side 2 front teeth  

(3) Three 

months:  

Upper jaw:  1 canine, 3 cheek teeth on each side  

Lower jaw:  3 incisors, 1 canine, 2 cheek teeth on 

each side  

(4) Six months:  Upper jaw:  1 incisor, 1 canine, 3 cheek teeth on each 

side  

Lower jaw:  3 incisors, 1 canine, 2 cheek teeth on 

each side  
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Fig.98: Ageing camels from the milk teeth (Food and Agriculture 

Organization of the United Nations, 2013) 

 

 

(4) Six Months 
 

 (1) New born  (2) One month 

 

(3) Three months 



283 

 

4.1.2.2. The permanent teeth  

There are 34 permanent teeth. Sudanese breeds are reputed to have 36. 

(Mukasa-Mugerwa, 1981)  These permanent teeth are larger than the 

deciduous teeth and are arranged as follows:  

Upper jaw  one incisor on each side  2  

one canine on each side  2  

six cheek teeth on each side  12  

Lower jaw  three incisors on each side  6  

one canine on each side  2  

five cheek teeth on each side  10  

Ageing camels after 1 year of age:  

1 year  Upper jaw:  4 cheek teeth on each side  

Lower jaw:  3 cheek teeth on each side  

2.5 years  Upper jaw:  4 to 5 cheek teeth on each side  

Lower jaw:  3 to 4 cheek teeth on each side  

3 years  Upper jaw:  5 cheek teeth on each side  

Lower jaw:  4 cheek teeth on each side  

4.5 years  First permanent incisors are showing  

5 years  Deciduous cheek teeth replaced by permanent teeth, 2 replaced on 

each side of upper jaw, 1 on each side of lower jaw.  

5.5 years  2 more permanent incisors on lower jaw  

Upper jaw:  6 cheek teeth on each side  

Lower jaw:  5 cheek teeth on each side  

6 years  Upper jaw:  1 incisor and permanent canine through on each side  

Lower jaw:  permanent canine through  

7 years  Full set of permanent teeth  

First cheek teeth on both jaws are darker in colour than the other 

teeth 
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The first pair of permanent cheek teeth are separate from the other teeth and 

are dark in color. It is a difficult task to age a camel, but camels can be aged up 

to 7 years while llamas and alpacas can be aged up to 5 years by their teeth.  

The canines begin to appear at 6 years of age and by the age of 7 are well 

erupted. These teeth in the upper jaw can be 4 centimeters long. The lower 

ones may be cut off by some camel owners. Camels can live to about 40 years 

of age but from 15 years of age they will have difficulty with hard feed stuffs as 

the front teeth wear and begin to drift.  

A study was done in Nigeria (Bello et al., 2013) on a total of 1100 camels of 

both sexes aiming to estimate the age of camel using rostral dentition through 

the phenomenon of tooth eruption and wearing. It is an essential part of 

anamnesis to know the age, which can aid in clinical diagnosis and also in 

chemotherapy, as the age of the subject can influence the choice and dosage 

of some drugs. Estimation of the age of such animals thus becomes necessary 

in the course of clinical evaluation and management of the herds, such as in 

Africa, where most camels are held by pastoralists, and some of whom cannot 

keep written records of their animals. Although the only way to age an animal 

accurately is to know the date of birth, but various anatomical features can be 

used to estimate age when these records are not available. That study showed 

that camels have no teeth at birth, all the deciduous teeth have erupted at 9 

months, all the deciduous incisors and canine have worn down at 4 years. All 

the permanent incisors and canine teeth have erupted by the age of 7 years, 

and all the permanent incisors are in wear at 12 years. At 15 years, all the 

permanent incisors and canine teeth have worn down, and at 20 years, all the 

permanent teeth are down and clearly separated from each other (Bello et al., 

2013; Camels Australia Export, 2016). 
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Fig.99: Ageing camels from the permanent teeth (Food and Agriculture 

Organization of the United Nations, 2013) 
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1. Incisor teeth:  

The teeth across the front of camel mouth are six in the lower jaw (2 centrals, 2 

laterals and 2 corners), and only two in the upper jaw which are conical in 

shape and less well developed or may be absent, especially in adult females.   

In this study, the teeth were classified into anterior and cheek teeth, in which 

the incisor teeth were identified as maxillary right and left incisors (deciduous or 

permanent), and mandibular right and left 1st, 2nd, 3rd incisors (deciduous or 

permanent) Table 2, section 3.4 in the results chapter. A charting system was 

developed to facilitate the identification of each tooth, which will be described 

later in this chapter in section 4.1.3. 

Camels are ruminant animals like cattle, sheep and goats which are herbivores, 

and have a unique digestive anatomy. These animals lack upper incisors, and 

they have instead a prominent "dental pad" in the upper anterior region of the 

mouth (Rouge, 2001). 

2.  Canine teeth   

Canines are also called tusks or tushes. They develop in the corner of the 

mouth between the incisors and the first premolar teeth in the upper and lower 

jaws. The camel’s canines are conical in shape, and are characteristically larger 

in males than in females. The permanent canine teeth later replace the 

deciduous canine, and are considerably larger in size.   

3. Premolar teeth   

These are cheek teeth classified as premolars, and are all deciduous teeth. 

They are the most forward of the grinding teeth set further back in the jaws 

adjacent to the cheeks.  

4. Molar teeth   

They develop behind the premolars only as permanent teeth.   
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Tooth eruption is said to occur when any part of the tooth penetrates through 

the gum, and it may be better felt than seen sometimes (Camels Australia 

Export, 2016). Another illustration of deciduous and permanent teeth eruption is 

shown in figure:100a-c. Again the deciduous teeth are left white, and the 

permanent teeth are indicated by some shading above the gum line. 

 

Camels can be aged by tooth wear as severe wear is normally seen in camels 

at age 4.5 - 5 years, but this can be confused with that seen in very old camels. 

The worn deciduous teeth in the younger mouth appears as smaller stumps and 

usually will be loose. The older camel teeth the stumps will be larger and firm, 

with yellowish gums in contrast to the pink gums of younger camels. Of course, 

when looking at the camel before looking in the mouth it is always advised as a 

golden rule to know if the camel is young or old (Camels Australia Export, 

2016)! 

 

The camel teeth were described according to different ages as follow: (Camels 

Australia Export, 2016) 

 

Teeth at Nine Months (Fig.100a) 

For the deciduous central incisors, eruption occurs about birth to 14 days; for 

the lateral incisors at 4 - 5 weeks and for the corners at 6 - 12 weeks. By 6 

months some tooth wear may occur commencing with the centrals. By 6 

months also deciduous canines, upper premolars 1, 2 & 3 and lower premolars 

I & 2 are all erupted. By 12 months, upper deciduous corner incisors may have 

been lost from female dromedary camels. 

  

Teeth at One and One Half Years(Fig.100b) 

By one year of age a full set of deciduous teeth are present with all the lower 

incisors showing tooth wear. At eighteen months all deciduous teeth are fully 

functional. Between 12 and 15 months the upper and lower 1st permanent 
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molars being erupt and are fully erupted through the gums by 18 months. 

 

Teeth at Two to Three and One Half Years (Fig.100c) 

By 2 - 2.5 years: progressive tooth wear and separation is seen in all the 

deciduous incisor teeth. All permanent 1st molars start to wear down at this age 

while all 2nd permanent molars start erupting. 

At 3 - 3.5 years: all the deciduous incisors are severely worn down and 

separated, and some may be loosening, while all the 2nd permanent molars 

have erupted. 

 

Teeth at Four to Fifteen Years (Fig.100d) 

At 4 years: the deciduous incisors appear small and irregular in shape due to 

advanced tooth wear. 

At 4.5 - 5 years: exfoliation of lower deciduous premolars occurs and are 

usually not replaced. Eruption of permanent central incisors behind the 

deciduous stumps takes place (if latter still present). 

At 5 - 5.5 years: the upper 2nd and 3rd permanent premolars, and permanent 

lower 2nd premolars erupt. Shedding of deciduous lateral incisors occurs, and 

upper and lower 1st and 2nd molars are beginning to wear while the 3rd molar is 

about to erupt. 

At 6 - 7 years: the upper corner permanent incisors (which are not found in 

every camel) erupt at this age, and the upper and lower permanent canines and 

upper permanent premolars are all erupted. Tooth wear is seen in the 

permanent central and lateral incisors, and all upper and lower permanent 

premolars and molars are showing wear by 7 years. The lower permanent 

corner incisors erupt. 

At 8 years: at this age all the permanent teeth are present and showing wear. 

The 1st premolar are darkly stained if present and that is due to plaque and 

scale. Canines are large and powerful, especially in males. 
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8 - 15 years: progressive tooth wear can be seen and is related to the food 

consumed by the camel and its content of abrasives. The permanent incisors 

appear separated and this usually commences at about 15 years. 

 

4.1.3. Charting the Dromedary Dentition 

 

To facilitate identifying the individual teeth in this study, a simple charting 

system was developed similar to the Palmer or Zsigmondy Systems used for 

the human dentition (Zsigmondy, 1874; Palmer, 1891).  

 

There are two dental arches in the camel: the maxillary, which is part of the 

cranium and immovable, and the mandibular. In camels, the units of the primary 

and permanent dentitions are unequally divided between the two arches. In the 

primary dentition, there are 10 maxillary and 12 mandibular teeth, and in the 

permanent dentition there are 16 maxillary and 18 mandibular teeth. The 

charting system used divides the camel’s mouth into four quadrants: 

 

Maxillary right =1 

Maxillary left =2 

Mandibular left =3 

Mandibular right =4 

 

For the primary teeth the following designation was used: 

DI =deciduous incisor 

DC=deciduous canine 

DCT= deciduous cheek tooth 

For the permanent dentition it is: 

I=incisor 

C=canine 

CT= cheek tooth 
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Fig.100: Dromedary camel teeth eruption: a. teeth at nine months, b. teeth at 

one and one half years, c. teeth at three and one half years, d. teeth at fifteen 

years. (Camels Australia Export, 2016) 

 

 

a. 9 months b. 1.5 years 

c. 3.5 years d. 15 years 
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As with the Palmer and Zsigmondy Systems, the number of the quadrant 

precedes the tooth designation, which is followed where appropriate by the 

number of the incisor or cheek tooth.  

 

For example, a 6-month-old camel will have the following teeth, which are all 

deciduous: 

 

 

  1DCT3 1DCT2 1DCT1   1DC             1DI  2DI            2DC    2DCT1  2DCT2 2DCT3 

 4DCT2 4DCT1   4DC  4DI3 4DI2 4DI1 3DI1 3DI2 3DI3 3DC    3DCT1  3DCT2 

 

Whereas a 3-year-old camel will have a mixed dentition as follow: 

 

And a 7- year-old camel will have all permanent teeth as follow: 

 

 

 

One other charting systems exists for dromedary camel teeth (Mukasa-

Mugerwa, 1981): 

Primary teeth 

 

 

Permanent Teeth  

 

 

 

  1CT5 1CT4 1DCT3 1DCT2 1DCT1 1DC                     2DC   2DCT1 2DCT2 2DCT3 2CT4 2CT5 

       4CT4  4CT3 4DCT2 4DCT1 4DC 4DI3 4DI2 4DI1 3DI1 3DI2 3DI3 3DC   3DCT1 3DCT2 3CT3  3CT4 

 1CT6 1CT5 1CT4 1CT3 1CT2 1CT1   1C          1I    2I          2C    2CT1 12CT2 2CT3 2CT4 2CT5 2CT6 

 4CT5 4CT4 4CT3 4CT2 4CT1  4C  4I3 4I2 4I1  3I1 3I2 3I3 3C    3CT1 3CT2  3CT3 3CT4 3CT5 
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Here i refers to incisors, c to canines, pm to premolars, and m to molars. Here 

too the cheek teeth are classified into premolar and molar teeth. In the present 

study all posterior teeth were classified as cheek teeth. 

 

4.1.4. Description of Dental Anatomy of Dromedary Camel Teeth  

There are eight incisors in dromedary camels, six in the lower jaw and two in 

the upper jaw. The morphology of the incisor teeth in the lower jaw is simple 

without an infundibulum (cingulum). They all have long white narrow crowns, 

which are chisel or spade shaped. They are similar to the teeth of the ox with 

crowns that converge rather than diverge (Grossman, 1960). The crowns of the 

young teeth have labial and lingual surfaces entirely covered with enamel, and 

usually meet at a sharp edge on the free end. As the crown wears down, the 

dentine becomes evident on the occlusal table or masticatory surface. The 

deciduous incisors have similar morphology to the permanent teeth except they 

are smaller. 

 

The incisors of the upper jaw usually do not erupt, and when they do develop 

they take the form of canine or tusk-like structures (Grossman, 1960). In female 

camels, this tooth sometimes fail to develop (Younan, 2012). 

  

Dromedary camels have four canine teeth, two in the upper jaw and two in the 

lower jaw. The upper canine is located in the maxilla very near the suture with 

the premaxilla which is in keeping with the general convention that the upper 

canine is defined as the most anterior tooth in the maxilla, and the lower canine 

is the tooth that occludes immediately in front of it. The deciduous canines have 

very simple diminutive and relatively featureless crowns, and the permanent 

canines are larger in size and reach up to 4cm in length in male camels.  

 

The deciduous cheek teeth are 10 in number, six in the upper jaw and four in 

the lower jaw. Sometimes these teeth are referred to as premolar teeth, and 

originally thought to be without permanent successors, but this is inaccurate 
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(Fig.53f).  The maxillary 1st cheek tooth is bicuspid with two roots (Fig.40), the 

2nd cheek tooth has four cusps and three roots (Fig.41), and the 3rd cheek tooth 

is very similar to the 2nd cheek tooth with a more prominent mesiobuccal cusp 

and has four roots (Fig.42).  

 

There are 22 permanent cheek teeth, 12 in the upper jaw and 10 in the lower 

jaw. Unlike horse teeth, the cheek teeth of dromedary camel do not have the 

long crown embedded, but they do have teeth similar to those of the ox 

(Grossman, 1960). The 1st cheek teeth are the last teeth to erupt in dromedary 

camels and they typically erupt at the age of 7 years. Relative to the other teeth 

they appear quite dark. This tooth is referred to as the first premolar sometimes, 

and is tusk-like, located in the interdental space of the upper and lower jaws. 

The cheek teeth appear worn down, especially the maxillary right and left 4 th 

cheek teeth. (Fig.49e.f.) The upper 6th cheek tooth (last upper cheek tooth) is 

below the orbit, but the roots do not project into the maxillary sinus (Grossman, 

1960).  

 

There are four mandibular permanent cheek teeth on each side. The 2nd cheek 

tooth is bicuspid (Fig.49), whereas the 3rd and the 4th cheek teeth have four 

cusps. The last mandibular cheek tooth has 6 cusps, and they are beginning to 

wear down by the age of 7 years (Fig.50). 

 

 

4.1.5. The Naming of Teeth 

 

The incisor teeth at the front of the mouth of the camel are six in the lower jaw, 

three in each quadrant. This is the mandibular complement of the original 

mammalian dentition. In terms of their relative positions these are arguably best 

referred to as the central incisor, the middle incisor and the lateral incisor. 

However, camel farmers and veterinary surgeons in the Gulf States and Saudi 

Arabia refer to them as central incisors, lateral incisors and corners 
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respectively. The same nomenclature, in which the third incisor is called a 

‘corner’, is in common usage among veterinary surgeons who treat horses or 

dogs in the USA and UK which probably reflects the widespread interaction and 

co-operation between members of the veterinary profession in those countries. 

 

English provides us with the most widely-used terminology in the naming of 

teeth but Arabic is the language of those who have most to do with the care of 

camels.  Arabic is the principal language spoken today derived from the Semitic 

group of languages and its origin from a postulated Proto-Semitic language 

goes back over five and possibly six millennia (Hetzron, 1997). Proto-Semitic is 

the only subfamily of the Afro-Asiatic family of languages to be spoken outside 

of Africa, and the homeland of the people speaking Proto-Semitic is widely 

considered to have been Mesopotamia, the Levant and the Arabian Peninsula. 

This was also the homeland of the domestication of the camel (Sapir-Hen and 

Ben-Yousef, 2013).  

 

The modern Arabic terms for the first five teeth in each of the lower quadrants 

of the camel dentition are as follows (Saada, 2005): 

 

First incisor,  و أول القواطعأثني  (thani or awal al qawatoe)     

Second incisor, ثاني القواطع أو جانبي  (janibi or thani al qawatoe) 

Third incisor, ثالث القواطع أو ناجد  (najed or thalith al qawatoe) 

Canine, ناب  (nab) 

First cheek tooth, الطواحن األمامية   (tawahin amameia) 

 

About the same time as the emergence of Proto-Semitic, the ancestral 

language of another important group of languages was established immediately 

to the north of the Proto-Semitic homeland. This was Proto-Indo-European and 

its homeland included the northern shores of the Black Sea and the Caspian 

Sea, and the region of the Caucasus mountains. From there, people carried 

their language with them as they spread out over most of Europe and parts of 
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Asia. This was facilitated by domestication of the horse, the Indo-European 

equivalent of the camel (Anthony, 2007). As the groups of migrants diverged, 

the Proto-Indo-European language fragmented into about a dozen major 

subfamilies. These included inter alia the Germanic languages (including 

English), the Slavic languages (including Russian) and the Italo-Celtic 

languages (including Irish). The relevant terminology in each of these modern 

languages was examined to see what agreement remained after the three 

millennia of their divergence from Proto-Indo-European.    

 

In Russian (Budtueva, 2016), the word for a tooth is зуб (zub). An incisor is 

резец (rezec), meaning a cutter, from the verb резать (rezat), to cut. That is 

similar to the derivation of the English word incisor from the Latin in caedere, to 

cut into. But in Russian central incisors are called зацепы (zacepy) or ‘hooked’ 

teeth, in the sense that a trailer is hooked to a car. The word for a trailer, 

прицеп (pricep), comes from the same root. The derivation may be due to the 

fact that when a horse is pulling something by the mouth, it is probably holding 

on it by those teeth. Second incisors are called средние (srednie), which means 

middle (it is the same term used for ‘average’), and third incisors are called 

окрайки (okrajki). This word is equivalent to the English word selvedge, the 

edge of a fabric finished so as to prevent the fabric from unravelling. The canine 

is клык (klyk) which is derived from the root кол (kol), кл (kl). the 

verb колоть (kolot) means to prick or pierce, and the noun укол (ukol) is a 

common term for an injection.The first premolars are called волчцы 

(volchcy), from the word волк (volk) meaning a wolf. 

 

In Irish (Ó Laoi, 2017), the general term for a tooth is fίacail (feekill) which is 

quite unlike any other equivalent term in all the Indo-European languages. In 

Old Irish there were two words for a tooth, déad (day’ed) or fec (fek), the closest 

term to the latter being found in a non-Indo-European language, Hungarian, in 

which the word for tooth is fog (fog). Hungarian (along with Finnish and 

Estonian) is a subfamily of the Uralic family of languages. The Hungarian 
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language emerged about 800 BC in the homeland of the Magyars in the Ural 

mountains. According to the origin legend of the Gaelic Irish, this was the 

territory through which the Gaelic tribes migrating westwards would have 

crossed about that time (O’Sullivan, 2017) but the link seems tenuous.  An 

incisor tooth is clár (claw’r) or clár-fhίacail (claw’r-eekill), from clár (claw’r) 

meaning a flat object such as a board, a writing tablet, even the palm of the 

hand. An upper central incisor is called a slúasat (slewa’sat) from slúasat 

(slewa’sat) meaning a shovel which reflects the term for an incisor with 

prominent marginal ridges most common amongst the Chinese, called a shovel-

shaped incisor. A lateral incisor is tuidmid, (tewd’mid) a term that can be 

translated as binder which is reminiscent of the use of the word for selvedge in 

Russian. There are several words for the canine: fostóigh (fuss’toe’igg) 

meaning a detaining or gripping tooth, and géarán (gay’rawn) and starróg 

(starr’ogue) which both have the connotation of something prominent or 

projecting, and which can be used for incisors as well when any of those teeth 

merit that description. The word starróg (starr’ogue) is often translated as wolf-

tooth but it is not certain if this relates to a canine or a first premolar.  

 

The conclusion is that these languages have been diverging for so long a time 

that any resemblance between their dental terminologies is no longer obvious. 

This is despite the objects themselves, the teeth, being stable in appearance 

over that time and hence should be among the words least likely to vary 

between those languages. Only in the general word for a tooth was there a 

clear indication of a link between them, with selected samples as follows:  

 

Celtic group: 

Cornish, danz 

Breton, dant 

Irish, fίacail, déad  

Manx, feeackle 

Old Irish, dét 
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Early Irish, fec 

Scottish, fiacaill, deud 

Welsh, dant 

 

Germanic group: 

Dutch, tand 

English, tooth 

German, zahn 

Icelandic, tönn 

Norwegian, tand  

Old English, tóth 

Old High German, zan(d)  

Norse, tönn 

 

Indo-Iranian group: 

Avestan, data 

Hindi, dant 

Persian, dandàn 

Sanskrit, danta 

 

Romance group: 

Catalan, dent 

French, dent 

Italian, dente 

Latin, dens 

Portuguese, dente 

Romanian, dinte 

Spanish, diente 
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Slavonic group: 

Bohemian, zub 

Bulgarian, zub 

Polish, zab 

Russian, zub 

Serbo-Croatian, zub 

 

 

4.1.6. Anatomy of The Digestive System  

 

The digestive system of the dromedary camel is unique. Early reports correctly 

described the digestive system of the dromedary (Cauvet, 1925; Leese, 1927; 

Droandi , 1936; Tayeb, 1950a; Tayeb, 1950b), and these original observations 

were later confirmed by those of Schmidt-Nielsen (1964). Based from the 

findings of these investigators, the following summary describes briefly the parts 

of the digestive tract one by one and is largely based on the descriptions of 

Grossman (1960) and Mukasa-Mugerwa (1981), confirmed in many cases by 

my own observations in the Camel Farm and from the skulls.   

 

The first part of the digestive system of dromedary camels are the lips, which 

are extremely mobile, with the upper lip being bifid to aid the consumption of 

thorny plant material, and the lower one is pendulous, especially in adults. The 

upper lip is quite sensitive to help the camel picking up small pieces of 

vegetation, and there are sphincteric muscles surrounding the nostrils to keep 

them closed most of the time, to reduce evaporation from the nose and prevent 

the entrance of sand and flies. The camel’s mouth is open most of the time and 

making gurgling or bellowing sounds are emitted frequently. There is a pink 

bladder-like membrane, which is part of the soft palate, that can be seen 

protruding beyond the lips during the process of gurgling sound production, 

especially among rutting males. This protruding mucous membrane appear as a 

balloon-like structure, which has no central cavity, and is seen in both sexes, 
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but is seen less in females than in males. The protrusion of this membrane, 

which is made of loose connective tissue, is associated with the eructation of 

rumenal gases (Leese, 1927). It was reported by the British Military 

Administration in Eritrea that the protrusion of the soft palate mucosa of 

dromedary camels may be a mechanism of moistening the throat, and 

protecting the camel from excessive thirst. Dromedary camel has a very hard 

dental pad and a long hard palate (Mukasa-Mugerwa, 1981). 

 

The soft palate (Figs. 101 and 102) which separates the cavity of the mouth 

from the pharynx, except during swallowing, is a musculo-membranous flap. 

The soft palate of the adult camel is about ten inches (ca. 25 cm.) in length 

and several inches in diameter. When relaxed, the soft palate extends 

backward past the larynx, by dividing into two branches so that each branch 

passes on either side of the larynx (Grossman, 1960).  

The mouth (Fig. 101 and 102) is bounded by the cheeks laterally, the hard 

palate above, the body of the mandible and the mylohyoid muscles below and 

by the soft palate from behind. The oral cavity appears as along cylindrical 

cavity in dromedary camels, and it is almost entirely filled by the contained 

structures when closed. A small space, which may be termed as glosso-

epiglottic space, remains between the root of the tongue, the soft palate and the 

epiglottis. Fibrous tissue fills this space, which is attached to the soft palate, and 

it varies in the male and female. In the male camel the fibrous tissue is much 

more developed to fill the space more than that in the female. The teeth and the 

alveolar processes divide the oral cavity into two parts. The first part is the 

space external to these structures, and enclosed by the lips and cheeks, which 

is called the vestibule of the mouth. The second part is the space within the 

teeth and alveolar processes, which is the mouth cavity proper.  

 

The mucous membrane of the mouth is continuous with that of the margin of 

the lips and with the mucous membrane of the pharynx behind. The cheeks 
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of dromedary camels form the sides of the mouth and are continuous with 

the lips. The alveolar borders of the bones of the jaws are attached to the 

cheeks, which are composed of a thin and pliable skin, muscular and 

glandular layers and the mucous membrane. The buccinator muscle holds 

the buccal glands on its surface, and these glands are well developed into 

definite glandular mass in the posterior part, and the ducts of these glands 

open in a series of small openings opposite the cheek teeth. The mucous 

membrane is continuous behind with the soft palate. Large, pointed, conical 

papillae, are present and directed backward and covered by a cornified 

epithelium (Fig.102). The parotid duct empties between the bases of the 

conical papillae and opposite the junction of the second and third upper 

cheek teeth. These cheek pigmented papillae are long conical protuberances 

that can reach up to 2 cm in length, and can easily be mistaken for 

pathological growths. The dromedary camel has a small tongue, but it is 

highly mobile and supplied with five to seven circumvallate papillae on each 

side, each of which can be up to 1 cm in diameter (Mukasa-Mugerwa, 1981). 

The hard palate is bounded anteriorly and laterally by the alveolar arches, and 

posteriorly it continues as the soft palate. Dromedary camel’s anterior alveolar 

arch differs from those of the horse and other domesticated ruminants in that 

the anterior alveolar arch is not complete in the camel, and is supplied with a 

modified dental pad. There is a corrugated connective tissue structure covered 

by a smooth mucous membrane, the corrugations running transversely with a 

central raphe dividing the surface. The dental pad has a large incisive papilla.  

 

The floor of the mouth in dromedary camel is divided into anterior and 

posterior parts, where the anterior part is formed by the body of the 

mandible, and is covered by mucous membrane, whereas the attached 

portion of the tongue covers the posterior part. The duct of submandibular 

salivary gland opens on this surface, and not on a papilla as it does in 

humans. Along either side of the attachment of the tongue is a fold of 
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membrane where the sublingual salivary gland lies, and several openings for 

these glands can be found.  

The communication between the mouth and the pharynx, the isthmus of the 

fauces, is bounded above by the hard palate, below by the root of the 

tongue, and the anterior pillars of the soft palate laterally. This structure 

usually varies in its length. The tongue of dromedary camels is supported 

mainly by the mylohyoid muscles, and is situated on the floor of the mouth 

between the rami of the mandible. The posterior part of the tongue is 

attached to the hyoid bone, soft palate and pharynx with a free upper 

surface, whereas the body of the tongue is free in all its three surfaces. 

When viewed from the dorsal surface it appears rounded and wider behind 

than in front; and its lateral surfaces are flattened to conform to the surfaces 

of the mandible. It is attached on the ventral surface and related to the 

geniohyoid and the mylohyoid muscles. The apex or tip of the tongue is free 

and similar to that of the horse (Grossman, 1960).  

The mucous membrane is closely adherent to the underlying tissue, except 

on the lower part of the lateral surfaces of the body and the ventral surface of 

the tip. There are numerous papillae in the mucous membrane, same as on 

the tongue of the horse, but there are only five to seven vallate papillae 

usually found on either side of the posterior part of the dorsum of the tongue 

(Grossman, 1960). 

The teeth of dromedary camel were described earlier. The camel’s salivary 

glands resemble those of other ruminants with some minor anatomical 

differences. These glands include well-developed parotid, maxillary and molar 

glands, and insignificant sublinguals. There is also a minute salivary gland at 

the base of the cheek papillae (Leese, 1927). The dromedary camel is richly 

supplied with these glands and the associated autonomic supply and lymphatic 

drainage (Tayeb, 1950a). 
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The camel has a long and narrow pharynx which is divided into two chambers, 

anterior and posterior, by a transverse mucosal fold. In addition to the nasal 

cavity and frontal sinus, the anterior chamber is the most common site affected 

by nasal botflies (Cephalopina larvae). These irritate and damage the mucosa, 

causing sneezing, restlessness and head shaking (Kaufmann, 1996). Unlike the 

horse, the camel has no guttural pouches (Mukasa-Mugerwa, 1981). 

 

The camel’s oesophagus is a long tube of large capacity. It can reach up to 1-2 

m long, unlike the oesophagus of the horse where this tube is often half the size 

of the trachea. The camel’s oesophagus is lined by glands which help to 

lubricate the often rough forage consumed by the camel by secreting mucus 

(Mukasa-Mugerwa, 1981).
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Fig. 101: Sagittal section of head of the cow camel (Grossman, 1960) 

1. Plica transversalis pharyngeus; 2. Plica transversalis isthmus faucium;  

3. Soft palate; 3. Posterior pillar of the soft palate; 4. Dorsal turbinate;  

5. Ventral turbinate; 6. Great ethmo-turbinate.  
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Fig. 102: Sagittal section of head of the male camel (Grossman, 1960) 

1. Plica transversalis pharyngeus; 2. Plica transversalis isthmus faucium; 3. Soft palate; 4. Epiglottis; 5. 

Arytenoid cartilage; 6. Dorsal turbinate; 7. Great elhmoturbinate; 8. Ventral turbinate; 9. Perforation for 

nose plug; 10. Papillae.  

10 
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The stomach of the dromedary camel has four chambers, like all ruminants, but 

there are some reservations as to whether the last two chambers should be 

classified as separate entities. The first compartment or rumen is the source of 

controversy due to its additional anterior and posterior sacs, which are divided 

into smaller chambers and subchambers by well-developed mucosal folds 

(Schmidt-Nielsen, 1964). The edges of these mucosal folds are made of strong 

muscular bands. Examination of camel’s rumen on postmortem reveals that it 

often contains a mixture of food, mucus and water. There is usually a smelly, 

slimy fluid in the extra chambers which is why they are sometimes called “water 

chambers”, “water sacs” or “water compartments”.  These water sacs are 

traditionally interpreted as providing major water storage facilities but this view 

has been refuted in recent times (Mukasa-Mugerwa, 1981). They have a 

capacity of not more than 7 litres and this amount could not meet the needs of a 

large animal like the camel for any length of time. The left side of the abdominal 

cavity is occupied mainly by the rumen, which contain ingesta amounting to 

approximately 11 - 15 % of the animal’s body weight, the same capacity 

compared with that of the cow. 83% of these contents is water, necessary for 

digestion in ruminants. Numerous glands which secrete a product very similar 

to saliva is present in the extra-rumenal compartments (Mukasa-Mugerwa, 

1981).  

 

The rumen is connected to the reticulum by a large opening, which is called the 

honeycomb, second stomach or second compartment. The mucosal surface of 

the reticulum differs from that of other ruminants only in being glandular. The 

capacity of the reticulum is small, but it contains more fluid than the rumen. 

There is only one well developed lip in the oesophageal groove of the camel 

stomach. The third stomach or third compartment (the omasum) of the camel 

does not have the extensive mucosal folds, which is a characteristic of the 

bovine. The fourth stomach, glandular or hind stomach (abomasum) is hardly  
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Fig. 103: Schematic representation of the alimentary tract of the dromedary.    

I. Left rumen sac, 2. Right rumen sac, 3. Anterior water sac, 4 Posterior water sac,  

5. Oesophagus, 6. Reticulum, 7. Glandular stomach, 8. Duodenum, 9. Small intestine,  

10. Caecum, 11. Colon, l2. Terminal portion of colon, l3. Rectum (Droandi , 1936) 
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distinguished from the omasum externally. There are 15 -20 mucosal folds 

lining the abomasum, which are a favourite site for Haemonchus longistipes, a 

gastrointestinal abomasal nematode which is one of the most prevalent and 

pathogenic parasites infesting the stomach of ruminants. The camel has a well-

developed pyloric sphincter. 

 

The small intestine of the adult camel is about 40 m long (Leese, 1927). The 

duodenal portion contains the common secretory duct of the liver and pancreas, 

and it is located about 50 - 55 cm from the pyloric sphincter. Most of the right 

abdominal cavity is occupied by the jejunum. There are a chain of mesenteric 

lymph nodes and a further group around the anterior mesenteric artery also 

associated with this middle portion. The large intestine is closely associated 

with the lymphatic supply of the ileum, which is approximately 20 m long.  

The caecum of the camel is similar to that of the cow, except that its blind end is 

attached to the mesentery. The dromedary colon is also similar to that of the pig 

in being larger in its first portion, and is somewhat coiled also (Fig.103). It is 

enclosed in its own mesenteric fold. The fluidy luminal contents suddenly 

change into hard faecal pellets of dung in this region where much water is 

absorbed. The terminal portion of the large intestine is the rectum. 

The camel liver is characterised by being highly lobulated like that of a cow, 

especially on its ventral-posterior surface. It is also similar in appearance to that 

of the pig by having an extensive interlobular connective tissue (Leese, 1927). 

There is no gallbladder in the camel, and the bile duct fuses with the pancreatic 

duct to discharge by a common opening into the duodenum. The spleen is large 

and weighs 5.5 - 6.6 kg  (Mukasa-Mugerwa, 1981). 

 

4.1.7. Conclusion 

The morphology of dromedary camel teeth is more complex than human teeth 

(Radhi et al., 2016). Dromedary camels have two sets of teeth, primary and 

permanent, consisting both of incisors, canines and cheek teeth. A simple 

charting system was developed to facilitate identifying the individual teeth. 
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4.2. THE SKULL AND MUSCLES OF MASTICATION IN CAMELUS 

DROMEDARIUS: 

 

4.2.1. Introduction 

There is extensive tooth wear in dromedary camel teeth both in the 

deciduous and permanent dentitions, and this could be related to their diet 

being tough and herbivorous, but also to their patterns of mastication and the 

nature of their jaw movement. 

In this section the muscles of mastication of dromedary camel and jaw 

movement will be illustrated and discussed, but before that the camel skull 

will be discussed in details.  

 

4.2.2. Dromedary Camel Skull  

The skull of dromedary camel resembles that of the ox in a few characteristics, 

but more closely resembles that of the horse in most details, and the dog in 

other details. There are same number of bones in the skull of the camel as in 

other mammals, but they vary greatly in their form, and the camel is usually 

placed in a category by itself (Grossman, 1960).  

4.2.2.1. The Dorsal Surface  

Viewing the dorsal surface of the skull one can see the squamous part of the 

occipital, the interparietal, parietal, frontal, nasal and premaxilla bones. It can 

be divided into parietal, frontal, nasal and premaxillary regions (Fig.104).  

The parietal bone extends from the nuchal crest to the parietofrontal suture. 

The external parietal crest is seen on the medial surface of the bone, and it 

extends through the parietal region to the parieto-frontal suture, then it 

bifurcates and continues as the frontal crest on to the root of the supraorbital 
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process. In dromedary skulls, the parietal crest is high and not divided as it is 

in the horse (Grossman, 1960).  

The widest part of the skull seen from the dorsal surface is the frontal region, 

which is a smooth and slightly depressed bone in the central part, with 

several foramina present there; which soon join to form a canal which opens 

into the orbit. Unlike the frontal region, the nasal region in the camel is 

narrow and straight throughout its length, and it ends near the junction with 

the premaxillary bone with no premaxillary suture. In the premaxillary region 

the osseous nasal aperture and a cleft are present between the bodies of the 

premaxilla instead of the more familiar incisive foramwn.  

4.2.2.2. The Lateral Surface  

The lateral surface of dromedary camel skull can be divided into cranial, 

orbital and pre-orbital regions.  

4.2.2.2.1. The cranial region  

This region contains the temporal fossa, the zygomatic arch and the outer 

part of the petrous temporal bone. The temporal fossa is bounded by the 

parietal and frontal crests anteromedially, the temporal crest and root of the 

zygomatic arch laterally, and the nuchal crest posteriorly. The temporalis 

muscle is attached to the upper and posterior surfaces of the cranial region 

where the surfaces are roughened for its attachment; foramina which enter 

the temporal canal may be found in its lower part. The orbital cavity in 

connected to the fossa, which passes beneath the supraorbital process. 

  

The zygomatic arch consists of the zygomatic processes of the temporal and 

malar bones, and a small part of the maxilla. The temporal condyle and 

glenoid cavity are present in the ventral surface of the zygomatic arch, where 

they articulate with the mandible. The post-glenoid process is located behind 

the glenoid cavity, where the temporal canal opens from behind, and the 

external acoustic meatus is located behind the opening of the temporal canal 
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and below the temporal crest. The stylomastoid foramen is below the 

acoustic meatus, and behind it is the paramastoid process of the occipital 

bone.  

4.2.2.2.2. The orbital region  

This region contains the orbit and pterygopalatine fossa. The orbit contains 

the eye-ball and its associated structures, and is directly connected to the 

temporal fossa. The medial wall is made of the frontal, lacrimal and orbital 

wing of the sphenoid, and it appears concave and smooth. In the extreme 

anterior part of the orbit the lacrimal fossa is located, and there is a small 

depression behind this where inferior oblique muscle of the eye arises. The 

dorsal wall is complete and is formed by the frontal and a small portion of the 

lacrimal bone. The foramen beneath the supraorbital process leads, by a 

canal, to the group of foramina on the frontal surface of the skull. The malar 

bone and the maxilla form the ventral wall, which is incomplete, and in the 

maxilla directly beneath the orbit, the last upper cheek tooth can be found 

embedded.The lateral wall is formed by the supraorbital process.  

The orbital group of foramina is located at the extreme posterior part of the 

pterygopalatine fossa, and they include the ethmoidal foramen, which is the 

upper and anterior foramen which transmits the ethmoidal vessels and 

nerve. Underneath that lies the optic foramen, which is more than 25 mm 

further back and it transmits the optic nerve. Then the foramen orbito-

rotundum is located behind and below the optic foramen. This is a very large 

foramen. The opening of the pterygoid canal is located just medial to the 

orbito-rotundum foramen, which transmits the nerve of like name. The 

foramen ovale is found outside the pterygopalatine fossa and about 25 mm 

behind the pterygoid crest.  

There are three foramina in the anterior portion of the pterygopalatine fossa. 

The maxillary foramen is the most anterior one, and it is the entrance to the 

infraorbital canal, which transmits the infraorbital nerve and vessels. Then 
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comes the spheno-palatine foramen where it perforates the medial wall and 

transmits the spheno-palatine vessels and nerves to the nasal cavity. The 

third foramen of the maxillary recess is the posterior palatine foramen, and it 

transmits the palatine artery and nerve to the palatine canal. The camel has 

no alar canal.  

4.2.2.2.3. The preorbital region  

This region is formed from the maxilla, the premaxilla and the facial part of 

the lacrimal and malar bones. It appears as an asymmetrical triangle, with 

the base being posterior, and a dorsal border that slopes upward and 

backward and continues horizontally to meet the base; the ventral border is 

concave in its length. No facial crest is present. The infraorbital foramen is 

located about 60 mm anterior to the orbit and 25 mm higher than the ventral 

border of the orbit, which is above the level of the second upper cheek tooth 

and where the infraorbital artery and nerve emerge from. The deepest 

portion of the preorbital region is anterior to the infraorbital foramen, and it 

has a concave surface along its length.  

4.2.2.3. The Ventral Surface  

The ventral surface of dromedary camel skull without the mandible, consists 

of the cranial, choanal and palatine regions (Fig.105).  

4.2.2.3.1. The cranial region  

This region extends forward to the vomer and pterygoid processes. The 

foramen magnum is at its posterior end, flanked by the occipital condyles. 

The condyloid fossae are lateral to these, where the hypoglossal foramen is 

located medially, and it transmits the hypoglossal nerve. The condyloid vein 

passes through a small foramen lateral to this.  

The paramastoid process is at the outer boundary of the condyloid fossa. It 

extends forwards centrally from the foramen magnum as a bar of bone, 

formed by the basilar part of the occipital bone and the body of the sphenoid 
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bone; the basilar tubercles are at their junction for the attachment of the 

ventral straight muscles of the head.  

The foramen lacerum is present on either side of the basilar part of the 

occipital bone. There are two parts to this foramen; anterior and posterior, as 

the petrous temporal bone rests against the border of the basilar occipital 

bone. The glossopharyngeal, vagus and spinal accessory nerves pass 

through the posterior part and the internal carotid artery and the middle 

meningeal artery pass through the anterior part of this foramen. Anterior to 

the foramen lacerum is the foramen ovale, where the mandibular nerve 

emerges from the cranial cavity. The petrous temporal bond bounds the 

foramen lacerum laterally, and it extends to the lateral margin of the region, 

where it appears the widest part here because of the zygomatic process.  

The infratemporal fossa is located on either side of the body of the sphenoid 

bone. It is formed by the temporal wing and root of the pterygoid process of 

the sphenoid bone, and bounded by the pterygoid crest in front which 

separates it from the pterygopalatine fossa. No alar canal is present. The 

entrance to the pterygoid canal is a little medial to the foramen ovale.  

It was reported that the mastoid foramen in dromedary camel skull is very large 

and located in the occipital bone in a deep fossa in comparison to the ox, where 

it is usually situated at the junction of occipital and temporal bones (Shahid and 

Kausar, 2005). 
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Fig.104: The dorsal surface of dromedary camel skull, Camel No. 3. 

1. Interparital bone; 2. Parietal bone; 3. Frontal bone; 4. Nasal bone; 5. 

Maxilla; 6. Zygomatic process of temporal bone; 7. Coronoid process. 

 

 
 

Fig. 105: Dromedary Camel Skull (Ventral View) 1. Foramen magnum; 2. 

Occipital condyle; 3. Basic part of the occipital bone; 4. Sphenoid; 5. 

Zygomatic process of malar bone; 6. Zygomatic process of temporal bone; 7. 

Vomer; 8. Palatine; 9. Palatine process of maxilla; 10. Premaxilla; a. canine; 

b. molars.  
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4.2.2.3.2. The choanal region  

This region contains the openings between the nasal cavity and the 

nasopharynx (the pharyngeal orifice). It is divided by the vomer bone in the 

midline into two choanae or posterior nares. The palate and pterygoid bones 

bound it anteriorly and laterally. The hamular process of the pterygoid bone 

and the free border of the pterygoid process of the postsphenoid bone also 

flank this region. The pterygoid canal passes between the palatine bone and 

the pterygoid process of the sphenoid bone, beneath the border of the 

vomer, to gain a place in the pterygopalatine fossa.  

4.2.2.3.3. The palatine region  

This region occupies most of the entire length of the inferior aspect of the 

cranium. Although the hard palate is concave transversely from front to back, 

it appears concave in the anterior part and convex in the posterior part along 

its length. This region is formed by the palatine processes of the premaxillae 

and maxillae, and the horizontal parts of the palatine bones. The alveolar 

parts of the maxillae and the premaxillae surround it laterally, and the free 

border of the premaxillae is located anteriorly. The alveolar tuberosity is 

located behind the last alveolus. The median palatine suture is in the midline. 

There is a space which is enlarged for passage of the palato-Iabialis vessels 

between the bodies of the premaxillae, and there are several foraminae 

which connect with the palatine canal located medial to the alveolar border of 

maxillae. Along the lateral border of the palatine process of the premaxilla is 

located the palatine fissure, and the transverse palatine suture is about 50 

mm from the posterior border, which is opposite to the fifth cheek tooth of the 

adult camel (Grossman, 1960).  

4.2.2.4. The Nuchal Surface  

The nuchal surface is formed by the occipital bone, with the nuchal crest as 

the highest point that separates it from the superior surface of the skull. 

There is an eminence below the crest and on the midline called the external 
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occipital protuberance, on which the ligamentum nuchae is attached. A large 

foramen that leads to the temporal canal is present laterally in a depression 

above the condyles.  

The foramen magnum is located at the lowest portion of the central part, 

which is bounded laterally by the occipital condyles. Between the condyles 

and the paramastoid processes are the condyloid fossae.  

 

The bodies of the premaxillae form the apex of this region where incisor 

teeth are present.  

 

4.2.2.5. The Mandible  

The mandible is the lower jaw bone of the skull, and it is the largest bone of 

the face (Fig. 107,108). The mandible of the dromedary camel resembles 

that of the horse, but only in general form. It is a strange mixture. The incisor 

teeth resemble those of the ox, and the angular process on the posterior 

border resembles that of the dog, and the condyles resemble those of the 

pig, being convex in both directions. It is usually considered a single bone as 

the two halves of which it consists at birth fuse very early. Just as in humans, 

the dromedary camel’s mandible consists of a body and two rami.  The 

condyles articulate with the squamous part of the temporal bone on either 

side.  

The body is the anterior part of the mandible and bears the incisor and 

canine teeth. It can reach up to 17 cm in length including the incisor teeth in 

the adult camel, and about is about 13 cm without the teeth. Through the 

interdental space it appears very narrow. There is a tusk-like tooth between 

the canine and the lower cheek teeth, which is the first cheek tooth, and 

sometimes it is called the first premolar. The body presents two surfaces and 

a border. The lingual surface is markedly concave transversely and slightly 

concave in its length. It has a smooth texture, and is related to the tongue 
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during life. The superficial surface is convex and related to the cheek and 

lower lip. The site of the mandibular symphysis is indicated by a shallow 

median furrow. The anterior region of the alveolar border is curved, but it 

appears straight and parallel behind the canine teeth. There are six alveoli 

for the incisor teeth, two for the canine teeth and two for the tusk-like first 

cheek tooth (premolar), which lies about 5 cm behind the canine tooth in the 

male. These tusk-like teeth are much smaller when present in the cow 

camel. Near the middle of the body of the mandible is the mental foramen, 

which is the opening of the mandibular canal (Fig.106).  

The rami are connected to the body of the mandible, extending backward 

and diverging to enclose the mandibular space. There are horizontal and 

vertical parts in each ramus. The horizontal part bears the lower four cheek 

teeth, and a vertical part which is expanded and the powerful muscles of 

mastication are attached to it.  The most prominent part of the curve is the 

angle of the ramus. Each ramus has two surfaces, two borders and two 

extremities, with the lateral surface is smooth and convex from edge to edge 

on the horizontal part. The mental foramen on the body is located below the 

second cheek tooth, which gives two branches for the mandible. Each 

foramen is related to the mandibular canal. The surface of the vertical part of 

the mandible is roughened for the attachment of the masseter muscle. 

Whereas there is a smooth surface on the medial horizontal part of the 

ramus with a faint indication of a mylohyoid line for the attachment of the 

mylohyoid muscle. The muscle attachments are more rough in a male camel 

than in a female camel. A concave surface is seen on the vertical part, and is 

marked for the attachment of the medial pterygoid muscle by rough lines in 

its lower part. The opening of the mandibular canal is found in front of its 

middle part, then it curves downward and passes forward below the cheek 

teeth, until it opens externally by two foramina about 7-8 cm apart; the 

anterior one is the mental foramen. It carries nerves and blood vessels to the 

incisor and canine teeth through a small canal which is continued into the 
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body of the bone. Although the interdental space is thin, but the dorsal or 

alveolar border is excavated for four lower cheek teeth in its posterior part. 

The horizontal part is nearly straight in its ventral border and appears very 

thick and rounded, but in the young camels it appears curved. The thick 

border curves upward at the angle where it becomes thin. There is a pointed 

process above its middle called the angular process, to which the occipito-

mandibularis muscle is attached. The anterior extremity joins the body. The 

coronoid process in front and the condyle behind comprise the articular 

extremity. There is a notch separating the two, through where the nerve for 

the masseter muscle passes. The coronoid process, which is thick in front 

and the condyle behind comprise the articular extremity. There is a notch 

separating the two, through where the nerve for the masseter muscle 

passes. The coronoid process, which is thick transversely and nearly vertical, 

projects into the temporal fossa and provides an attachment for the temporal 

muscle.  

In an adult camel, the mandibular condyle lies about 5 cm lower than the tip 

of the coronoid process. It is wide in front, narrow and sloping downwards 

behind. It appears elongated transversely and convex in both directions. It 

articulates with the squamous temporal bone with an articular disc between 

the two bones. The neck of the mandible is just below the condyle; and there 

is a depression on its anteromedial part called the pterygoid fovea, in which 

the lateral pterygoid muscle is attached. The thickness of the entire ramus 

produces a very strong mandible, and the main thickness is usually found in 

the middle of the vertical part (Grossman, 1960). 

Age changes are questionable and could not be accurately given because 

age data and records of births or breeding dates were not kept. 
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Fig. 106:  Skull of dromedary camel (Right View): About one-year-old  

1. Paramastoid process; 2. Angular process; 3. Infraorbital foramen; 4. Upper 

and lower deciduous cheek teeth; C. Upper and lower canines; I. The three 

lower incisors.  
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Fig. 107: Mandible of dromedary camel (occlusal view): About one-

year-old. 1. Condyle process; 2. Coronoid process; 3. Opening of 

mandibular canal; 4. Ramus; 5. Body; 6; cheek teeth; 7. Incisor teeth and 

canines 
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The skull measurements of Iranian native one-humped adult camels are as 

follows: (Monfared, 2013) 

• The supraorbital foramina distance: 18.3 cm 

• infraorbital foramina distance: 6.43 cm 

• skull length: 46.2 cm 

• cranial length: 32.5 cm 

• nasal length: 13.3 cm,  

• The length and height of the mandibles of the Iranian one-humped 

camels: 39.9 cm and 9.92 cm respectively 

 

In this research, the length and width of dromedary camel skulls were 

measured and the mean length was 38.5 cm, and the mean width was 18.5 

cm (Table 1). The dromedary camels were all baby camels with ages ranging 

from 6 to 36 months old. The difference between the measurements of 

dromedary camels in this study, which were originally from Saudi Arabia and 

Bahrain, and the Iranian ones was noticed in the skull length. This difference 

could be due to age differences and an example of variation under 

domestication, which is an accelerated from of evolution.  

The anatomy of the head including the brain in dromedary camels has been 

studied using magnetic resonance imaging (MRI) (Arencibia et al., 2005). 

MR images were acquired using spin-echo techniques, a magnet of 1.5 T 

and a standard human body coil, in sagittal, transverse and oblique dorsal 

planes. Comparison of the MR images with corresponding frozen cross-

sections of the head was done together with identification and labelling the 

different anatomic structures at each level (Fig.108). Excellent soft tissue 

contrast and anatomic detail of the brain and associated structures of the 

camel head were provided by the resulting images. These annotated MR 

images from this study were intended to be used as a reference for clinical 

imaging studies of the head of the dromedary camel. 
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Fig. 108: MRI imaging showing a cross section of the camel head.  

1, Occipital squama; 2, mesencephalic tectum; 3, parietal bone; 4, thalamus; 

5, cerebral hemisphere: cerebral cortex; 6, fourth ventricle; 7, pituitary gland; 

8, frontal bone and frontal sinus; 9, ethmoid labyrinth; 10, optic chiasm;  

11, body of presphenoid bone; 12, body of basisphenoid bone; 13, basilar 

part of occipital bone; 14, myelencephalon; 15, pons; 16, cerebellar vermis 

(from Arencibia et al., 2005). 
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4.2.3. Superficial Muscles of Mastication in the Dromedary Camel 

The muscles of mastication in the camel have many similarities to those of 

the ox, with only minor differences. 

The masseter muscle has an extensive origin on the malar bone and maxilla, 

from the zygomatic arch to an area in front of the orbit, and it inserts into the 

posterior margin of the superficial surface of the ramus and the angle of the 

mandible (Fig. 18a, Fig.109b) (Grossman, 1960). The masseter is a large 

multi-pennate muscle. The elongated form of the camel’s head imposes a 

greater degree of obliquity on the muscle fibers than is seen in human 

specimens, which suggests that the masseter functions both as a protractor 

of considerable strength as well as an elevator of the mandible. Unilateral 

contraction of the masseter may produce a much greater lateral deviation of 

the mandible than is possible in the equivalent human situation. 

From examining the masseter muscle of dromedary camel before burial 

(Fig.18a, 19) it showed that the masseter had a deep group of vertically-

oriented fibres and a superficial group of obliquely-oriented fibres. This 

indicates that the masseter muscle is a very powerful cruciate muscle, which 

has implications for mandibular movements.  

The fan-shaped temporalis is a very well-developed muscle, as it fills the 

dromedary camel very large and deep temporal fossa. An increased area for 

muscular attachment is provided by the high parietal and temporal crests. 

The muscle fibres run down and are inserted onto the very strong coronoid 

process of the mandible (Grossman, 1960).  The vertically aligned anterior 

fibers with the fibers are attached to the coronoid process of the mandible at 

a slightly different level to the horizontally aligned posterior fibers, giving the 

muscle a slightly cruciform appearance and enabling it to function as a 

rotator in addition to elevation and retraction (Fig. 18b).  

 



322 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. 

b. 

1 

2 

3 

4 

5 

6 

6 

7 

7 

8 

9 

10 

11 

Fig. 109: Mandible of dromedary camel (a. dorsal view, b. lateral view): 

About one-year-old. 1. Condyle process; 2. Coronoid process; 3. Angular 

process; 4. Opening of mandibular canal; 5. Mental foramen; 6; cheek teeth; 7. 

Incisor teeth and canines; 8. Mylohyoid line; 9. Attachment of masseter muscle; 

10. Attachment of temporalis muscle; 11. Attachment of lateral pterygoid 

muscle. 
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Fig. 110: Left lateral view of head, cervical muscles (Grossman, 1960)  

1. Masseter; 2. Zygomaticus; 3. Buccinator; 4. Jugular vein;  

5. Sternocephalicus; 6. Brachiocephalicus; 7. Levator nasolabialis.  
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Observations of the movements of the mandible while camels are eating 

indicate that pronounced lateral deviations of the mandible are a frequent 

and very obvious component of the pattern of jaw movement and it would 

seem that the musculature is ideally formed to facilitate this.  

The occipito-mandibularis originates from the paramastoid process of the 

occipital bone, and runs down to be inserted onto the angular process of the 

mandible (Grossman, 1960).  

 

4.2.4. Conclusion 

The masseter muscle of dromedary camel is a large multi-pennate muscle, 

the largest of the muscles of mastication, and it functions both as a protractor 

of considerable strength as well as an elevator of the mandible, and with 

unilateral contraction of the masseter may produce a much greater lateral 

deviation of the mandible than is possible in the equivalent human situation.  

The temporalis is fan-shaped, comparatively small and fleshy, but well 

developed and it functions as a cruciate muscle allowing elevation and 

rotation in addition to pronounced lateral deviations of the mandible. The 

elevation and retraction of the mandible are a frequent and obvious 

component of the pattern of jaw movement and the musculature is ideally 

formed to facilitate this. 
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4.3. THE CAMELUS DROMEDARIUS SKULLS COLLECTION AT THE 

HUNTERIAN MUSEUM OF THE ROYAL COLLEGE OF SURGEONS 

ENGLAND 

 

 

4.3.1. Introduction 

 

The visit to the Hunterian museum was planned and accomplished in January 

2015 after all attempts of finding adult dromedary camel skulls in Bahrain had 

failed. The primary aim of the visit was to examine the permanent teeth in some 

older camels. Detailed measurements of one female and one male dromedary 

camels’ permanent teeth was completed, although the teeth could not be used 

for HSBs counts. 

 

Several features were present and noted in the permanent teeth of dromedary 

camel including; sexual dimorphism, tooth wear, and cracked teeth. In the 

following section these observations will be described together with the possible 

causes of tooth wear in dromedary camels.  

 

 

4.3.2. Sexual Dimorphisim in Permanent Dromedary Camel Teeth 

 

Sexual dimorphism is most marked in the permanent canines, (Fig.111) 

especially in the upper arch where the canines in the male camels have very 

sharp and big crowns. The average length of the male dromedary crown was 

found to be 37cm, which is 68% longer than the average length of the female 

upper canine crown, female camels (22.35cm) and 270% longer than human 

maxillary canines (Table 44) (Jordan, 1992).  
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Table 44: This table shows comparison between dromedary camel canines and 

those of humans. 
  

Tooth 

No 

Full 

length 

(cm) 

Crown 

length  

(cm) 

Root 

length 

(cm) 

MD width 

(cm) 

BL 

width 

(cm) 

Dromedary 

CAMELS 

ADULT 

TEETH 

Male 

1C& 

2C  

 

 
37.1 

 
21.4 14.21 

  ADULT 

TEETH 

Female 

1C& 

2C  

 

 
22.35 

 
9.825 7.035 

 
DECIDUOUS 

TEETH 

1DC& 

2DC 

32.8 7.5 25.3 5.3 7.7 

HUMANS ADULT 

TEETH 

13 & 

23 

27 10 17 7.5 8 

 
DECIDUOUS 

TEETH 

53 & 

63 

19 6.5 12.5 7 7 

 

 

The mandibular incisors are same shape as the deciduous incisors but are 

wider buccolingually. The molars have six well-developed cusps, which is a 

characteristic primarily found among the ancient mammals. The six-cusped type 

was a transitional stage to the more modern four-cusped type (Peyer, 1968).  

 

Sexual dimorphism can be interpreted from the maxillofacial and mandibular 

anatomy of animals. In dromedary camels it was found that beside sexual 

dimorphism affecting the canine teeth (Fig. 111), variations also occur in the 

morphological arrangement of the incisive, maxilla and nasal bones as well as 

in the eruption pattern of their first premolar or what is called the 1st cheek tooth 

in this study (Fig. 112) (Yahaya et al., 2012).  

 

No sexual dimorphism was seen in young camels, in the palatal and nasal 

indices. However, as they grow older more profound growth can be seen in the 

face of males resulting in significantly longer nasal, and palatal lengths as a 

consequence of having longer skulls (Yahaya et al., 2012).  



327 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 112: Dorsal view of the mandible of the adult camels from the Hunterian 

Museum showing variations in the eruption of the first cheek tooth or premolar: 

a. presence of two 1st cheek teeth on one half of the mandible and one on the 

other, b. presence of a single tooth on both halves of the mandible, c. presence 

of only one 1st cheek tooth on either half of the mandible, d. absence of 1st 

cheek tooth in both halves of the mandible. 

 

 

Fig. 111: showing sexual dimorphism in upper permanent 
canines of dromedary camels a. Male dromedary b. 

Female dromedary camel  

a. b. 

d. c. b. a. 
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Also, the first premolar (PI) of the mandible in camels or as it was classified in 

this study the 1st mandibular permanent cheek tooth, which is tusk-like and is 

found isolated in the diastemal region after the canine tooth, morphological 

variations in the eruption of this tooth was noticed in adult camels. While some 

camels, mainly males (85% of males, 33% of the females), had a single tooth 

on both halves of the mandible, others which were mainly females (15% of 

males and 40% females) had only one on one or other half, and others mainly 

females had none (30% females). The presence of two on one half and one on 

the other was noticed in 7% of females (Fig. 112). Therefore, there was an 

apparent sexual dimorphism in the variability of the presentation of this tooth in 

camels  (Yahaya et al., 2012). The same variations were noticed in the 

dromedary camel skulls collection examined from the Hunterian museum, 

where most of the skulls were female adult camels. 33% (2 out of 6 camels) of 

the females had a single tooth on both halves of the mandible, 66% (4 out of 6) 

had none, and 16% (1 out of 6) had two 1st cheek tooth on one half and one on 

the other. The male dromedary camel skull had a single tooth on both halves of 

the mandible (Table 4a, Fig.49-55). 

 

 

4.3.3. Tooth Wear in Dromedary Camel Teeth 

 

Extensive tooth wear occurs in both dentitions, mainly on the occlusal surface 

of both anterior and posterior teeth. 

 

The anterior teeth of the mature adult camel have exposed dentine on the 

incisal surface, and the same was noted in the posterior teeth of both juvenile 

and adult camels. 

 

This feature was noted in previous reports about camel teeth, and it was used 

as a tool to age the camels. It was shown that dromedary camels usually have 

the lower deciduous incisor teeth erupted by 2 months old, then they become 
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crowded and begin to wear down at 1 year, and at 2 years they are heavily 

worn and no longer crowded or touching each other. These teeth become 

completely worn out and loose by 4 years. The central pair of permanent teeth 

erupts at 5 years, followed by the second at 6 years, and all three pairs are 

visible at 7 years (Mukasa-Mugerwa, 1981). 

 

This type of tooth wear present in dromedary camels includes attrition, 

abrasion, erosion, and abfraction. 

 

4.3.4. Cracked Teeth in Camelus Dromedarius 

 

Fractured animal teeth are very common, which is usually caused by trauma to 

the head or from chewing on inappropriately hard objects. These fractured teeth 

usually go unnoticed by the owners of the camels unless the injury happened to 

be observed directly. Otherwise, fractured teeth are identified by the 

veterinarians and technicians while performing routine oral examinations. 

(Chamberlain and Stiles, 2016) 

For management on fractured teeth in animals, physical and radiographic 

evaluations are essential for diagnosis and determining the best treatment 

option for the fractured tooth. Performing a complete and thorough evaluation 

while the animal is anaesthetised must be performed, and it is preferred than 

conscious oral exams in the exam room, which are of limited value. The 

physical evaluation and dental radiographs can be taken under anaesthesia. 

 

Assessment of the fractured tooth using a pointed dental explorer to identify any 

loose fragments, cracks, or pulpal involvement (complicated fracture). Also a 

periodontal probe can be used to evaluate the extent of the fracture below the 

gingival margin. Transillumination can also be used to identify vertical fractures 

as well as determine tooth vitality, where a vital tooth will have a translucent 

appearance and the non-vital tooth may appear opaque. To complete any pet 
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tooth evaluation dental radiographs are necessary to directly assess whether or 

not there are root fractures or if an apical periodontitis is present (Chamberlain 

and Stiles, 2016). 

Animal tooth fracture can be classified as follow (Chamberlain and Stiles, 

2016): 

• Enamel Fractures:  which are simple crown fractures that involve only the 

enamel, and can be treated by smoothing the enamel with a fine diamond 

bur in a water-cooled, high-speed handpiece. 

 

• Uncomplicated Crown Fractures: which are fractures involving both 

enamel and dentine layers of the tooth, but without pulp exposure. These 

fractures can be treated by using layers of bonded dental sealer and 

composites to protect and restore the tooth. Same as in human teeth, this 

treatment involves smoothing the tooth and creating a bevel in the enamel, 

cleaning the fractured tooth with a paste of pumice, etched, an application 

of bond and then composite filling material over the fractured part to 

restore the tooth and provide protective layer. Sometimes these 

uncomplicated fractures occur at a depth close to the pulp, where pulp 

exposure has occurred and identified by the presence of pink spot in the 

dentin over the area of the pulp chamber. To treat these fractures, direct 

pulp capping by adding an additional protective layer for the pulp may be 

indicated before restoring it with composite restoration as described 

above. Follow-up radiographs are indicated, because even uncomplicated 

crown fractures can cause trauma to the pulp leading it to become necrotic 

and non-vital.  

 

• Complicated Crown Fractures: Which are the fractures that extend into 

the pulp. For treating these types of fractures in pets and animals, if the 

fracture was recent within 24-48 hours in a mature animal, or up to 2 

weeks in a juvenile one (less than 18 months of age), the treatment option 
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could be vital pulp therapy. This involves a partial pulpectomy, directly 

medicating the pulp, and then the tooth can be restored with adhesive 

composite as described above. Sometimes root canal therapy is indicated 

before restoring the fractured tooth to prevent it from becoming infected. 

Either extraction of the tooth which can be quite difficult in some animals, 

or a root canal treatment can be done.  

 

• Crown-Root Fractures: These fractures involve the crown and the root of 

the tooth same as those fractures encountered with the classical “slab-

fracture” of the upper 4th premolar in dogs. In these cases, the normal 

gingival/ periodontal attachment around the tooth is disrupted by the root 

fracture component, which leads to focal, chronic periodontitis problems. 

Therefore, the ongoing periodontal health of the tooth should be 

considered in the management options for the tooth. 

 

• Root Fractures: which are fractures that causes destabilization of the 

tooth with loosening of the crown. These fractures are often discovered 

incidentally on intra-oral radiographs, and in most cases the best treatment 

is removal of both the crown and root segments to prevent any endodontic 

complications. 

 

From the dromedary camel skull collection at the Hunterian museum, 

several cracks were noted in the molar and the anterior teeth. Cracks due 

to dehydration from storage over long periods of time are very frequent in 

museum specimens but some of these tooth fractures are associated with 

periodontal lesions around the tooth and abscess cavities (Fig. 50, 

51,52), and these cracks very probably occurred during life. 

 

Other most commonly observed fractures in camels are the fracture of 

the mandible or the lower jaw. The dromedary camel’s mandible is an 
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elongated bone similar to that of horse and consists of two halves which 

fuse together during the first few months of life. Mandibular fractures are 

common in male camel, and they usually occur as bilateral or very rarely 

unilateral fractures across the first cheek teeth (premolars) in inter-dental 

space cranial or caudal to this point. This part of the bone appears quite 

weak and prone to easy fracture possibly due to the presence of mental 

canal and alveoli. In the rutting season, this type of fractures is most 

commonly seen in male camel who become quite active, vicious and tend 

to bite each other, which lead to abnormal stress on the mandible and 

causes fracture. Mandibular fractures in camels are usually due to camel 

bites are invariably bilateral, compound and transverse in nature. The 

treatment to repair such fractures involves standard interdental wiring 

technique using 1.0 mm diameter stainless steel, silver or copper wire, 

which is a simple, convenient and economical technique. One of the 

complications that may occur postoperatively is that the lateral limbs of 

the wires slip downward in line with the normal slope of the incisive part 

of the mandible, and this most commonly occurs in older individuals as 

the incisor teeth take an outward slope with the advancing age. 

Movement at the fracture site may occur because of this, and it will 

require repeated re-adjustment of the wire  (Siddiqui et al., 2012). 

 

It was reported that fractures in the mandibles of dromedary camels is related to 

the blood concentrations of some macro-minerals particularly magnesium, 

calcium and inorganic phosphate in camels, where these jaw fractures are more 

common in camels with low mineral concentrations compared to their 

concentrations in healthy camels. Blood tests were done on both healthy 

camels and camels with fractured mandibles, and the obtained results revealed 

that the mean values of these macro-minerals concentrations in the blood were 

significantly lower in camels with jaw fracture; calcium (2.85±0.29 mmol/L), 
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magnesium (0.92±0.17 mmol/L) and inorganic phosphate (0.13±0.07 mmol/L) 

compared to respective values in healthy camels (Al-Mujalli, 2012). 

 

In humans, oralfacial trauma is the most frequently seen injury in 

industrialised countries. Usually, this injury can be caused by vehicle 

accident, fall, sporting injury or assault. Mandible fractures account for 

over half of oralfacial injuries, and almost two-thirds of mandible-fracture 

patients sustained multiple fractures of this bone (Lin et al., 2006). The 

most common fracture sites within the mandible are seen in the 

symphysis/parasymphysis area and condyle, whereas, the frequency of 

mandible body fractures is relatively low. It was found that the proportion 

of body fractures (16.7% of total) was lower than those for 

symphysis/parasymphysis (19.7%), condylar and subcondylar (31.8%), 

and angle fractures (21.2%) (Olson et al., 1982). 

 

It was previously considered that the locations of mandible fracture lines 

were associated with the geometrical and anatomical characteristics of 

mandible. However, it is concluded now that in traumatic injuries the 

peak-applied load is not sufficient to predict bony fracture. In the realm of 

traumatic biomechanical analysis, an important bone-tissue property is its 

resonant responses during an accident. When traumatic injuries occur as 

result from impact with a hard object, the impact forces are, in general, of 

short duration and typically give rise to a vibrational response, which 

superimposed on a rigid body motion of the impacted tissue. A high 

relationship was demonstrated between mandible fracture patterns and 

vibrational mode shapes. The mandible body exhibited the lowest 

vibration deformation regardless of the position of the applied impact 

force. In addition, a direct impact to the body area can produce less 
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vibration deformation along the whole mandible compared to impacts at 

other positions (Lin et al., 2006). 

 

4.3.5. Possible Causes of Tooth Wear and Cracked Teeth in Camelus 

Dromedarius  

4.3.5.1. A Comparison of Jaw Movement Between Carnivores and 

Herbivores 

 

Carnivores have a wide mouth opening in relation to their head size, which is 

an advantage in developing the forces used in seizing, killing and dismembering 

prey. They have reduced facial musculature since these muscles would hinder 

a wide gape, and play no part in the animal's preparation of food for swallowing. 

The jaw joint in all mammalian carnivores is a simple hinge joint which lies in 

the same plane as the teeth, and this makes this type of joint extremely stable 

acting as the pivot point by the upper and lower jaws for the "lever arms" 

formed. In carnivores, the temporalis muscle is the primary muscle used for 

operating the jaw, which is massive in size and covering most of the bulk of the 

sides of the head. Whereas the masseter and pterygoids muscles are of minor 

importance in these animals, therefore, the angle of the mandible, to which they 

are attached, is small. No forward movement is available in the lower jaw of 

carnivores, and it has very limited side-to-side motion. During function, the 

blade-shaped cheek molars slide past each other when the jaw of a carnivore 

closes, to give a slicing motion that is very effective for shearing meat off bone.  

The typical carnivore has discretely spaced teeth so as not to trap stringy 

debris, with short pointed and prong-like incisors used for grasping and 

shredding. Whereas, the canines are greatly elongated and dagger-like for 

stabbing, tearing and killing prey. The largest carnivorous molars, called 

carnassials, function like serrated-edged blades, therefore they are flattened 

and triangular with jagged edges. The cheek teeth usually come together in a 

back-to-front fashion when a carnivore closes its jaw, and this is due to the 

hinge-type joint they have. This will give a smooth cutting motion like the blades 
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on a pair of shears.  

 

The typical mammalian carnivore does not chew its food when eating, and its 

saliva does not contain digestive enzymes. Therefore, they do not need to mix 

their food with saliva; they swallow directly after biting off huge chunks of meat, 

because of the danger of damaging the oral cavity if proteolytic enzymes were 

to be released into the mouth.  

  

Herbivores have anatomical features which are consistent with their diet and 

represent a more recently-derived condition to that of the carnivore. They have 

well-developed facial musculature such as fleshy lips, a relatively small opening 

into the oral cavity, and a thickened muscular tongue. During function, the lips 

along with the facial (cheek) musculature and tongue aid in the movement of 

food into the mouth and assist in the chewing of food. Unlike carnivorous 

mammals, the jaw joint of a herbivorous mammal is at a position above the 

plane of the teeth, which makes it a less stable joint than the hinge-type joint of 

the carnivore, but it is much more mobile and allows the complex jaw motions 

needed when chewing plant foods. Also, this type of jaw joint allows a grinding 

platform between the upper and the lower cheek teeth when the mouth is 

closed by allowing the cheek teeth to come together along the length of the jaw 

at once. This type of joint is believed to have evolved at least 15 different times 

in various plant-eating mammalian species, and it is so important to a plant-

eating animal. The masseter and medial pterygoid muscles are the major 

muscles of chewing in plant-eating animals, therefore they are well-developed 

and the angle of the mandible has expanded to provide a broad area of 

attachment for these muscles. The superficial and the deep layers of the 

masseter muscle together constitute to form a cruciate muscle. The temporalis 

muscle is relatively small and of minor importance. The mandible is held in a 

sling-like arrangement by the masseter and medial pterygoid muscles, which 

swing the jaw from side-to-side. Therefore, a pronounced sideways motion the 

lower jaw in plant-eating mammals is detected when eating, which is necessary 
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for the grinding motion of chewing.  

 

The dentition of herbivores varies depending on the kind of vegetation a 

species is adapted to eat. Although the types and numbers of teeth of these 

animals differ, but the various kinds of teeth when present, share common 

structural features. For examples, the incisors are usually broad, flattened and 

spade-like, with the canines, the teeth thought to be used for defense, being 

small as in horses, prominent as in hippos, pigs and some primates or absent 

altogether. The molars of herbivores are generally squared and flattened on top 

to provide a grinding surface, but they cannot vertically slide past one another in 

a shearing/slicing motion, only horizontal slide of these teeth across one 

another is possible to crush and grind. The molars vary in their surface features 

depending on the type of plant material the animal eats. In general, the incisors 

of herbivorous form an efficient cropping/biting mechanism, and an extended 

platform for crushing and grinding is formed by the upper and lower molars (Fig. 

113). A lot of potential space is available by the "walled-in" oral cavity during 

eating.  

 

Herbivorous carefully chew their food, by pushing it back and forth into the 

grinding teeth with the tongue and cheek muscles, which is a necessary 

process to mechanically disrupt plant cell walls. This allows digestible 

intracellular contents to be release and ensure thorough mixing of this material 

with their saliva. Unlike carnivores, the plant-eating mammals have 

carbohydrate-digesting enzymes in their saliva, which begin the breakdown of 

food molecules while the food is still in the mouth. 

 

The dromedary camel is a very hardy animal, but there is a peculiar anatomical 

problem that makes it vulnerable. As was mentioned before that the lower jaw is 

unique in being too long and the space between the anterior and cheek teeth is 

too wide. The first cheek tooth creates a weak point in the lower jawbone. 

During rutting in winter times, the males bite powerfully at hard objects they 
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wouldn't bite usually and as previously mentioned, some animals break their 

lower jaw. This behaviour may also cause fracture in the teeth of the camel 

(Mills, 1996). 

 

4.3.5.2.   Dromedary Camel Diet 

 

Camelus Dromedarius is well adapted to the arid environments in which it is 

usually found. The adaptation features can be seen in that all Camelidae have a 

thin upper lip, split in the middle, and prehensile for selecting and grasping feed. 

They have a hard upper dental pad, and a small tongue which is very active 

and helps in feed selection. Also, their salivary glands are very well developed, 

which allows for the digestion of the feed to start immediately when it enters the 

mouth. The camel’s oesophagus is very large. Other adaptation features of the 

camel to its environment include the size and long legs of the camel, its limited 

use and turnover of water, the high levels of salts in its feed and water with the 

ability to stand it, and the peculiarities in its digestive system and digestive 

processes. The Camelidae are more efficient in digesting dry matter, fibre and 

crude protein than other ruminants and domesticated non-ruminants. The 

reason for this better efficiency is that the stomach of the camel turns its content 

over rapidly and frequently, but it keeps it inside for a long time (Khan et al., 

2003).  

 

All livestock species such as camels, goats, cattle and donkeys, which are the 

free-ranging animals, usually ingest higher numbers of plant species during the 

growing season than during the dry season. The highest number of forage 

species is associated with camels, which results in a more even utilization of 

available vegetation. In comparison, cattle and donkeys use a very limited 

range of forage species, which can lead to overgrazing. Over 80% of the 

feeding time of the cattle is near ground level, therefore the herb layer is mostly 

used. Camels spend less than 5% of their feeding time near ground level and  
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Fig.113: Showing dromedary camel jaw movement with horizontal slide of 

molar teeth across one another in both direction left and right to crush and grind 

food. 

 

 

 

 

 



339 

 

about 70% above ground at heights of over 1.0m. The higher vegetation strata 

preferred by the camel allows continuous access to high quality plant material 

because all plants reaching this height are shrubs, bushes and trees, deep 

rooted plants, which remain green throughout the year even in the dry season 

due to their tapping into the groundwater when the herb layer is dry and highly 

lignified. The camels prefer the dicotyledon group, which are plant species 

reaching the higher strata of the vegetation. 90% of the camel’s intake comes 

from dicotyledon plants, therefore they are referred to as browsers. In 

comparison, cattle feed mostly on the herb layer and on grasses, and they are 

referred to as grazers. The dromedary camel is a concentrate selector in its 

diet, as it selects a diet with a higher quality than the average of what is 

available. Its typical diet consists on average of about 35% of leaves of 

leguminous and other trees and 65% of seeds, pods, flowers and twigs. The 

long neck and legs and grasping upper lip and mobile tongue of the camel give 

its ability to select high quality feed. The camel resembles the giraffe in this 

matter. Camels will graze grasses as well as eat tree fodder if no or little other 

choice is available. They are grazers found in parts of Pakistan, India, in 

eastern Ethiopia, western Somalia, parts of Mauritania and in southern Arabian 

Peninsula. Also, in irrigated areas in Pakistan, where crop agriculture is 

predominant, farmers maintain their camels by feeding them green and dried 

guar and gram bhoosa. The browsing feature in camels is considered an 

advantage in reducing its competition for feed resources with other species. It is 

also advantageous for the camel owners allowing them to keep greater 

numbers of domestic herbivores on a unit area, with less environmental 

degradation. The camel prefers and can select the most nutritious and 

digestible parts of plants with a good quality diet that is high in protein 

throughout the year. However, it can be maintained on a diet with a minimum 

crude protein content of 14% in the dry season. Camels also select a diet with 

the lowest value of cellulose content (Khan et al., 2003).  
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This selective dietary habit of the camel, and its feeding on very thorny species 

of browse, make feeding a lengthy process. The roughness of its diet and the 

duration of chewing could be the most likely cause of excessive tooth wear in 

the dromedary camel teeth in both the deciduous and permanent dentitions. 

 

 

4.3.6. Conclusion 

 

The Hunterian museum at the Royal College of Surgeons England contains 

a small collection of dromedary camel skulls originated from Egypt and 

Somaliland, with primary and deciduous teeth. From examining this 

collection, it was noted that permanent teeth of this species are quite similar 

in proportion to those of the primary dentition. Sexual dimorphism is marked 

in the permanent maxillary canines. Excessive tooth wear is present in both 

the primary and the permanent dentitions, which is almost certainly related to 

the diet and jaw movements. 
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4.4. HUNTER-SCHREGER BANDS  

 

 

4.4.1. Introduction 

 

Hunter-Schreger Bands (HSBs) are an optical phenomenon related to the 

changes in the directions of enamel prisms as they pass through the body of 

enamel from the ADJ to the EES. When teeth are sectioned or fractured along 

their longitudinal axis and examined under reflected light, a pattern of 

alternating light and dark bands can be seen (Hunter, 1778; Schreger, 1800; 

Osborn, 1965). 

 

In longitudinal sections of human enamel, HSBs usually appear as thin, 

unbranched features and, depending on the region of enamel under inspection, 

may appear in a straight or curved configuration (Osborn, 1966; Berkovitz et al., 

2009). However, three-dimensional representations demonstrate the branched 

nature of human HSB patterns (O’Connell and O’Sullivan, 1986).  

 

HSB patterns are an important factor in the development and progress of 

certain clinical conditions which affect enamel, including tooth wear, the 

resistance of enamel to fracture, cracked tooth syndrome, enamel bonding, 

abfraction, and vital tooth bleaching (Lynch, 2007a).  

 

Studies of mammalian enamel microstructure have indicated a likely over-riding 

evolutionary control in the development of HSB patterns in response to the 

biomechanical demands (von Koenigswald, 1980; Steffen, 1997).  In contrast to 

the investigations of HSB packing density and distributions in human, there is a 

paucity of similar information relating to the dromedary camel’s dentition. No 

previous investigations were done to comprehensively describe HSB patterns, 

or to quantify their distribution in camel teeth. Therefore, this study was 

undertaken and the results will be compared with HSB patterns in human teeth.  
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4.4.2. The demonstration and appearance of HSBs in Camelus 

Dromedarius 

 

Tooth enamel is the hardest and most resistant material mammalian body can 

produce. It has shiny appearance, and its functional quality is determined by its 

internal structure and the hardness of the material. A crack-stopping 

mechanism is produced by the decussating layers of prisms (Pfretzschner, 

1988). The internal structure of enamel is genetically controlled because the 

tooth is formed in a crypt where nonmechanical forces are active, but at the 

same time these structures are of functional significance. Considerable 

variation in enamel occurs and provides evidence of divergent evolution in 

particular groups of mammals, such as perissodactyls. High magnification is 

required to visualise most of the internal structures in the enamel, but HSBs are 

quite visible under low magnification as light and dark bands (von Koenigswald 

et al., 2011), and HSBs occur in the enamel of most large mammals (von 

Koenigswald et al., 1987).   

 

Several studies have been done before on perissodactyls (odd-toed mammals) 

and it was found that there is wide variation in the configuration of HSBs in 

these mammals compared with those of other mammalian orders, but there is a 

general consistency within the clades of perissodactyl. For example, it was 

found that in rhinoceroses the HSBs are oriented more vertically (Rensberger 

and von Koenigswald, 1980; Fortelius, 1985; Boyde and Fortelius, 1986), and in 

chalicotheres and brontotheres the HSB configuration was described as 

U−shaped (von Koenigswald et al., 2011). In the last mentioned study the 

authors examined the diversity and evolution of HSB configuration in the 

enamel of perissodactyl mammals, and showed that different configurations 

occur in different perissodactyl clades. Also, they examined the phylogenetic 

significance and the functional value of the reoriented HSBs. They focused on 

cheek teeth (molars and premolars), but wherever possible also examined the 

anterior teeth (incisors and canines).  
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The appearance of HSBs is due to a visual phenomenon caused by the optical 

properties of the crystallites within the prisms. When the crystallites are packed 

in prisms it appears magnified, but this effect would hardly be visible in single 

crystallites, and it is strongly increased when the prisms are oriented in parallel. 

Therefore, when the light direction coincides with the long axis of the prisms it 

will disappear in the depth of the enamel and the dark band of HSBs appear, 

whereas, when the light hit the surface of the prism at perpendicular angle, it 

reflects and the prisms appear bright. HSB is formed by enamel prisms layers 

which decussate at a high angle about 90˚ with the prisms of the adjacent layer. 

This layer of decussating prisms has a general biomechanical function as 

crack−stopping mechanism, similar to the structure of plywood. HSBs thickness 

varies depending on the number of prisms per band. For example, a HSB is 

one prism thick in rodent incisors, but it reaches 6 to 15 prisms in thickness in 

most mammals, tending to be thickest in larger mammals. In the vertical HSBs 

of Coelodonta antiquitatis 11 to 13 prisms per band were counted. The optical 

effect—the light and dark banding—is most obvious when the angle between 

prisms of adjacent bands is large and when the bands are thick and can be 

observed under low magnification. The narrow transitional zone of turning 

prisms between two bands becomes visible with the proper illumination with a 

thin reflecting line between the vertical bands. Differential wear can result due 

to the different prism orientation in HSB causing a cross-ridges in the occlusal 

surface of the enamel band, which are more obvious in vertical HSBs like those 

of rhinocerotids. However, these cross-ridges are not restricted to vertical 

HSBs, but they can occur at areas of intersection of any HSBs with the occlusal 

surfaces. Even transverse HSBs may create cross−ridges on oblique portions 

of the enamel band (von Koenigswald et al., 2011).  

 

Previous studies were done on the teeth of fossil and extant Perissodactyla, 

and it showed that four different HSBs configurations could be present, which 

exceeds the variability of HSBs observed in Artiodactyla or Proboscidea. These 

are the transverse HSB, the curved HSB, the compound HSB, and the vertical 
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HSB. Two different evolutionary pathways are represented by the four HSB 

configurations. The most primitive HSB configuration is the transverse HSB, 

which is found in many mammalian taxa outside the Perissodactyla. Therefore, 

beside its occurrence in several primitive perissodactyl families, it is also 

retained in Palaeotheriidae and extant Equidae. Curved HSBs occur in 

Tapiridae, Helaletidae, and Lophiodontidae, as well as in Ancylopoda and 

Titanotheriomorpha, and it evolved from transverse HSB. These findings 

indicate an independent evolution of curved HSBs in two or more lineages, but 

the parallelism of this configuration is uncertain in the relationships among 

these taxa due to a lack of data for some taxa. The evolution from transverse 

HSBs via compound HSBs to vertical HSBs is a second evolutionary pathway. 

In Hyrachyidae, Deperetellidae, and the early rhinocerotid Uintaceras, 

compound HSBs were demonstrated while vertical HSB configurations were 

found in the molar teeth of other Rhinocerotidae, Hyracodontidae, 

Indricotheriidae, and Amynodontidae. Traces of compound HSBs were often 

retained in the incisors of rhinocerotids. Therefore, phylogenetic relationships 

are reflected by the HSB configuration to some degree (von Koenigswald et al., 

2011). 

 

Dromedary camels are classified as Artiodactyls, or even-toed mammals. It was 

demonstrated before that HSBs appear in three different patterns in the non-

human mammalian dentitions, which are the undulating, acute angled, and zig-

zag (Steffen, 1997) (Fig.12). Whereas in human dentition, either a straight or 

curved orientation of HSBs is detected and it appears as unbranched or 

branched bands (Osborn, 1965; O’Connell and O’Sullivan, 1986; Berkovitz et 

al., 2009). The HSBs patterns in the non-human mammalian dentitions are 

thought to have arisen primarily because of dietary and biomechanical 

demands (von Koenigswald and Sander, 1997d; Steffen, 1997). This concept 

will be discussed further later in this chapter. 
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In this study, it was demonstrated that HSBs appear as transverse or curved 

bands in the anterior teeth of dromedary camels when sectioned longitudinally 

and viewed under the microscope with the aid of fibre-optic light (Fig. 80-89).  

The transverse HSBs are generally parallel to the occlusal surface and the base 

of the enamel crown. Minor differentiations of HSBs may occur, but most of the 

time they remain transverse. The HSBs may intersect the enamel at the worn 

occlusal surface when it has been cut obliquely through the enamel.  

This shows that the appearance of HSBs in dromedary camels is similar to 

HSBs in human teeth. 

 

 

4.4.3. Mechanical adaptations in mammalian enamel 

 

4.4.3.1. The functional demands on enamel 

The morphology and microstructure of mammalian enamel varies largely, due 

to evolutionary processes (von Koenigswald and Sander, 1997d). Mammalian 

teeth resist fracture during function in order to retain their shape the same as 

other components of the vertebrate skeleton, but several functional challenges 

are placed on the teeth in comparison with bone (Rensberger, 1997).  

 

• Significant stress is applied on small areas of the tooth, such as on the 

occlusal surfaces, cusp tips and incisal edges, during function of efficient 

incising and mastication.  

 

• Tooth surface loss or tooth wear can result from frequent direct contact 

of teeth with opposing teeth or external objects introduced into the oral 

cavity.  

 

• Tooth enamel does not repair by itself once fractured or worn down, 

unlike bone.  
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To withstand the significant biomechanical demand placed on teeth, various 

features and properties have developed in the teeth and covering enamel by 

evolution. Mammalian teeth must have the following properties for such 

purpose: 

 

• Rigidity to withstand high occlusal load and for deformation resistance; 

 

• High density for abrasion resistance; 

 

• Microstructural adaptations for fracture resistance. 

 

 

4.4.3.2. Deformation resistance of enamel during occlusal function 

 

97% of enamel weight is mineral content, which is higher than that of the 

dentine (69%) or bone (67%). This gives the enamel a high density and 

stiffness to withstand the large forces generated within the muscles of 

mastication during function, which are loaded on small areas on the occlusal 

and incisal surfaces of the teeth. Therefore, high stresses are allowed to be 

transmitted to the tissues of the animal’s food as an efficient aid to nutrition, by 

this biomechanical system, which at the same time it generates considerable 

forces on the teeth (Rensberger, 1997).     

 

 

4.4.3.3. Increased resistance of enamel surfaces to abrasive forces 

 

The prism direction of enamel strongly influences the behavior of enamel in 

response to tooth abrasion, which is anisotropic behavior in nature as it was 

shown from the investigations of Osborn earlier (Osborn, 1965; Osborn, 1973). 

The appearance of HSBs when interpreted on microradiographs has caused 

some confusion because of this (Hollander et al., 1935; Osborn, 1965). Osborn 
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showed that abrasion occurs more in the enamel prisms which run parallel to 

the external enamel surface than those that intercepted it at oblique, or even 

right angles, but the magnitude of this effect was not determined (Osborn, 

1965). In rhinoceroses, it was found that when a large number of enamel prisms 

intercept an abrading surface obliquely the rate of enamel wear is only about 

35% of the rate when most of the prisms are parallel to the surface (Rensberger 

and von Koenigswald, 1980).This was confirmed later by Boyde and Fortelius 

(1986) who showed that direction of the prism axes with respect to the occlusal 

or the chewing surface is the most important factor in abrasion resistance of 

enamel. The greatest resistance to abrasive forces was in the enamel prisms 

which were perpendicular to the chewing surface (Boyde and Fortelius, 1986). 

Localised regions of preferential wear of the occlusal surface especially in the 

posterior teeth in rhinoceros, was facilitated by the orientation of the enamel 

decussations, and this wear patterns created serrated occlusal surfaces which 

helps the animals in mastication and better nutrition (Boyde, 1997). Most HSBs 

found in the anterior teeth of dromedary camel tooth enamel were transverse in 

orientation, which is perpendicular to the occlusal forces during function (Figs. 

80-89). 

 

It was found in several studies that the enamel prism direction in various animal 

groups is asymmetrical with respect to the long axis of the tooth. The orientation 

of these prisms is usually parallel with the direction of the abrasive force applied 

on individual tooth surfaces (Rensberger, 1997). Diverse animal species were 

included in these studies ranging from rhinoceroses (Rensberger and von 

Koenigswald, 1980), koalas (Young et al., 1987), and opossum (Stern et al., 

1989). It was concluded from the last two studies that the enamel prism 

orientation is adapted to reduce and resist abrasion and occlusal forces during 

function. An evolutionary influence is detected here by the determination of 

orientation and pattern of decussation of enamel prisms in these various 

dissimilar animal species.   
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In this study, it was found that the packing density of HSBs changes in different 

parts of camel teeth, this makes the enamel more resistant to abrasive forces in 

the areas of increased HSBs packing densities. This is an adaptive feature of 

tooth enamel to occlusal forces during mastication. For example, when 

comparing the mean packing density of HSBs in different segment of all tooth 

groups, it showed that in the buccolingual plane slightly greater HSB packing 

density was present in the incisal quarter on the labial side than on the palatal 

on lingual side for all mandibular and maxillary anterior teeth (Figs. 62-66). This 

is because the labial surface of the anterior teeth in where most shearing forces 

are applied on the teeth during function. In the mesiodistal plane, there was 

absence of HSBs in the incisal edges of all mandibular incisors, which is the 

same as human incisors. Also, in maxillary canines all segments were found 

significantly different to each other in the mean HSB packing density except the 

cervical quarter in comparison to the upper middle quarter (Table 28).   

When mean HSB packing densities were compared in each tooth segments in 

all teeth groups, it was found that the highest mean HSB packing densities 

observed were in the lower middle quarters (p<0.05) (Tables 13,19,28-32).  

 

The diversity of HSB packing densities and the selective value of the modified 

HSB configurations is interpreted functionally as a mechanism to reduce 

abrasion during mastication, assuming that the perpendicular intersection of 

prisms with the actual grinding surfaces resists wear better than prisms running 

parallel to the occlusal surface (von Koenigswald et al., 2011). 

 

 

4.4.3.4. Fracture resistance of enamel 

 

The high mineral content of enamel will aid in preventing its deformation during 

occlusal function, but at the same time will increase its brittleness and make it 

highly susceptible to fracture. In this study, it was found that the camel teeth 
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were much easier to cut than human teeth, which could be because all teeth 

sectioned were primary teeth with less enamel mineral content. This can be 

confirmed in future studies on permanent teeth of dromedary camels, and 

comparing the fracture resistance in both primary and permanent dentitions. 

The implications of this observation for camel teeth are that it provides an 

explanation for the excessive tooth wear seen in these teeth, and the number of 

fractured teeth observed (Figs. 49-55), particularly in relation to their coarse 

diet. Also, is a noteworthy difference between human and dromedary camel 

teeth. 

 

The minimum work load required to fracture enamel in its weakest direction, 

which is parallel to the prism direction, was calculated to be 13 Jm-2 

(Rasmussen et al., 1976). With the confounding effect of prism decussation this 

value may actually be less (Rensberger, 1997). In comparison to dentine, the 

minimum work value to fracture dentine in its weakest direction; parallel to the 

tubule direction, is 270Jm-2, which is a considerable difference (Rasmussen et 

al., 1976). In addition to the weakness within enamel, which is due to high 

mineral content, it is not capable of repairing itself when fractured or damaged, 

unlike bone.  Therefore, for an animal to survive and to adapt with increased 

incidences of tooth fracture and consequent diminished masticatory abilities, 

protective evolutionary mechanisms may occur. These may be reflected in the 

presence of diversity in HSB mean packing densities throughout the enamel 

(Tables 20-33), and it is possible that the relative softness of camel teeth 

represents an evolutionary adaptation to reduce the tendency of these teeth to 

fracture. 

 

These protective evolutionary mechanisms can also include rapid tooth 

replacement in some animal species, and prevention of the progression of 

enamel fracture by the modification of tooth morphology as well as the internal 

structure of their enamel, which would allow these animals to survive in contrast 

to those animal species not capable of such refinements.  Studies of the 
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microstructure of enamel in a wide range of animals showed that an evolution in 

their organisational structure has occurred to reduce enamel fracture caused by 

catastrophic forces. One of the evolutionary mechanisms in these animals is the 

presence of enamel decussation patterns. It is known that the enamel most 

vulnerable to fracture planes are those that can run parallel to the enamel 

prisms, along the prism sheath or inter-prismatic material, and at small areas on 

the occlusal and incisal surfaces of teeth where the concentration of 

masticatory forces is significant.  In order to prevent the initiation or progression 

of fractures in these areas, the phenomenon of enamel decussation has 

evolved (Rensberger, 1997). Enamel decussation involves the bending of 

individual prisms or groups of prisms as they travel from the ADJ to the EES. 

This may occur in the horizontal or vertical planes, or both. The HSBs are a 

manifestation of these decussations in sectioned or fractured specimens. The 

presence of enamel prism decussation will reduce the risk of great fracture or 

failure of the tissue. With the complex path that is traced by the prisms or group 

of prisms, no individual prism would be parallel to the direction of the incipient 

fracture plane. This is an important modification of the enamel microstructure, 

which is incapable of auto-repair, and it is a beneficial feature for the long-term 

survival of the individual and the species.  

 

Crack formation and fracture plane propagation through enamel is limited by 

prism decussation and because variation occurs in the orientation of 

decussating prisms repeatedly throughout enamel, prisms will be protected at 

their most vulnerable area where they are parallel to the direction of the fracture 

plane. In addition, the benefit of decussation is the dissemination, diversion, or 

expansion of the crack tip. Behaviour of fracture planes in brittle materials can 

be described by complex mathematical formulas, but simply, considering the 

behaviour of the crack tip of the advancing fracture plane is equally sufficient 

(Gordon, 1978). Fractures will progress more rapidly with catastrophic effects 

when the crack tip is small and more precise (Griffith, 1921; Tetelman and 

McEvily, 1967). Reduction of the likelihood of crack propagation will happen by 
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diverting the direction of the fracture plane or widening the diameter of the crack 

tip material (Pfretzschner, 1988; Rensberger, 1997). The effect of prism 

decussation on enamel fracture is best described by considering the example of 

laminated glass in car windscreens. There are two curved sheets of glass in the 

windscreen, separated by very thin layer of plastic. A fracture plane within the 

external glass sheet can occur with an external impact. This fracture can 

propagate laterally without propagating to the inner curved glass sheet layer, 

because once the crack tip reaches the intermediate plastic layer, it will widen 

causing the fracture plane to stop. At the same time, when an enamel fracture 

plane reaches a decussating plane of prisms, the later causes diversion of the 

fracture from its original path, and widening of the crack tip, or disseminating it 

into several radiating crack lines. Therefore, the fracture plane will be effectively 

arrested (Lynch, 2007a).    

 

 

4.4.4. Functional interpretation of HSB configurations found in 

Camelus Dromedarius 

 

HSBs are an optical phenomenon, but they reflect the arrangement of enamel 

prisms to reduce cracking and abrasion under functional loading and so they 

are important indication of the biomechanical properties of enamel. Enamel 

prisms change direction as they pass from the ADJ to the EES, and in so doing 

they pass through a number of HSBs, but the sections of the prisms share the 

same direction within a band. The functional interpretation of HSBs explained 

here is based on the arrangement of all structural units of HSBs, in which the 

prisms are oriented parallel to each other, rather than on each individual prism. 

It is obvious that the functionality of enamel is reduced by cracking and 

abrasion, and HSBs play an effective role as a crack−stopping mechanism in 

enamel (Fortelius, 1985; Pfretzschner, 1988). 
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It was reported that HSBs occur in most placental mammals with heavy body 

weight with an adult body size exceeding 1–2 kg (von Koenigswald et al., 

1987). However, HSBs do occur among insectivores as well, but only in the 

largest erinaceids, and they are lacking in some early primates. This, together 

with HSB distribution in the fossil record, demonstrates that HSBs evolved in 

various placental lineages independently and are common in larger mammals. 

However, there is no strict relationship between body size and the occurrence 

of HSB. While they are less likely to be found in small mammals, they do occur 

in rodents, which are a prominent exception; The incisors of these mammals 

have prominent HSBs. Also, HSBs are lacking in a very few large placental 

mammals, and they are very common in perissodactyls, although they may be 

developed only weakly in the small Hyracotherium (von Koenigswald et al., 

2011). 

 

When prisms intersect the occlusal surface at an almost right angle, the tooth 

enamel becomes more resistant to abrasion, whereas enamel is abraded more 

easily when the long axes of the prisms are parallel to the occlusal surface 

(Osborn, 1965; Rensberger and von Koenigswald, 1980; Boyde, 1984).  HSBs 

in the enamel of the anterior teeth in dromedary camels illustrates an 

impressive example of this correlation. It was noted in the occlusal surface of all 

the incisor teeth the enamel is abraded with no HSBs, whereas at the edges of 

the occlusal surface there had curved and radiating HSBs with steeply rising 

prisms that intersect the occlusal surface almost at a right angle. There are 

transverse HSBs on the other surfaces with the prisms oriented almost parallel 

to the occlusal surface. This finding was noted before in the euhypsodont or 

high crowned molars of the rodent Pedetes, where in their occlusal surface the 

cross−section of the enamel band is exposed around the dentine core, and 

there is radial enamel in the inner layer with transverse HSBs in the outer layer. 

In these mammals, it was found that the inner layer of enamel is less abraded 

than the outer layer in most naturally worn teeth (von Koenigswald and 

Clemens, 1992; von Koenigswald et al., 2011). 
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It was described in Chapter 1 that four different configurations of HSBs 

configurations exist in perissodactyls, which are the transverse, curved, 

compound, and vertical. Among these various configurations, the transverse 

type of HSBs was noted to be the most common one to occur in most placental 

lineages (von Koenigswald et al., 2011). Here is the functional explanation of 

the various HSBs configurations: 

 

The transverse configuration: 

The basic functional effect of the transverse orientation of HSBs is acting as a 

crack−stopping mechanism in teeth covered with an enamel cap when being 

loaded from the occlusal surface during mastication (Pfretzschner, 1988; von 

Koenigswald et al., 2011). The transverse HSB with their layers of decussating 

prisms have the optimal orientation to withstand the tension from the vertical 

load which causes tensile stresses in a horizontal plane.  

 

Curved HSB configuration.  

This type of HSBs configuration is found in tapirs, lophiodontids, chalicotheres, 

and brontotheres. The main functional shearing blades is where these curved 

HSBs are conspicuously developed. In brontotheres, the curved HSB evolved 

to the U−shaped pattern. The functional significance of these curved HSB is 

reducing abrasion by bringing large number of prisms in a steep angle to the 

shearing blade, allowing the lophs to function for a longer time (von 

Koenigswald et al., 2011). In the present study, it has been noted that this type 

of HSB configuration is found at the incisal tips of the canines and incisal 

marginal slops of the incisors in Camelus dromedarius.  

 

Compound HSB configuration.   

There are two layers in the compound HSB configuration, which are an inner 

layer with transverse HSBs and an outer layer of vertical HSBs. This HSB 

configuration was noted to be particularly common in the cheek teeth of early 
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Hyrachyidae, Deperetellidae, and Uintaceras. It appears to have evolved from 

the transverse configuration. The main functional advantage of the compound 

HSBs is to form an additional protection against cracks provided by the two 

layers, and reduction of abrasion by having the prisms of either the inner or the 

outer layer oriented nearly perpendicular to horizontal or strongly inclined 

shearing blades. An adequate layer of prisms is offered by the compound HSB 

configuration either in the inner or the outer layer, and the layer with less 

number of prisms tends to be the one reduced more under load. The compound 

HSB configuration occurs sporadically in various perissodactyls, and some 

traces of this type were found in areas of thick enamel in the canine of 

Hyracotherium and as a minor component of enamel structure in Lophiodon 

rhinoceroses. Also, some carnivores were found to have a comparable 

compound HSB configurations (Steffen, 1997; von Koenigswald et al., 2011). 

Sometimes, especially in robust, cone−shaped premolars, the prisms of 

transverse HSBs undulate only slightly at the ADJ. As they move away from the 

ADJ, the undulations increase to form a “zig−zag HSB”, which gives rise to 

vertical sets of prisms forming vertical HSBs. This type of HSB configuration 

allows the enamel to withstand high pressure during bone−cracking, and 

comparable structures have also been observed in some herbivorous, such as 

the Eocene pantodont Coryphodon (von Koenigswald and Rose, 2005). 

This type of HSB configuration was not detected in the anterior teeth of 

dromedary camels, however it may be detected in the cheek teeth when 

examined in a future study. 

 

Vertical HSB configuration.  

The vertical HSB configuration is usually present in the cheek teeth of the 

Rhinocerotidae, where the shearing blades are mostly parallel to the occlusal 

plane. A great number of prisms intersect the occlusal surface at high angles 

because of the vertical arrangement of the HSBs, which makes this 

arrangement of prisms well adapted for reducing abrasion.  This becomes more 

noticeable by the differential tooth wear detected between these vertical bands 
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and adjacent bands with small angle difference. The characteristic cross−ridges 

in the cross− section of the enamel band is formed by these vertical HSB 

configuration (Rensberger and von Koenigswald, 1980; von Koenigswald et al., 

2011). Fortelius (1985) argued that it is not necessary to have a decussation of 

the prisms between the bands in the HSB pattern, which is an inherited 

structure, in order to increase wear resistance, because a radial arrangement of 

enamel prisms would have been appropriate for this purpose also. Much more 

effective direction than prisms in transverse HSB have been brought by the 

bend of the HSBs. Vertical HSBs are also found in a few other non−related 

mammalian taxa, such as Astra potherium, Carodnia, and Pyrotherium 

(Fortelius, 1985; von Koenigswald et al., 2011). The vertical HSB configuration 

has the functional advantage of reducing abrasion by an optimum prism 

orientation perpendicular to the occlusal surface, the same arrangement as is 

found in rhinocerotoid cheek teeth. They were also detected in the incisors of 

some rodents (von Koenigswald et al., 2011). 

 

 

4.4.5.  Conclusion 

The appearance of HSBs in Dromedary camels is similar to that in the human 

dentition, where either a straight (transverse) or curved orientation of HSBs is 

found, and it appears as both unbranched or branched bands when assessed in 

three dimensions. The HSB patterns in the mammalian dentition are thought to 

have arisen because of dietary and biomechanical demands, and they function 

to reduce stress and abrasion in tooth enamel. 
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4.5. HSB FUNCTION: CLINICAL SIGNIFICANCE AND CLINICAL    

   CONSIDERATIONS 

 

 

4.5.1. Introduction 

 

The development of HSB patterns is controlled by an over-riding evolutionary 

process in response to the biomechanical demands. This was demonstrated by 

several studies on mammalian enamel microstructure (von Koenigswald, 1980; 

Steffen, 1997; von Koenigswald et al., 2011).  In addition to the investigations of 

HSBs in non-human teeth, a study was done by Lynch (2007a) on the HSB 

patterns in human teeth, investigating their packing density and distributions, 

which showed that the appearance and distribution of HSB patterns varies 

considerably within individual teeth and the whole dentition. No investigations 

have comprehensively described the HSB patterns or quantified their 

distribution in the dentition of Camelus dromedarius, until the present study was 

undertaken. The findings suggest that, like in human teeth, there is 

considerable variation in the distribution of HSBs within the anterior teeth of 

these mammals. 

Consideration of the clinical implications of HSB patterns will be discussed in 

this section. These clinical phenomena include: 

• Tooth wear/ tooth surface loss; 

• The fracture resistance of human enamel; 

• Cracked tooth syndrome; 

• Enamel bonding; 

• Abfraction; 

• Vital tooth bleaching; 

• Personal identification. 
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4.5.2. HSBs and tooth surface loss 

 

Tooth surface loss (TSL) is a pathological, non-carious loss of tooth tissue, also 

called tooth wear. It is a process by which surface regions of affected teeth are 

damaged and lost. It is an increasing problem in modern society, affecting all 

age groups with young individuals especially at risk as a result of changing 

lifestyles and social pressures which increased the prominence of some 

aetiological factors (Kelleher and Bishop, 1999). The non-carious tooth loss is 

considered a normal physiological process occurring throughout life, but if the 

rate of loss is likely to prejudice the survival of the teeth, or causing concern to 

the patient, then it may be considered pathological. Usually, physiological wear 

causes vertical loss of enamel in a normal individual around 0.02–0.04 mm a 

year, but when it becomes excessive and causes esthetic concerns and 

symptoms of discomfort to the patient, it becomes pathological tooth surface 

loss and becomes a challenge for a restorative dentist (Hanif et al., 2015). 

There are several etiological factors involved in TSL, and are commonly-used 

terms to describe the aetiological processes including, ‘attrition’, ‘abrasion’, and 

‘erosion’. More recently, a fourth type of TSL, called ‘abfraction’, has been 

described (Grippo, 1991; Rees, 2006). These clinical entities will be discussed 

below. 

 

4.5.2.1. Classification and etiology of tooth surface loss  

 

Attrition: is pathological wear of tooth substance or a restoration resulting from 

tooth to tooth contact, either by contact between opposing occluding or adjacent 

proximal surfaces. Parafunctional habits such as bruxism is commonly identified 

as the cause of this condition. On intra-oral examination, the maxillary and 

opposing mandibular attritional wear facets can be matched together (Fig. 114). 
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Abrasion: is the tooth wear caused via mechanical processes by factors other 

than tooth contact. These lesions usually occur on accessible non-occluding 

surfaces. A common cause is the over-vigorous use of a toothbrush, or the 

consumption of abrasive and fibrous diets, which can also be a major 

contributing factor in some societies (Fig. 115) (O’Sullivan et al., 1987b). Also 

the inappropriate use of certain restorative materials, such as unglazed 

porcelain, can cause abrasion. It was shown that high hardness exhibited by 

dental ceramics to be associated with the greater abrasive effects over natural 

teeth. For example, zirconia has high surface hardness and further wear was 

expected from it, but it was shown that restorations involving zirconia causes 

less wear of opposing natural teeth as compared to conventional feldspathic 

dental porcelain (Hanif et al., 2015). Occasionally, tooth wear lesions can be 

detected in the cervical regions of buccal surfaces and are confused with 

abfraction lesions, which are a distinct entity and will be described below. 

 

Erosion: is the loss of dental hard tissues by non-bacteriogenic acid involving 

chemical processes, i.e., acids not produced by cariogenic bacteria. The source 

of erosive acidic agents may either be intrinsic, mainly those associated with 

regurgitation from the stomach, or extrinsic from dietary intake of fruit, 

vegetables and acidic drinks. Erosion usually causes dissolution of minerals 

underneath the tooth surface along with the removal and softening of the 

surface. The process of erosion and its effects on the dentition tend to be 

greatly under-estimated when considering the acidic content of many dietary 

components. Demineralisation occurs in repeated cycles due to diminished pH, 

which leads to dissolution of the mineral content in the superficial layer of 

enamel. This will expose the delicate organic matrix of enamel which is easily 

damaged, resulting in the loss of enamel tissue and consequent changes in 

tooth architecture. When the enamel is lost, the dentine is exposed and this 

tissue is more susceptible to the deleterious effects of reduced pH, leading to 

rapid erosion of the dentine. (Fig. 116). 
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Abfraction: These lesions are usually located subgingivally, or at the cervical 

region of teeth, where the influence of tooth brushing abrasion is unusual; and 

hence, are hypothesized to be the result of eccentrically applied occlusal 

stresses leading to tooth flexure, rather than to be the result of abrasion alone. 

They are angular, wedge-shaped defects and are thought to occur by 

mechanical overloading of cervical enamel regions initiated by cuspal flexure, 

accompanied by the presence of a decreased pH in oral fluids (‘stress 

corrosion’) (Rees, 2006) (Fig. 117). The process of abfraction will be discussed 

in more detail later in this section as it is considered to be distinct from the 

processes of attrition, abrasion, and erosion.  

 

4.5.2.2. Epidemiology of TSL: 

 

There is an increase in the prevalence of tooth surface loss in the general 

population. This increase is a natural consequence of the change lifestyle and 

the retention of adult dentition into later age than previously occurred (Kelleher 

and Bishop, 1999; Smith and Knight, 1984; Watson and Tulloch, 1985). The 

increase in tooth wear was observed with age particularly at the occlusal and 

incisal surfaces of teeth. Epidemiological studies of young adults showed that 

the prevalence of tooth wear ranged from 6 to 45%, whereas in older 

individuals, the severity of tooth wear have been shown to be consistent (Hanif 

et al., 2015). In prevalence of tooth wear of young adults study which was done 

in the United Kingdom study, it was reported that a mean proportions of teeth 

with some moderate wear increased from a few percent to 9% individuals over 

65 years of age. Whereas in older age group, 2% of teeth exhibited severe 

wear. Another population study in a northern Swedish country area reported 

advanced wear of maxillary anterior teeth in 14% of 35-year old and 36% of 

wear in 65-year-old. 41% of individuals showed dentinal exposure in a 717 

randomly selected Swedens of age 20 to 80 years (Hanif et al., 2015; 

Meshramkar et al., 2012).  
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Fig.114 Tooth surface loss: Attrition 

This picture shows mild attrition in upper and lower anterior teeth, where tooth 

surface loss is detected in the incisal edges of all incisors and canines with 

some chipping in tooth enamel. The patient has a parafunctional habits 

(bruxism). Wear facets can be seen, and they can be matched together with 

opposing teeth. 

 

 

 

 

 

 

 

 

 

 

 

Fig.115 Tooth surface loss: Abrasion 

This picture of a patient using a hard tooth brush with abrasive toothpaste, 

which caused toothbrush abrasion at the cervical region of several teeth 

including the upper left canine, and the lower right 1st premolar 
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Fig.116 Tooth surface loss: Erosion 

This picture shows extensive tooth surface loss on maxillary upper anterior 

teeth due to erosion from intrinsic acidity. The patient was a 45-year-old female 

suffering from gastritis and acid reflux, which affected the palatal surfaces on 

her maxillary incisors and canines causing pulpal exposure in some teeth. 

 

 

 

 

 

 

 

 

 

 

 

Fig.117 Tooth surface loss: Abfraction. This picture of a 70-year-old female 

shows extensive tooth surface loss on all her teeth caused by combination of 

attrition, abrasion and erosion. Abfraction lesions can be seen on upper left 

lateral incisor and all the lower anterior teeth. 
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The UK Adult Dental Health Survey (ADHS) which was carried out for the first 

time in 1998 revealed that 66% of adults examined had evidence of TSL 

affecting anterior teeth, which extended into dentine (Kelly et al., 2000). The 

most recent measurement of tooth wear carried out by ADHS using the same 

coding criteria previously used was presented in the 2009 survey. Wear was 

recorded for the three surfaces of the six upper anterior teeth, buccal (outer 

surface), palatal (inner surface) and incisal (cutting edge). The worst affected 

surface of each of the six lower anterior teeth was also recorded.  

The prevalence of tooth wear extending into dentine was higher, with 77% of 

dentate adults showing tooth wear in their anterior teeth. This shows a 17% 

increase from previous survey in 1998. Overall, 15% showed moderate wear 

and 2% severe wear. The prevalence of any wear and the two specific levels of 

severity increased with age; for example, 52% of adults aged 16 to 24 had any 

wear compared with 95% of 75 to 84 year olds. In addition, 4% of adults aged 

16 to 24 had moderate wear, whereas 44% per cent of 75 to 84 year olds 

showed moderate wear; less than 0.5% per cent of the youngest adults had 

severe wear compared with 6% of adults aged 75 to 84 having severe wear. 

The surveys also showed that men had a higher prevalence of wear than 

women; 82% of men had any wear and 19% moderate wear compared with 

73% and 11% per cent respectively for women; men also had significantly more 

severe wear than women (White et al., 2011) 

 

In addition, erosion of natural tooth substance is becoming very common in 

younger patients (Smith et al., 1997). The UK National Surveys of Child Dental 

Health (CDH), which provide a 10-yearly summary of the condition of children’s 

teeth in the UK, reported that 27% of 15-year-olds had evidence of erosion on 

the palatal surfaces of their maxillary central incisors in 1993 which increased to 

33% in 2003 survey (Chadwick et al., 2006). The most recent survey in 2013 

reported that 33% of 5-year-olds in all counties had evidence of TSL on one or 

more of the buccal surfaces of the primary upper incisors, and only 4% overall 

had TSL involving dentine or pulp. TSL of the lingual surfaces including erosion 



363 

 

was more common, with 57% of 5-year-olds in all countries being affected, and 

16% TSL of lingual surfaces progressing to dentine or pulp was present. In 

addition, TSL on permanent incisors was more common on lingual surfaces 

than buccal surfaces, with 38% of children being so affected (Pitts et al., 2015). 

 

 

4.5.2.3.  Prevention and management of TSL: 

 

The initial management of tooth surface loss depends on accurate diagnosis of 

the condition, the identification of the cause and frequent monitoring of the 

successive changes to be able to prevent further damage. Treatment planning 

becomes very challenging sometimes, and it is essential that accurate analysis 

of the tooth surface loss is made at an early stage and carry out satisfactory 

preventive measures. These measures can be accurately initiated by 

understanding the risk factors properly. 

 

The degree of tooth wear is influenced by the interrelationship of the four 

modes of tooth surface loss together with the individual susceptibility. The first 

step in the management of TSL is recognising of the multifactorial nature of the 

condition, as failure to appreciate this may lead to inappropriate management 

and ultimate failure of restorative therapy (Hanif et al., 2015). If non-carious 

destruction of teeth is to be avoided, one must consider the followings: 

(Holbrook et al., 2003; Hanif et al., 2015) 

• Recognizing and understanding the existence of the condition  

• Grading the severity of the condition  

• Appropriate diagnosis of the likely causes  

• Monitoring the preventative measures and the disease progress 

 

Preventing tooth wear is more difficult than preventing caries. Dental caries is 

regarded as a disease that will affect most people in the world to some extent 

during their lifetime. Tooth wear is a different problem (Holbrook et al., 2003). 
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Strategies for preventing tooth wear are largely based on the individual, for 

example, abrasion and attrition are disorders that are individual-based, whereas 

erosion has certain features, including its prevalence and relationship to diet, 

which makes the disease similar to caries. Few, if any, population-based 

strategies that have been so successful in caries prevention have, however, 

been shown to have an effect on erosion. The perceived increase in the 

prevalence of tooth erosion has produced an upsurge of research into possible 

ways of preventing erosion whereas other forms of tooth wear have received 

less attention. Some of the preventive measure of tooth wear include: 

 

Fluoride application: as fluoride is essential for caries prevention, it is 

considered a vehicle for preventing tooth erosion. 

 

Drink modification: one of the successful attempt to reduce the erosive 

potential of soft drinks was by the addition of calcium citrate-malate. The 

development and subsequent marketing of Ribena Tooth Kind, which is low pH 

blackcurrant drink that has been modified with the addition of calcium, was one 

of the potentially most important steps in soft drink modification as it and has 

been shown in vitro studies to be less erosive than blackcurrant drinks without 

added calcium and less erosive than orange juice. With the increase in 

prevalence of tooth erosion, especially in young children and teenagers and the 

strong association between consumption of acidic drinks and tooth erosion, it 

still seems logical to continue the development of drinks with low erosive 

potential. In addition, waiting 60 minutes to elapse after an acid challenge to the 

teeth before brushing also reduces tooth erosion (Johansson et al. , 2012). 

 

Gastric reflux: reflux disease and vomiting are important causes of tooth 

erosion. Appropriate referral for further investigation and treatment is essential 

after recognition of the erosion and presumptive diagnosis by the dentist. 
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Lifestyle changes: It is difficult to change the lifestyle, especially in the age 

groups that are frequently found to have tooth wear. Drinking carbonated 

beverages with a straw; eating a piece of cheese shortly afterwards; and taking 

antacids, xylitol gum or xylitol-fluoride-containing lozenges after exercise are 

not activities that fit in particularly well with the lifestyle of young people. 

However, the dental profession has the responsibility to inform patients of the 

problem and its consequences.  

 

Tooth brushing technique: using a soft tooth brush with an appropriate 

technique is essential to prevent abrasion tooth wear 

 

Preventing parafunctional habits: providing the patients with parafunctional 

habits such as bruxism, teeth clenching or grinding with a night guard, occlusal 

splint to prevent further damage and tooth surface loss is essential. 

 

In cases were extensive damage and tooth surface loss has taken place, 

careful planning regarding the reconstruction of a worn dentition is essential 

and, as in any other restorative treatment plan, the first decision to be made is 

whether or not the restorations will be designed to harmonise with the existing 

occlusion i.e. the conformative approach, or to make a change towards an ideal 

occlusion i.e. the reorganised approach. (Davies et al., 2002) 

  

Aesthetic and functional challenges are the consequence of untreated or 

unchecked tooth surface loss, as well as episodes of sensitivity and pain due to 

exposure of dentinal tubules. The first management of tooth surface loss 

involves correct identification and management of the underlying cause, and 

secondly by restoring the appearance and function of the affected teeth. For a 

patient who is exhibiting signs of bruxism and related attritional tooth surface 

loss, it is essential to address and control this habit prior to embarking on 

restorative treatment to restore the affected occlusal contours. Sometimes, 

restoration of the affected teeth can often be a challenge, as supra-eruption 
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may have occurred leaving limited inter-occlusal clearance available to provide 

a suitable restoration.  In some cases, the tooth loss is extreme, where pulp 

chambers are often exposed and compromised.  

 

4.5.2.4.  HSBs and TSL: 

 

HSB patterns play an important role in the development and prevention of tooth 

surface loss in the human dentition by their distributions and orientation. It was 

thought before the investigations carried out by Osborn in the mid-1960s, that 

HSBs were a consequence of regional variations in the calcification of enamel. 

The demonstration of HSBs using microradiography supported this concept 

(Hollander et al., 1935; Osborn, 1965).  Osborn refuted this ‘regional 

calcification’ notion by his description of the nature of HSBs, which stated that 

the appearance of the bands using micro-radiography was an artefact. This 

artefact is caused by the abrasion differential of the enamel specimen during its 

preparation (Osborn, 1965). In the classic description of Osborn, he used blue 

inlay wax to demonstrate that enamel specimen surfaces were covered in a 

series of elevations and depressions (Osborn, 1965). The conclusion of his 

investigation was that this abrasion differential resulted from the changes in the 

enamel prism orientation in the specimen, where prisms that lie perpendicular 

to the surface of the preparation are more resistant to abrasion than those that 

lie parallel to the prepared surface, and this produces the uneven specimen 

(Osborn, 1965). Another experiment confirmed the conclusion of Osborn by 

using “air – abrasion”  (Boyde, 1984). Series of ridges which correspond to the 

diazone/ parazone arrangements of HSBs can be revealed by subjecting 

enamel to these techniques (Boyde, 1984). Osborn also noted that the 

orientation of each prism affects its ability to resist acid erosion (Osborn, 1973). 

The clinical implications of this property of HSBs are obvious, mainly that an 

increased resistance to tooth surface loss is manifested in regions of tooth 

surface with increased numbers of HSBs. Several investigations on the 
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functional implications of HSBs has been carried out on several mammalian 

species as stated earlier in this chapter.  

 

From the evidence for the role of HSBs and prism decussations in limiting the 

abrasion or attrition of enamel in mammalian species, and the conclusions of 

Osborn in relation to human dentitions, the understanding of tooth surface loss 

in humans can be explained by the following comparative anatomical 

information: 

 

• Evolution of mammalian dentitions and teeth have occurred so 

that individual prisms will be optimally orientated to maximize the 

abrasion resistance, which will result in asymetrical prism 

distribution within a tooth (Young et al., 1987; Stern et al., 1989); 

 

• The resistance of the tooth to wear is determined by the angle at 

which an individual prism meets the tooth surface (Rensberger 

and von Koenigswald, 1980; Boyde and Fortelius, 1986).  

 

Therefore, a more complex arrangement of each prism will result with the 

increased HSB packing density, which allows the enamel prisms to meet the 

external enamel surface at a suitable angle and optimise the resistance of the 

concerned surface to wear. The genetic/ evolutionary trend occurs to optimise 

the favourable functional properties of the enamel. 

 

Lynch (2007a) studied HSBs in human teeth and showed that the enamel 

regions which most likely to be damaged by attritional tooth surface loss 

contains the greatest HSB packing densities in human teeth. These are the 

areas of occlusal contacts including parts of the occlusal surfaces, the incisal 

quarters of axial surfaces, and the guiding surfaces, such as the palatal 

surfaces of maxillary central incisors and canines, and the buccal surfaces of 

mandibular central incisors and canines. Lynch also stated in his study that this 
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distribution of HSBs in human teeth does not occur randomly, but ensures that 

prism orientations at these surfaces are complex, thereby reducing the potential 

for abrasive and attritional tooth surface loss. It was shown also that no HSBs 

exist in the mesiodistal plane at the incisal edges of the central incisor teeth, 

which will be quickly abraded in occlusal function to expose dense HSB regions 

in the adjacent underlying region. This feature was described in rhinoceros 

teeth, and was interpreted as occuring in order to create serrated occlusal 

surfaces after some abrasion of incisal edges to produce a highly efficient 

incising and cutting surface (Rensberger and von Koenigswald, 1980).  

However, there was reduced HSB packing density in the more cervical regions 

of the crown and in the central parts of the occlusal surface in posterior teeth, 

which makes these surfaces susceptible to abrasion. In these areas where 

fewer HSBs the enamel structure will be simplified, with less evidence of prism 

decussation, leavening the enamel surfaces more vulnerable to TSL. This could 

be an advantage to facilitate the maturation of an efficient set of occlusal 

relationship. 

 

In this study, the HSB packing was examined in different segments of the 

anterior teeth of dromedary camels, and the finding were interesting. It was 

found that unlike human teeth which have consistent pattern of increased 

packing density of HSBs from the cervical region to the incisal region (Lynch, 

2007a), dromedary camel teeth have the highest mean number of HSBs in the 

labial middle quarter with no consistent increase along labial and lingual 

surfaces. This can be explained by the way camels eat their food, as they 

mainly eat rough food by grabbing then using their anterior teeth with the aid of 

their thick lips. Tearing of the food takes place between the labial surface of the 

lower anterior teeth and the lingual surface of the lips, therefore more abrasive 

forces are applied on the middle quadrant of these surfaces. Then the food gets 

incised by the incisal surface of the lower anterior teeth occluding against the 

upper canines and anterior pad before passing the food to the posterior teeth 

for efficient chewing and cutting. Therefore, increase in the packing density of 
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HSBs in the labial middle quadrant makes the enamel structure more resistant 

to wear in that region.  

 

However, there was some similarities between human and camel teeth in the 

pattern of HSB packing density, which is that the overall pattern in the anterior 

teeth is very similar, but not identical, on the labial and palatal sides. It is 

greater in the lower and upper middle quarters, and reduces in both the incisal 

and cervical quarters, and there are no HSBs in the mesiodistal plane at the 

incisal edges of the lower incisor teeth.  

 

Erosion is a process which is not simply that of dissolution of hydroxyapatite 

crystals. It was proven that processes such as piezoelectric effects 

(piezoelectric differences between enamel and dentine) may have a 

contributory role (Grippo and Masai, 1991; Rees, 2006). Increased HSB 

packing densities will certainly increase the resistance of enamel to dissolution 

as the changing orientation of the enamel prisms within the HSBs will make the 

prisms more resistant to acid attack than those in areas with diminished HSB 

packing densities. From this study, the effect of Coca-Cola acidic drink on the 

enamel and HSBs in dromedary camel teeth was tested. It showed that the 

number of HSBs was not affected by the acidic drink confirming that the HSBs 

are more likely to be caused by the variations in prism orientation rather than 

that being due to variation in enamel mineralization (Osborn, 1965). However, 

the appearance of the enamel has changed. Dark staining of the teeth was 

noted and the tooth enamel became chalky in appearance and softer in texture, 

making the teeth vulnerable to tooth wear if they were under function, even if 

number of HSBs was not affected. Unfortunately, the effect of HSB patterns is 

limited and cannot protect the enamel from such chemical insults. 
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4.5.3. HSBs and the fracture resistance of enamel 

 

It was shown from animal studies that increasing the HSB packing density 

increases the fracture resistance of enamel (Rensberger, 1997).  

 

Dromedary camels have large teeth with complex morphology, because it is a 

big animal consuming mainly dry hard food. This feature follows the simple 

relationship between dental morphology and dietary behaviour in mammals. 

Normally, animals with rough diet tend to have proportionately larger teeth, or 

proportionately larger cusps (Rensberger, 1997). It has been believed that the 

differentiation of teeth morphology is under genetic control, and this process 

was elucidated in details by many researches in recent times (Ten Cate, 1998; 

Maas and Bei, 1997; Cobourne, 1999). The early stages of mammalian tooth 

development resemble that of other epithelial appendages morphologically, 

such as hairs and glands (Jernvall and Thesleff, 2000). Tooth development is 

regulated by interactions between the epithelial and underlying mesenchymal 

tissues in all such organs, and the internal enamel epithelium maps out the 

occlusal pattern of the teeth (Berkovitz et al., 2009). During tooth development, 

the cells lining the regions of the future occlusal fissures continue to divide even 

after cessation of mitosis of the lining cells over the future cusp tips and incisal 

edges ceases (Berkovitz et al., 2009). For efficient mastication, the design of 

the external shape of the teeth is finely controlled.  

 

Maximal biting forces to which human teeth are exposed during mastication 

have been quoted are,100 N for incisor teeth; 500 N for molar teeth; and 500 – 

800 N in parafunctional habits (Waters, 1980; Lynch, 2007a).  

 

In mammals, it was found that the thicker the enamel, the higher would be the 

forces that cause catastrophic cracking, and blunter cusps crack at higher loads 

than sharper ones. This is due to the increase in the coefficient biting force with 

the radius of curvature of a cusp. Therefore, once enamel thins, the cusp 
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becomes vulnerable, and once dentine is exposed, the latter would wear rapidly 

as a result of yielding against tough seed shell and at lower force (Jernvall and 

Thesleff, 2000). 

 

In this study, dromedary camel teeth in adult camel skulls were examined in the 

Hunterian museum in London, and many teeth had cracks and vertical 

fractures. This can be due either to postmortem dehydration or the rough diet 

the camel consumes. Most cracks were detected either in the incisal tip of lower 

incisors (Fig.50j, 51f, 52c), which exhibit flat or blunt cusp tips as effect of tooth 

wear. Also, vertical cracks were detected in some of the cheek teeth (Fig.50e, 

52f), which caused buccal abscess and bony defects. From examining these 

skulls, and dromedary camels’ jaw movements during function, one can give a 

possible reason of the incisal edge wearing first is to get the relationship 

between the jaws as comfortable as possible and then the tooth wears more 

slowly as the camel grows to maturity and beyond, and finally the tooth wears 

more quickly to put an end to the senile camel that is of little or no use in the 

herd.   

 

In addition, enamel is relatively brittle and these occlusal forces are usually 

localised to a number of small areas. It has been estimated that forces as low 

as 13 Jm-2   is the minimum work required to fracture the enamel in its weakest 

areas such as, along a plane parallel to the alignment of prisms that do not 

bend (Rasmussen et al., 1976). The presence of irregularities in the enamel 

surface such as sharp angles, scratch marks, grooves or other imperfections 

greatly facilitate the initiation of progressive cracks on the surface of relatively 

brittle materials (Inglis, 1913). However, some structural features which result in 

a widening or diversion of the fracture plane tip inhibit the propagation of the 

fracture plane is readily (Griffith, 1921; Tetelman and McEvily, 1967). 

 

HSB patterns impede the progress of fracture planes and reduce the likelihood 

of catastrophic failure within the enamel by forming internal modifications by 



372 

 

various undulating groups of curved and complex prisms (Pfretzschner, 1988; 

Boyde, 1989; Boyde, 1997; Rensberger, 1997). More evidence for the 

beneficial effects of HSB patterns is available from mathematical modelling 

studies which indicate that prism decussation patterns are optimally orientated 

to limit fracture plane initiation (Pfretzschner, 1988). 

 

HSB packing densities in human dentitions were described before, and the 

results showed that regional variation in HSB packing densities exists in human 

dentitions (Lynch, 2007a). The areas which subjected to increased and 

repeated occlusal and masticatory forces, such as the occlusal surfaces of 

posterior teeth, and the incisal regions and guiding surfaces of anterior teeth, 

are the regions of greatest packing density. Comparative data is available from 

studies on the animal kingdom, which examined a limited number of species, 

such as hyenas, and showed a comparable arrangement of HSB packing 

densities to that which exists in human dentitions (van Valkenburgh and Ruff, 

1987; van Valkenburgh, 1988). In addition, this study demonstrates that the 

dromedary camel dentition has evolved in an equivalent way to that of the 

human dentition, to incorporate fracture-resistant properties, by increasing HSB 

packing densities in strategic intra-tooth regions. 

 

 

4.5.4. HSBs and Cracked Tooth Syndrome 

 

Cracked Tooth Syndrome (CTS) is a common clinical condition affecting vital 

teeth with large restorations (Lynch and McConnell, 2002). Unlike tooth fracture 

where a piece of the tooth may be completely fractured off, CTS refers to the 

presence of an incomplete tooth fracture in a vital tooth, commonly with deep 

restorations (Cameron, 1964). 

 

The typical symptoms associated with CTS is the sensation of pain when 

chewing hard food, and the pain ceases when the pressure is withdrawn. 
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Sometimes, the pain may occur upon releasing of the bite and when occlusal 

pressures are withdrawn. The cause of CTS is incomplete fracture of a tooth 

subjected to excessive occlusal loading. By movement of the fractured portion 

of the tooth on either side of the ‘crack’ or fracture, stimulation of the fluid and/ 

or nerve endings in the dentinal tubules occurs causing the sensation of pain 

(Rosen, 1982).  

 

The fracture occurs in heavily restored teeth at the line angles near the base of 

the restoration, due to ‘wedging’ forces (Bales, 1975). Then the incomplete 

fracture travels laterally and in some cases, it propagates until the undermined 

cusp/proximal tooth surface is lost. This fracture normally occurs in the cervical 

enamel regions and not at a more coronal level (Lynch and McConnell, 2002).  

 

In the cervical enamel regions, the HSB packing densities are diminished, 

indicating that the tissue in this region is poorly organised or at best contains 

parallel prism arrangements. Therefore, the ability of the enamel in preventing 

or limiting crack propagation in this part of the crown is relatively weak.  

 

4.5.5. HSBs and enamel bonding 

 

Adhesive dental materials are one of most recent innovations introduced into 

the practice of dentistry, and they have revolutionised restorative dentistry. The 

treatments utilizing adhesive materials are conservative and minimally invasive 

in nature, in contrast to the non-adhesive alternatives. Avoidance of 

unnecessary removal of healthy tooth structure is the main advantages of 

adhesive techniques, and the clinical survival of the restored tooth unit will 

thereby be increased (Lynch et al., 2007c). Adhesive restorations are effective 

in sealing the tooth-restoration interface, and preventing the ingress of bacteria 

(Latta and Barkmeier, 1998). In addition, the repair of damaged or failing 

restorations can be done by adhesive dentistry, instead of complete 

replacement (Blum et al. , 2003). Illustration of some adhesive techniques such 
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as composite resin restorations, porcelain laminate veneers, and resin-retained 

bridgework are shown in figures 118-121. 

 

The basic idea of adhesive dentistry techniques is forming a bonding 

connection i.e. a link or adhesion with the hard tissue. Dentine bonding agents 

play a central role in the sealing and retention of resin-based composite 

restorations, and dentinal adhesive techniques have become more predictable 

in recent years. However, the bonding to enamel has been used in clinical 

dentistry for over fifty years (Buonocore, 1955; Latta and Barkmeier, 1998; 

Söderholm, 2007). Superior bond strengths are achieved when bonding to 

enamel in comparison to dentine (Latta and Barkmeier, 1998). Variation in the 

shear bond strength of composite resin to enamel was reported to range from 

21 – 35 MPa, while the corresponding strength for dentine-bonding is 14 – 26 

MPa (Barkmeier and Erickson, 1994; Barkmeier et al., 1995). Dental adhesives 

are based on the micromechanical retention resulting from acid etching of 

dentin and enamel. Enamel bonding has no true chemical adhesion being 

formed between the enamel substrate and adherent bonding system or luting 

cement (Lynch, 2008). The mechanism of this micromechanical retention is 

basically by using an acid such as phosphoric acid (H3PO4) to dissolve enamel 

prisms, and create a series of pits of varying depths and orientations on the cut 

enamel surfaces (Soetopo et al., 1978). Then, a low viscosity material, such as 

a composite bonding agent, flows into these etched pits to retain the restoration 

(Kanemura et al., 1999; Shinchi et al. , 2000). 
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Fig.118: Composite Resin Restoration 

This figure illustrated the use of composite resin restoration in upper central 

incisors as an aesthetic treatment to close the median diastema and eliminate 

the appearance of an inverted black triangle between the two teeth, a. before 

treatment, b. after treatment. 

 

 

 

 

 

 

a. 

b. 
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Fig. 119: Porcelain Laminate Veneers 

This figure illustrates the treatment of porcelain laminate veneers on upper jaw 

(10 teeth) as an aesthetic treatment to repair tooth wear, correct the shape and 

color of the teeth, together with vital teeth bleaching on teeth in the lower jaw 

(10 teeth). a. before treatment, b. after treatment. 

 

a. 

b. 
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Fig. 120: Resin Bonded Bridge (RBB-Adhesive Bridge) 

This figure illustrates the construction of RBB with zirconium frame and emax 

porcelain cown replacing a missing upper right lateral incisor for a 14-year-old 

girl, who lost her tooth due to trauma. This is a conservative temporary 

restoration until the patient reach the age of 17 to have this tooth replaced with 

dental implants. 

a. b. 

c. 

d. 
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The adhesive bond is affected by the surface roughness of the enamel, 

therefore, the more complex the shape of the bonded enamel surface, the more 

force will be required to dislodge the completed restoration. Treating all enamel 

prisms with an acid etchant on a smooth surface will dissolve the enamel 

evenly, and the junction between the adhesive material and enamel will be also 

flat. Therefore, little resistance will be required to dislodgement of the placed 

restoration in a direction parallel to this junction. However, if the enamel surface 

were dissolved to produce an uneven surface of pits optimally suited to retain 

micromechanical tags, then the bond strength would be increased. Osborn 

noted that acid etchants could dissolve the enamel prisms, and that the degree 

of prisms dissolvement was dependent on the angle at which they intercepted 

the surface being treated (Osborn, 1973). Areas of tooth enamel which have 

high numbers of HSBs should contain many prisms of rapidly changing 

orientation, whereas the regions with reduced HSB packing densities the prisms 

are often relatively parallel. Micromechanical retention will be increased after 

acidic treatment of HSB-rich regions, because this will create an etched surface 

containing many etched pits of varying depth and orientation. The surface area 

of the available enamel surface for bonding will also be increased by this, 

thereby increasing the potential bond strength of placed restorations. In this 

thesis, it was observed that the application of acids to a sectioned enamel 

specimens of dromedary camels increased the width and appearance of the 

‘dark’ HSBs (Fig.96a-i). This will effectively increase the undulation of the cut 

enamel surface, providing an additional retentive component into the enamel 

bonding system.   

 

As a result, more successful enamel bonding is achieved in regions with 

increased HSB packing densities in comparison with regions that have reduced 

HSB packing densities, or even lack HSBs. The interactions between prism 

orientation and quality of enamel bonding was examined by a number of in vitro 

studies which reported that the bond strengths achieved when traditional ‘total–
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etch’ systems were used is affected by the orientation of enamel prisms 

(Shuckar and Geurtsen, 1997; Ikeda et al., 2002; Shimada and Tagami, 2003). 

These studies have found that superior bond strengths are achieved when 

enamel prism patterns are more complex and intercept the restoration / tooth 

interface at acute or perpendicular angles (Ikeda et al., 2002; Shimada and 

Tagami, 2003). The same studies have also noted that the weakest bond 

strengths are achieved when the prisms are poorly organised, or parallel to the 

restoration – tooth interface.  

 

Some studies have demonstrated that bonding to aprismatic enamel is 

hazardous, because this procedure will result in the constant loss of hard 

substance without any micromechanical retention (Gwinnett, 1967; Crawford et 

al., 1987; Retief, 1987; Shuckar and Geurtsen, 1997). Similarly, little 

micromechanical retention will be achieved in HSB-free regions of enamel, and 

regions with significantly reduced HSB packing densities which may contain 

parallel-orientated prisms.  

 

In addition, the importance of prism orientation on the bond strength of 

adhesive restorations to enamel was supported by evidence from clinical 

studies. For example, in a five-year clinical retrospective study on composite 

restorations which were applied along the mesial surfaces of maxillary central 

incisors, a significantly greater incidence of marginal defects was found 

surrounding the cervical margins of these restorations (Peumans, 1997). The 

cervical margins of Class V composite restorations and cervical margins 

porcelain veneers showed evidence of marginal failure, gaps, or marginal 

staining (van Dijken et al., 1985; Tjan et al., 1989; Zaimoglu and 

Karaagaclioglu, 1991; Qvist and Strom, 1993).  

 

Several bonding systems have been introduced in adhesive dentistry, and 

recently bonding to dentine became an integral part of contemporary restorative 

dentistry, but early systems were not user-friendly. New systems which have a 
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reduced number of clinical steps have been introduced such as the self-etch 

adhesives, which are advantageous provided that they are as effective as the 

earlier adhesives. These new self-etch materials work by forming hybrid layers 

as did the previous generation of adhesive materials. However, more clinical 

research on these new materials is required. Some of the advantages of self-

etch systems include eliminating the need to etch and rinse, a reduction in post-

operative sensitivity and low technique sensitivity. However, the disadvantages 

include, the inhibition of set of self- or dual-cure resin materials and the need to 

roughen untreated enamel surfaces prior to bonding (Burke, 2004). 

 

A study was done to evaluate the effect of the margin location when using 

an adhesive system on the marginal adaptation of class V composite 

restorations (Casselli et al., 2013). Two bonding systems were tested, 

etch-and-rinse (Single Bond 2 (SB)) or a self-etching adhesive (Clearfil 

SE Bond (CL)). Class V cavities were prepared in bovine teeth with the 

gingival margin on the dentin and the incisal margin on the enamel. 

Micro-hybrid composite resin was used to restore the cavities. After 

finishing and polishing the restorations, epoxy replicas were prepared. 

Scanning electronic microscopy (SEM, 500 x magnification) was used to 

analyze the marginal adaptation to detect where was the higher gap 

within each margin. The SB presented higher gaps in the dentin than the 

enamel, while there was no difference between the substrate for the CL. 

Better marginal sealing was recorded in the dentin with the CL than the 

SB. The opposite occurred in the enamel. No significant differences were 

detected between the baseline, thermal and mechanical cycling for any 

experimental condition. This study showed that the adhesive system and 

margin location have an important effect on the marginal adaptation of 

composite restorations. (Casselli et al., 2013) 
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Another study showed that the bond strengths of the two adhesive 

systems were influenced by the anisotropic structure of enamel. When 

phosphoric acid etching was applied to the parallel prismatic enamel, the 

enamel surface appeared to be over-etched, resulting in lower bonding. 

And with self-etching primer system, higher bond strength to parallel 

prismatic enamel is produced compared to the one-bottle adhesive 

system. (Shimada and Tagami, 2003) 

 

Therefore, both in vitro and in vivo studies showed evidence that the quality of 

adhesion achieved in cervical enamel regions is inferior to that obtained in other 

regions in enamel. The results of the study on human teeth (Lynch, 2007a), and 

this study, which showed similar arrangement of HSBs at the cervical region in 

dromedary camel teeth, suggest that the low adhesive bond to enamel in the 

cervical region may be due to the fact that enamel prisms in this region are 

poorly organised with low HSB packing densities. The clinical significance of 

this should not be underestimated.   

 

 

4.5.6. HSBs and abfraction lesions  

 

Abfraction lesions are forms of TSL that occur at the cervical region of teeth. 

They appear as angular, wedge-shaped defects and are thought to occur by a 

mechanical overloading of these regions that is initiated by cuspal flexure (Rees 

et al., 2003; Rees, 2006). Sometimes they are referred to as ‘non-carious 

cervical lesions’ (Burke et al., 2000). Clinically, the most prevalent site for these 

lesions are on the labial aspect of maxillary incisor teeth. There is an increasing 

prevalence of these lesions, and in varying patient and population groups 

ranges from 27% to 85% (Gallien et al., 1994; Levitch et al., 1994).  
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Initially, abfraction lesions were mistaken with abrasion lesions, which is tooth 

surface loss processes at the cervical regions of teeth due to wear caused by 

objects other than teeth, such as a toothbrush. It was also thought that erosive 

tooth surface loss patterns play a role in the development of these lesions, e.g., 

acid from dietary sources (Burke et al., 2000). However, abfraction has several 

characteristics which do not accord with either erosion or abrasion. These 

include: 

 

• The appearance of abfraction lesions differs from erosion as they are 

narrow, wedge-shaped and only affect the cervical regions of teeth, while 

erosion produces rounded defects affecting larger regions on the affected 

tooth surface; 

 

• Specific teeth are affected in abfraction lesions, while adjacent teeth which 

are not subjected to the same lateral forces, remain unaffected. Tooth-brush 

abrasion and acid erosion patterns are not limited to individual teeth; 

 

• abfraction lesions may progress around restorations, whereas in erosion or 

abrasion, these parts of the tooth would be protected from such external 

agents;  

 

• abfraction lesions may affect the lingual surfaces of mandibular incisors, 

where there is limited access for toothbrushes, or other external agents 

capable of causing abrasion; 

 

• abfraction lesions does not appear in mobile teeth as frequently as non-

mobile teeth; erosive or abrasive processes would not be able to 

discriminate between these teeth. This characteristic implicates the occlusal 

loading in the aetiology of the condition; 
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• abfraction lesions may extend subgingivally, which are areas that are 

shielded from external abrasive or erosive agents. 

 

Strong association between abfraction lesions and para-functional habits has 

been noted (Grippo, 1991). According to the ‘occlusal’ theory, it is thought that 

when the tooth flexes, large tensile and shear stresses are generated in the 

cervical region of the tooth which cause disruption of the bonds between the 

hydroxyapatite crystals (Lee and Eakle, 1984; Rees et al., 2003; Rees, 2006). A 

crack will be formed eventually after this enamel loss, which exposes the 

underlying dentine (Lee and Eakle, 1984). Dentine is relatively softer in nature 

which makes it unprotected from erosive and abrasive insults. The cracking in 

abfraction usually begins in the inner surface of the cervical region of the 

enamel (Hall et al., 2000). It was mentioned earlier that in animal studies it was 

shown that HSB patterns have evolved in part to prevent crack formation 

primarily by diverting or widening the tip of the fracture plane (Pfretzschner, 

1988). In cervical regions of enamel, the HSB packing density is significantly 

reduced in comparison with other regions, which indicates poorly organised 

enamel, with an increased number of parallel prisms. It was reported in 

biomechanical studies of abfraction that the forces in this region are more often 

directed laterally and horizontally rather than vertically (Rees et al., 2003; Rees, 

2006). Clearly, the abfraction lesions develop in this vulnerable cervical region 

of teeth due to the lack of HSBs, and the consequent increased number of 

horizontal parallel-arranged prisms.  

 

It is essential to note that factors other than HSB packing densities have been 

implicated in the development of abfraction lesions. It has been shown in a 

clinical study that abfraction lesions occur six times more frequently in patients 

who have a group function type of occlusion in lateral excursive movements 

compared with those patients who have a canine-guided occlusal scheme 

(Rees, 2006). This suggests that the canine-guided occlusion protects the 
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posterior teeth by preventing them from contacting in lateral excursion (Lynch, 

2007a). 

 

The concentration of shear and tensile stresses in the cervical regions of teeth, 

which are susceptible to abfraction lesions, was examined in several finite 

element computer modelling studies (Rees et al., 2003; Rees and Hammadeh, 

2004). From these studies, it was demonstrated that the cervical enamel 

regions on both the labial and palatal surfaces of teeth, such as maxillary 

central incisors, are subjected to similar forces. However, abfraction lesions 

occur six times more commonly on the labial surfaces of maxillary central 

incisors than on the palatal surfaces. This can be explained by noting that these 

lesions are not caused solely by the induced tensile and shear stresses, as 

abfraction lesions may arise because of ‘stress corrosion’ (Grippo and Masai, 

1991). This concept has not been widely considered previously in dentistry, 

although it is well known in engineering circles (Rees, 2006). The basic idea of 

this concept states that the presence of both acidic substances together with 

damaging tensile and shear stresses can cause more damage than either 

would do alone (Rees, 2006). Stress corrosion may contribute to the formation 

of abfraction lesions because salivary flow and the tongue protects the palatal 

and lingual surfaces of teeth from erosive processes to a greater extent than 

the buccal and labial surfaces, and because the clearance rates of acidic drinks 

are much slower from labial and buccal surfaces than palatal surfaces (Lynch, 

2007a).   

 

The abfraction lesions usually initiate and propagate in the body of the cervical 

enamel no matter what processes may be implicated in their development. It 

was found that enamel in the cervical regions of all tooth types in humans 

featured significantly diminished HSB packing densities relative to other enamel 

regions (Lynch, 2007a). In some areas, there were no HSBs visible in the 

cervical region. This arrangement of enamel prisms in horizontal, non-

decussating, and parallel arrangements gives good reason why enamel 
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becomes susceptible in this region to horizontal or oblique forces. Therefore, 

the alignment of enamel prisms and HSB packing density should also be 

considered in addition to the other aetiological factors implicated in the 

development of abfraction lesions. 

 

 

4.5.7. HSBs and vital tooth bleaching 

 

The teeth color and appearance are widely considered an essential determinant 

of oral health, and may have profound psychosocial implications for patients 

(Neumann et al., 1989). Conservative modification of tooth color can be 

achieved by vital tooth bleaching techniques. Although these techniques are 

simple and cause minimum destruction of tooth tissue, their use in Europe has 

been limited by the EU Cosmetics Directive (Brunton et al., 2006; Pretty et al., 

2006; Joiner, 2006). As a result, the teaching of vital tooth bleaching in Ireland 

and the United Kingdom significantly lags behind that of North America (Lynch , 

2007b).  

 

Vital tooth bleaching agents function depending on their ability to permeate 

through the enamel layer of the tooth, and to reach the underlying dentine layer, 

in order to modify the intrinsic colour of this tissue (Joiner, 2006; Pretty et al., 

2006; Tredwin et al., 2006). The precise course of these materials through 

enamel has not been accurately described, but a significant proportion of these 

materials will certainly travel along the prism sheaths since these are the most 

permeable and most available region within the enamel microstructure. More 

rapid diffusion of the bleaching agent will be allowed by the more parallel and 

straight prism sheaths in regions with reduced HSB packing densities. 

Conversely, it will be more difficult to bleach HSB-rich zones, as the passage of 

the bleaching agent through the body of the enamel will be impeded. 
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The consideration of HSBs in vital tooth bleaching has not been addressed 

fully, and further work is required in the future.  

 

 

4.5.8. HSBs and personal identification 

One of the clinical implications of HSBs is their use in personal identification in 

a similar fashion to a finger print. It is known that teeth can be used as a source 

of information in human identification, especially when the soft tissues cannot 

provide reliable information. A recent study has demonstrated that HSBs can be 

observed and recorded directly from the mouth (Chapter 1, Fig.11), and from 

isolated teeth or even in tooth fragments collected in the field. This can be very 

helpful in today’s modern life, which is characterized by the concentration of 

large populations in urban areas, with the gathering of people in huge office 

buildings, schools, theatres and mass transportation systems. In cases of 

disasters where identification of victims is necessary this will be a new and 

diverse methods of forensic investigation to identify the victims. Personal 

identification using toothprint is a highly robust biometric-based procedure 

would be useful in such cases of disasters. The analysis of HSB patterns or 

toothprint may compliment fingerprints and DNA as well as other methods of 

identification. Toothprint recording would be specially recommended for 

individuals working in dangerous occupations such as firefighters, soldiers, jet 

pilots, divers and people that live or travel to unsafe areas (Ramenzoni and 

Sérgio, 2006). 

HSBs can withstand extreme environmental conditions and are preserved after 

skin decomposition. Even after burning the teeth in temperatures of up to 300 °C 

for 1 h, HSBs could be clearly observed and recorded in the teeth (Ramenzoni 

and Sérgio, 2006). Experimental evidence indicates that teeth can withstand 

much higher temperatures in burned corpses. This preservation of tooth 

structure is achieved due to the protective effect of the tongue, masticatory 

muscles and other soft tissues in the face and mouth (Valenzuela et al., 2000). 
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In addition, from several hundred thousand to over 60 million years ago, 

preservation of HSBs have been observed on the surface of fossil teeth. It was 

proven that toothprint analysis is non-invasive, accurate and can be performed 

easily in automated systems.  Toothprint should be considered as an important 

and suitable physiological biometric trait for human personal identification and 

verification (Ramenzoni and Sérgio, 2006). 

 

 

4.5.9.  Conclusions 

 

HSB patterns in dromedary camel teeth are finely controlled and non-random in 

their occurrence, with some similarity to the human teeth, and this confirm their 

clinical significance in relation to human dentitions. 

 

In conclusion, the HSB patterns have evolved to optimise resistance to abrasion 

and tooth fracture. This investigation on dromedary camel teeth supplements 

the results of earlier investigation carried out on HSB patterns in human teeth. It 

is clear that some aspects of HSB packing densities and distributions have 

beneficial roles in clinical techniques such as enamel bonding. Some other 

conditions including abfraction and cracked tooth syndrome are passively 

facilitated by HSB distributions and patterns. Finally, one of the benefits of 

these HSBs is that they may be used in the future for personal identification.  
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4.6. QUANTITATIVE DATA OF HSBs DISTRIBUTION IN THE ANTERIOR 

TEETH OF CAMELUS DROMEDARIUS  

 

In this study, all the anterior teeth of camels 1-10 were sectioned and images 

taken under photomicroscope of both buccolingual and mesiodistal sections 

(Fig.80a-89a). Images of anterior teeth of camels 1-5 were put as composite 

images and HSBs counts and packing density were calculated (80b-89b). 

 

The results are interesting as they showed significantly greater mean HSB 

packing densities are observed on axial surface segments at, or below, the 

upper middle quarter (Table13,19) (Fig.62-71). It was also found that the HSB 

packing densities were not symmetrical around the long axis of the tooth, and 

that HSB packing densities are greatest in sites within the dentition that are 

most exposed to the risk of damage (fracture or wear), such as the lower mid 

quarter of the mesial section on anterior teeth, distal surfaces of maxillary 

canines (Fig. 67-71), the labial and lingual mid quarter surfaces of mandibular 

incisors (Fig. 63-65) The relevance of the dromedary camel’s jaw movement 

during function and type of diet consumed by camels was discussed and 

related to these final results. 

 

Therefore, unlike human teeth which have consistent increase pattern of mean 

number HSB from the cervical quarter to the incisal quarter (Lynch, 2007a), 

dromedary camel teeth, have the highest mean number of HSB in the labial 

middle quarter with no consistent increase along labial and lingual surfaces.  

 

The overall pattern of HSB packing density was very similar, but not identical, 

on the labial and palatal sides. It is greater in the lower and upper middle 

quarters, and reduces in both the incisal and cervical quarters (Table 13, Fig. 

62-66). The same results were noticed in mesiodistal plane, where HSB 

packing density was also very similar, but not identical, on the mesial and distal 

sides in all anterior teeth (Table 19, Fig. 67-71). The greatest HSB packing 
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density was found in the mesial lower middle quarter, and least in the distal 

incisal quarter. The distal side segments of the maxillary canine had the highest 

mean HSB packing density among all anterior teeth (Fig. 67) (Table19,28), 

almost twice that of the other teeth. This could be due to the fact excess 

shearing force is applied on this surface of the upper canines during mastication 

as this is the main tooth used to tear food in camels by gripping it and shearing 

it with their thick lips.  No HSBs were observed in the incisal edge region of all 

the mandibular incisors sectioned in the mesiodistal plane (Table 18). This can 

be explained to occur as an adaptation to occlusion and that’s where the 

potential for wear is greatest. The lower incisors of the camels are used to 

shear food, and excessive force is applied on the incisal edges of these teeth, 

which can cause tooth wear.  

 

Therefore, the results of this study emphasize on the importance of HSBs in the 

strength and tooth wear resistance of tooth enamel, and it supports the results 

of the study done before on human teeth (Lynch, 2007a). 

 

 

4.6.1. Conclusion 

 

The initial hypothesis for this investigation (cf. p.82) was that that dromedary 

camel teeth morphology differs considerably from human teeth. HSBs do exist 

in dromedary camel tooth enamel, but with different appearance and 

distribution. The study confirmed the presence of HSBs in dromedary camel 

tooth enamel, with similar appearance and different distribution. Therefore, we 

can accept the first part of the hypothesis, as HSBs do exist in the tooth enamel 

of the anterior teeth of dromedary camels and with different distribution of their 

packing densities in different areas. Increased HSB densities was found in 

regions subjected to occlusal and functional loading (Radhi et al., 2016). 

However, we can reject the hypothesis about the variation of appearance of 

HSBs from human tooth enamel as they had similar appearance. 
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4.7. QUALITATIVE DATA OF HSBs DISTRIBUTION IN THE ANTERIOR  

TEETH OF CAMELUS DROMEDARIUS  

 

 

In this research, HSB patterns were recorded within the anterior teeth of 

dromedary camels, and their representative images were illustrated in the result 

section (Fig. 80-89). These images indicate that the overall pattern of HSB 

packing density was very similar, but not identical within individual teeth. In the 

cervical quarter of most of the teeth, HSBs appeared relatively short, thick, and 

directed laterally in the lower middle quarter, and eventually became much finer 

and curved occlusally/ incisally in the incisal and occlusal segments. The 

patterns of HSBs confirm the regional structural modifications within enamel in 

response to the forces to which it is exposed. 

 

Some interesting patterns were also observed such as the minimum number of 

HSBs were observed in the cervical quarters on the axial surfaces, and none 

were detected along the incisal edges of the mandibular incisor teeth (Fig. 83a). 

 

The fact that the enamel in cervical region is not subjected to occlusal loading, 

and that it is also quite thin, could be the reasons for the lack of HSBs in that 

area. Also, as in human incisors, there is lack of HSBs along the incisal edges 

of the mandibular incisors of dromedary camel teeth, which is probably a 

consequence of the configuration of the retreating ameloblasts, and might also 

be a biomechanical modification. The later means that the rapid tooth wear of 

this HSB-free zone will lead to the exposure of an underlying flat HSB-rich 

region, which will result in sharp enamel edges making them efficient for 

incising food. This has been noted in human teeth (Lynch, 2007a) as well as in 

some animal species (Rensberger, 1997). In addition, the lack of HSBs in this 

region could be related to the loading forces that the enamel is exposed to, as 

significant loading of the enamel can occur at the incisal edge. Tooth wear of 

the incisal area will result in increasing the surface area, which allows 
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distributing the excessive forces across a wider area, and reducing the risk of 

enamel damage and fracture.  

 

The patterns of HSBs over the cusp tips of the canines, and the incisal quarter 

(the slope from the incisal edge) of all the anterior teeth, according to the 

descriptions of Osborn (1968d), were mainly radiating pattern with 

interdigitating and cup-shaped patterns in some examples (Fig.90). The reason 

for this is to make the prisms in this area more complex, giving rise to a 

stronger enamel and a greater resistance to tooth wear and fracture. 

 

In addition, the variation in direction or curvature of the HSBs can be noted as 

they appear as described by Steffen (1997), with an undulating pattern which 

occurs in waves, straight and in one direction. This shows the similarity of the 

appearance of HSBs between human and dromedary camel teeth, which is an 

interesting finding.  

 
 

One of the other variations in HSBs is their interrelationship with the striae of 

Retzius, which was evident and illustrated in Fig. 95 in the Results section. It is 

apparent that the Striae of Retzius interrupt the HSBs. The striae of Retzius are 

incremental lines in enamel, which mark the developing enamel position at 

approximately weekly intervals (Berkovitz et al., 2009). In some teeth, the striae 

are not evident, but in Fig. 95 the striae are particularly pronounced. The reason 

for the occurrence of these stiae is still unknown, although their nature has 

become more clear in recent years. One of the reasons for their occurrence 

was reported by Osborn, who speculated that their appearance is caused by 

the coincidence of varicosities in the enamel prisms (Osborn, 1973). Another 

possibility is that the striae represent a ‘smear line’ in enamel caused by 

ameloblasts moving from the prisms they had been forming to a different set of 

prisms (Fitzgerald et al., 1997) 
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HSBs get interrupted by the Stiae of Retzius as they represent a synchronous 

change in the shape of the enamel prisms. The prisms appear to bend sharply 

at the area where striae occur. The striae appear as extremely narrow gaps 

filled with interprismatic material that are interposed between the prisms that 

bend, and the prisms that appear to be in continuity with them on the other side 

of the gap. The planes of the striae generally pass obliquely through a ground 

section of enamel when examined in a light microscope, and therefore they are 

easily seen. Under low power they appear as relatively wide bands because the 

low power lenses can focus on the totality of the entire thickness of the section. 

HSBs appear as a result of the interaction of light with prisms of varying 

orientation. The alignment of the prisms on either side of a striae is the same, 

and consequently the HSBs appear as continuous light or dark bands, 

unaffected by the striae passing through them. 

 

 

 
4.7.1. Conclusion 

 

Despite the complexity of the camel teeth morphology, and their big size in 

comparison to human teeth, the appearance of their HSBs is similar in both 

mammals. 

 
 

 

 

 

 

 

 

 

 

 

 



393 

 

4.8. THE EFFECT OF ACID ETCHING ON THE APPEARANCE OF HSBs 

 
 

Acid etching the enamel surface with orthophosphoric acid is a concept which 

was first proposed by Buonocore (Buonocore, 1955), and then it became a 

widely-used clinical procedure to increase the bond strength between the 

composite resin and etched enamel. Usually, a retentive enamel surface is 

achieved when using phosphoric acid at a concentration between 30-40% 

(Silverstone, 1974). When the phosphoric acid concentration is greater than 

50%, formation of a monocalcium phosphate monohydrate that inhibits further 

dissolution will occur, but in concentrations not lower than 10% the phosphoric 

acid solution, no adverse effects will be produced on the bond strength (de 

Goes et al., 1998).  

 

The standard treatment time for enamel conditioning was taken to be 60 

seconds, although there is growing evidence that a 15-second etching time 

provides similar surface morphology and bond strength values (de Goes et al., 

1998). The mechanism of composite retention to enamel in the etching 

technique involves selective dissolution of prism cores or peripheries by etching 

the enamel, then microporosity will result into which resin can flow and can be 

polymerized to form a mechanical bond to the enamel. Elimination of 

microleakage at the tooth/restoration interface will be achieved by this 

procedure.  

 

The success of the enamel etching technique inspired its use on dentine 

surfaces also, but the bond strength on dentine using the early hydrophobic 

resins was not as strong as that obtained on enamel surfaces  (de Goes et al., 

1998). Several dentine bonding systems were introduced including the use of a 

bonding system that employed 40% phosphoric acid for 60 seconds on enamel 

and dentin simultaneously, which improved the adhesion of the bonding 

system. Another bonding system included the use of 37% phosphoric acid to 

simultaneously etch enamel and dentin for 15 seconds followed by a unique 
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combination of hydrophilic primers and an ambiphilic bonding agent resulted in 

a gap-free interface between resin and tissue in vivo and in vitro. However, the 

recent generation of adhesive systems use different kinds of acids to 

simultaneously etch enamel and dentin, including 10% and 35% phosphoric 

acid and 10% maleic acid, with a reduced application time of the acid to 15-30 

seconds. This was to simplify the bonding procedures. Partial or total removal 

of the dentinal smear layer will result from the application of these conditioning 

agents to dentine surfaces, which opens the dentine tubules by causing the 

demineralization of the peritubular and intertubular dentine (van Meerbeeck et 

al., 1992). This resulted in an increase in the microporosity of the intertubular 

dentin and subsequent shear strength values, bringing them within the normal 

range recorded for enamel (de Goes et al., 1998). Therefore, the type of acid, 

the etching time, and the concentration of the etchant do affect the degree of 

surface etching and demineralization of enamel (Silverstone, 1974; van 

Meerbeeck et al., 1992).  

 

It was noted that the width of the “dark” HSBs (diazones) is increased with an 

increase in etching times (Fig. 96a-i). The reason for this happening is due to 

the effect of prism orientation on its resistance to dissolution by acidic agents. 

Prisms in the “white” HSBs (parazones) are sectioned parallel to their long axis. 

Whereas, prisms in the “dark” HSBs have been sectioned obliquely, and they 

are most susceptible to dissolution (de Goes et al., 1998). Also it was noted 

from this series of images that the narrowing of the white HSBs occurs with an 

increase in etching time. This observation was noted in the study done 

previously on human teeth (Lynch, 2007a), and it was suggested that the cause 

for this change in width of the parazones is the presence of prisms in the 

periphery of the white HSBs that have been sectioned obliquely, and with 

increased etching times they become vulnerable to dissolution. This property of 

HSBs can be advantageously used in adhesive dentistry techniques. 
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The numbers of HSBs visualised for each tooth before and after each period of 

etching were given in Tables 34-38 in the Results section. There was virtually 

no change in the number of HSB after the acid etching. Therefore, from these 

data we can accept the initial hypothesis that acid etching the specimen surface 

should not affect the numbers of HSBs. However, acid etching the tooth enamel 

improves the appearance of HSBs and makes the dark bands appear wider 

with the light bands narrower. This supports the results of the study that was 

done before on human teeth (Lynch, 2007a), and emphasize on the clinical 

relevance of HSBs in improving the bond strength of tooth enamel to adhesive 

restorations. This should make clinicians address the importance of HSBs and 

make use of their distribution throughout tooth enamel in providing and 

designing adhesive restorations to their patients.  

 

 
 
 

4.8.1. Conclusion 
 

Acid etching the enamel surface of dromedary camel teeth does not change the 

number of HSBs, but it improves their appearance and increases the width of 

the dark bands. 
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4.9. THE EFFECT OF COCA-COLA ACIDIC DRINK ON THE  

     APPEARANCE OF HSBs 

 

 

Coca-Cola is a carbonated fizzy drink. There are a lot of concerns about this 

soft drink and the its effect on general health as well as its specific effect on oral 

health. In 2003, about 1.2 billion servings of Coke were distributed daily, 

according to Forbes.com. Many schools eliminated sodas from beverage 

machines and cafeterias because of the concerns about soft drink health, and 

dentists are warning both children and adults to avoid sodas. The Journal of 

Dental Nutrition published a study in the October 2001 about the link between 

soda and to dental decay in adults older than age 25 (Saglimbene, 2015). 

The effect of this soft drink on teeth can be explained by looking at its 

ingredients, which are as follows: 

• Sugar:  each can(250ml) contains more than 9 tsp. of sugar. From this 

substrate, acid will be produced by the bacteria which live inside the mouth. 

Erosion of tooth enamel by the acid will result, allowing the bacteria to move 

readily into the eroded areas and eventually leading to the formation of 

cavities. The duration of drinking the soft drink can increase or decrease the 

total damage done to the teeth. It only takes 20 seconds for bacteria to 

produce an acid, but the effects can last for up to 30 minutes. The frequency 

of sugar consumption will also affect tooth damage, as less sugar consumed 

more frequently does greater damage to the teeth than more sugar 

consumed less frequently (Saglimbene, 2015). 

 

• Acid: Dental erosion results from acidic liquids contacting the teeth. Soft 

drinks such as Coke, Diet Coke and Coca-Cola contain phosphoric acid, an 

acid that is also used in industrial cleaners. Erosion from phosphoric acid 

can affect the entire tooth, and when coupled with the acid produced from 

bacteria, Coca Cola becomes a double threat to tooth enamel. Symptoms of 
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dental erosion include teeth sensitivity, pain, transparency, cracking and 

darkening of teeth (Saglimbene, 2015). 

 

• Dye: Caramel dye is used to create Coca Cola's signature deep brown 

color, but doesn't actually add to the flavor of the soft drink. Carmel coloring 

contributes to yellowing of the teeth, and weakened enamel makes it easier 

for teeth to become stained. Yellow teeth are regarded as unsightly in many 

cultures, but they don't actually adversely affect health (Saglimbene, 2015). 

 

To minimize the effect of this soft drink on teeth, it is advised to limit the 

consumption of Coca-Cola and other soft drinks, and to drink it with a straw to 

minimize its contact with the teeth. (Saglimbene, 2015) 

It was demonstrated on human teeth, that if a tooth was left in glass of Cola for 

24 hours without any protective agents for the tooth, it will not dissolve the tooth 

but it does cause extensive damage. This damage includes extrinsic staining 

and erosion. However, the damage caused by soft drinks on the teeth is less 

dangerous in the mouth because the saliva protects the teeth and washes 

them, minimising the effect of the acid (Qadir, 2012).  

In the present study, sectioned dromedary camel anterior teeth were immersed 

in Coca-Cola, and the immersion period ranged between 15 minutes up to 1 

week in total. The weight of the teeth was not recorded as the aim of this test is 

to investigate the effect of Coca-Cola drink on the appearance and number of 

HSBs in tooth enamel. Subsequent examination of the specimens under the 

microscope showed that there was no change in the number of HSB after the 

immersion in Coca-Cola in all samples, but an improvement in the definition of 

HSBs was noted (Fig.97a-d). In addition, there was apparent change in the 

teeth color and enamel texture, as dark staining of the teeth was observed 

starting from 30 minutes’ immersion time and the increasing up to 1 week. Also, 

the tooth enamel appeared more chalky in appearance and softer in texture.  
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The manufacturer of Coca-Cola reportedly claims the actual amount of 

phosphoric acid in its sodas is proprietary information and not available to the 

public. The Coca-Cola has a high pH of 2.525, which is slightly higher than that 

of battery acid (Lloyd, 2007).  

Another scientific study covered showed that immersing teeth in Coke, Pepsi, 

RC Cola, Squirt, Surge, 7 Up and Diet 7 Up for 48 hours causes loss of more 

than 5 percent of the weight of the teeth (Lloyd, 2007). The erosive potential of 

cola drinks is 10 times more than that of fruit juices in just the first three minutes 

of drinking. Also, drinking large quantities of carbonated soda could be as 

damaging to the teeth as methamphetamine and crack cocaine use according 

to a press release from the Academy of General Dentistry (2013). 

Soft drinks have many potential health problems, including dental caries and 

enamel erosion (Majewski, 2001). Long-term high intake of soft drinks and 

deterioration in oral hygiene patterns will result in dental caries. In some cases, 

slowly-progressive caries may suddenly become rampant as a result from 

frequent exposure to erosive acids (McIntyre, 1992). Cola is the soft drink 

implicated as the most frequent source of the acids, and it has been reported 

that the cariogenicity of cola is higher than that of milk and sucrose (Bowen and 

Lawrence, 2005). Therefore, low-calorie and sugar-free food is recommended 

to reduce dental caries risk. However, sugar-free soft drinks often have as high 

erosive potential same as sugar-containing soft drinks (Cheng et al., 2009). 

Other studies showed that dental erosion was associated with the method of 

drinking. For example, holding the drink longer in the mouth leads to a more 

pronounced pH drop (Johansson et al., 2004). The erosion depth will also be 

increased with drinking with an increasing flow rate and with decreasing outlet 

diameter (Shellis et al. , 2005). The effect is also strengthened with increased 

temperature of the drink (Eisenburger and Addy, 2003). 
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Toothbrushing is essential for a good oral hygiene. However, greater hard 

tissue loss is noted after erosion and toothbrushing than erosion alone (Rios et 

al., 2006; Magalhães et al., 2008). It was shown that after intra-oral periods of 

30 and 60 min, tooth wear was not significantly higher in toothbrushing than in 

unbrushed controls. Therefore, it is advised to keep the teeth unbrushed for at 

least 30 min after an erosive attack to protect the dentine from abrasion and 

erosion (Attin et al., 2004; Cheng et al., 2009). 

In addition, some types of toothpastes accelerate tooth wear due to the removal 

of superficial enamel layer (Rios et al., 2006). For example, the non-fluoridated 

toothpaste could increase dentine loss compared with drinks alone (Ponduri et 

al., 2005). Significantly greater wear of sound enamel and of both eroded and 

sound dentine was noted when using whitening dentifrice (Turssi et al., 2004). 

However, using fluoride and remineralising toothpastes, which contain NaF, 

calcium, phosphate, and fluoride ions, have been proven to be effective in 

inhibiting enamel erosion. A concentration of about 1,100 parts per million of 

fluoride in dentifrices helps to reduce dentine wear by erosion and abrasion, but 

the protection does not increase with fluoride concentration (Magalhães et al., 

2008). Remineralising toothpaste is more effective in intact and decalcified 

enamel (Muñoz et al., 1999; Magalhães et al., 2007), as it contains NaF, and 

simultaneously provides dissolved calcium, phosphate and fluoride ions for 

remineralisation. Improvement of tooth surface smoothness and gloss could be 

achieved with regular use (Muñoz et al. , 2004). 

In conclusion, in humans complex dental consequences including dental 

erosion and caries can result from excessive intake of soft drinks. Although the 

diseases have different histological appearance, when both conditions occur 

concurrently, deleterious harm affects the dental hard tissues. Therefore, it is 

essential to educate patients about the harmful effects of excessive soft drink 

consumption and give them advice to prevent dental erosion and caries such 

as: limit the intake of soft drinks, choose low erosive soft drinks, improve the 

drinking habit, toothbrushing at least twice a day, avoiding brushing tooth 
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immediately after or within one hour after consuming acidic food, and using 

fluoride or remineralizing toothpaste (Cheng et al., 2009) 

 

 

4.9.1. Conclusion 

 

The immersion of camel teeth in Coca-Cola acidic drink does not change the 

number of HSBs, but it does improve their appearance and increases the width 

of the dark bands. In addition, it affects the texture of tooth enamel to become 

softer, more vulnerable to erosion and caries as well as causing tooth staining. 

The clinical implication of this finding for humans emphasises the need for 

educating patients about the harmful effects of acidic soft drinks on the teeth 

and general health, providing them with advice to minimise the effect of the 

acidic drinks on the teeth. 
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4.10. REVIEW OF METHODOLOGICAL APPROACH OF THE STUDY  

 

4.10.1. Introduction 

 

In designing the methodology of this research, certain key points were 

considered. These points are listed below and will be discussed separately in 

this section:  

 

• Identification of a ‘research question’ in order to lead to the derivation of an 

appropriate hypothesis i.e. the research should be ‘hypothesis-driven’; 

 

• Selection of the appropriate sample size for optimal results, which if not 

generalisable to a population, may at least allow some scope for 

extrapolation to a group; 

 

• Using a valid method for collecting the data, which must be reliable, and 

reproducible. Data should be collected using a clear objective, rather than 

subjective, method; 

 

• Reporting the results appropriately, within the limitations of the methodology 

used; 

 

• Selecting and reporting the appropriate statistical tests; 

 

• The conclusions of the study must be achieved based on the results of the 

study performed. 

 

In this PhD thesis, projects were executed, as much as was possible, to these 

standards. In a review of the thesis, it is appropriate to consider each of these 

features in relation to the projects undertaken. 

 



402 

 

4.10.2. Research question and the use of hypotheses 

  

HSBs existence and distribution in dromedary camel teeth were the main focus 

of interest for this study. The main ‘research questions’ were do HSBs exist in 

Camelus dromedarius tooth enamel? And do their packing densities vary in 

different teeth and in different regions of individual tooth crowns? These 

questions led to the introduction of suitable hypotheses, which were previously 

outlined in the Materials & Methods. Then the hypotheses were tested, and 

based on the observed results, the decisions were made to accept or reject the 

hypotheses.  

 

It is evident from the reported results that based on the sample investigated in 

this study that the answer to the primary research questions is in the affirmative.  

 

 

4.10.3. Sample size  

 

It is always advisable to have an ideal sample size to allow the investigator to 

detect statistically significant results. Although the selection of an appropriate 

sample size is often fraught with difficulties it should be sufficient to exclude the 

possibility that the results occurred by chance (Bulman and Osborn, 2000). 

 

For this study, the samples were collected over a period of 4 years, and the 

largest sample size practicable was selected. The sample size was limited by 

the availability of certain tooth types; it is for example, difficult if not impossible 

to get permanent dromedary camel teeth in Bahrain, therefore the study 

concentrated on the HSBs in primary teeth. However, permanent teeth were 

included in the description of tooth morphology of Camelus dromedarius with 

the aid of the Hunterian museum collection of dromedary camel skulls. Also, the 

difficulty in locating intact, disease-free, and un-cracked teeth upon removal 

from dromedary camel skulls was another limitation. The initial plan was to 
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examine HSBs in both the anterior and cheek teeth but due to time limitation 

the investigator was advised by the statistician to confine the results on the 

anterior teeth, who advised that the sample size was sufficient for statistical 

significance, and to keep the cheek teeth of dromedary camels for future 

studies (El-Musharaf, pers. comm. 2015). 

 

The sample size was sufficient to allow statistically significant differences 

between tooth surfaces and the segments of those surfaces to be detected. 

Exclusion of possible confounding variables was done as much as was feasible: 

for example, the teeth were selected from 10 different dromedary camel skulls, 

and the only criteria utilised in selecting the specimens was that the teeth had 

intact, undamaged, and fully developed crowns. Teeth that had been damaged 

by caries, trauma, or tooth surface loss were excluded from consideration. 

 

4.10.4. The use of valid and reproducible methods  

 

Furthermore, the methodology must be valid and done in a proper scientific 

manner, by measuring what was to be measured in an accurate and 

reproducible manners. It is important to consider what are the possible 

methodological errors, and to exclude them. 

Some of the methods used in this study will be discussed here in this section. 

 

4.10.4.1. Cleaning animal bones 

There are several methods to clean animal bones from the associated soft 

tissues. It depends on what state the bones are in at the start.  It is preferable to 

leave the bones until have no soft tissue left, but that isn't always possible, 

especially if one is dealing with small animals where the bones are small and 

might get lost. 

 

A bone collector (McGowan-lowe, 2016) as well as forensic laboratories in 
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some universities (Sullivan and Romney, 1914; Nawrocki, 1997) have 

described the following methods to clean bones, and one can select the best 

method depending on the initial condition of the bone or skull: bones may be 

dry with no soft tissue, or have some residual flesh attached, or if the animal 

recently died. The methods available are as follows: 

 

1. Cleaning bones using biological washing powder: 

Biological washing powder that is used for cleaning clothes can be used in 

cleaning bones. Biological washing powder contains enzymes, which can 

break down fat and soft tissue. It should be added to hot or warm water (not 

boiling water) and steep the bones in it for a few days. Keeping the water 

warm over this time will help. After finishing, the bones should be rinsed well 

to prevent the enzymes from dissolving the hard tissues, and dried. 

This method is the one recommended by a number of museums. The 

benefit of it is that it is economical and easy to do. It is recommended when 

there is only a very small amount of soft tissue left, or none (McGowan-lowe, 

2016). 

 

2. Cleaning bones with hydrogen peroxide: 

Hydrogen peroxide is a chemical agent, which is used to bleach the bone 

without damaging it. It can be difficult to obtain in large quantities. One to 

two litres will be required for a small skull. It can be got in pharmacies and 

the highest concentration available is 12%, but lower concentrations of 9% 

and 6% are also available. Hydrogen peroxide at 12% is also known as "40-

strength". It comes in liquid and creme form, where the liquid version is 

much better than the creme version, because the latter tends to foam up 

after a while and overflow the container. 

 

Care must be taken when using hydrogen peroxide. Wearing gloves is 

essential. Water can be added if not enough is available. The skull or bone 

should be rinsed with water to remove any dirt or bugs. Then the bones or 
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skull should be placed in a clear plastic box, and covered with peroxide. The 

box should be covered at the top to confine the peroxide.  All the bones 

should be kept submerged in the solution with no air bubbles for a few days 

to a week. After taking the bones out, they should be rinsed well in cold 

water to avoid getting a white powder residue on the bones. The peroxide 

can be reused a few times especially if it has not been exposed to much air. 

In addition, the peroxide will work better in cleaning bones if it is kept at a 

warm temperature.  

 

The method of using hydrogen peroxide will not dissolve soft tissue or flesh, 

but it can soften the tissue to make it easier to remove. It is also useful for 

sterilising bone (McGowan-lowe, 2016). 

 

3. Cleaning bones with dermestid beetles (bug box): 

Dermestid beetles are beetles that eat dead flesh. Usually they are kept in 

special tanks in the anatomy departments, and kept warm and constantly 

fed with dead objects. They are quite small, smaller than a fingernail, but 

they can eat a big amount of flesh in a short period of time leaving the bone 

nice and clean (McGowan-lowe, 2016). 

 

There are several species of beetles in the genus Dermestes. They feed on 

dried flesh and can be very effective bone cleaners. There are the adult 

dermestid beetles and their larvae, and both of these feed on flesh, but the 

larvae are much more efficient bone cleaners as they consume a greater 

amount of flesh. To start a colony of beetles, a sufficient number of adult 

beetles must be collected from the decaying carcasses of vertebrates that 

have been exposed outdoors for a few days. It is advisable, when collecting 

dermestids to avoid the various fly larvae (“maggots”), because they will not 

do a sufficient job of cleaning skulls and can stain skulls sometimes. 

Dermestid beetle adults and larvae on carcasses are the ones advised to 

search for. Fly larvae or maggots are legless, a lighter color, and will not 
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have an obvious head. Dermestid larvae or “grubs” usually have three pairs 

of legs, a darker gray to almost black color, a rather fuzzy appearance and 

have an obvious head. Adult dermestids are 1/4" to 1/2" inch long, having 

gray to black color and may be mottled or banded (Sullivan and Romney, 

1914). 

 

This method using dermestids is good to clean bones of recently dead 

animals, as the beetles are excellent at leaving clean bone behind, but the 

flesh needs to be fresh for the best results. Also, it is an effective method for 

very small animals because the beetles leave just enough flesh for the 

skeleton still to be connected. For larger animals, removal of much of the 

flesh will be required so the middle parts don't start to rot by the time the 

beetles get to them. The temperature needs to be adjusted so that it would 

not be too cold that the beetles would not eat, and not too warm that the 

flesh will decompose too fast. Therefore, after fleshing out a skull, it should 

be placed in a cool, dry place until it dries — generally at least a day or two. 

After air drying, it can be placed in the “bug box”, which contains Dermestes, 

and be cleaned extremely well without any damage. However, if the skull is 

very small and fragile, e.g. bird skulls, it can be damaged if left in the “bug 

box” too long. Monitoring the progress periodically is essential. The time 

required to clean a skull by this method usually varies depending on the size 

of the skull, the size of the dermestid colony, and the temperature in the box. 

The time required can range from several hours for small skull to several 

weeks for larger skulls. The size of the box can be almost any container 

large enough to hold the skulls being cleaned. To prevent the beetles from 

escaping in an open top container, it should be tightly covered with screen 

or other material. Wooden boxes if used or constructed, tight joints should 

be provided to prevent beetles from escaping. In a completely closed 

container, air holes must be provided, and they must be covered with 

screen. An open bottle or pan of water should be placed in the box with the 

skull and beetles to provide humidity. To make the environment ideal for 
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beetle activity, it is advisable to place the skull and beetles in the box 

between layers of cotton or polyester batting to reduce the chance of 

infestation by carpet moths. The progress should be checked periodically. 

The best temperature for dermestids to be active is 80 ˚F.  The activity of the 

beetle will decrease significantly at very hot or very cold temperatures. A 

colony may be kept alive for quite some time, even if no skulls are available 

for the beetles to feed on, by feeding it dry dog food. The advantages of this 

method in cleaning skulls are that the teeth remain in their sockets and 

skulls usually are not damaged. However, the length of time required to 

complete the process is a disadvantage (Sullivan and Romney, 1914). 

 

4. Cleaning bones by burial: 

Burying a dead body is an easy and good method to clean bones. It is 

always preferable to leave the body above ground for a day or two in warm 

weather to allow flies laying eggs on the dead body, which make maggots to 

eat the flesh. 

 

For rabbit-sized or equivalent specimens it normally takes around 4-6 

months to remove most of the flesh. Weather and time of year may affect 

this time estimate. In summer and particularly in warm summer rainstorms, 

the heat will speed it up, whereas winter will freeze the body and slow it 

down.  

 

Larger animals will take a year or more to completely dissolve the fat and 

muscles on their bones, depending on their size and how big they are. It is 

advisable to skin, gut and remove as much flesh as possible from larger 

animals to help speed up the process.  

 

The skull should be placed in a cloth bag and wrapped by wire to keep the 

bones together and the wire should be attached securely to an overground 

object. This will help stop other animals moving the bones if they dug it up, 
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and will provide a guide on the exact location and depth of burial. The type 

of soil can affect the process, and if the animal was buried in the wrong type 

of soil, like sand or very wet soil, it can actually preserve the body. 

 

In this study, the investigator selected this method to clean up the 

dromedary camel skulls from skin, muscles, and fat. It is essential to use 

cloth bag and not a plastic bag to contain the head. One skull was placed in 

a plastic bag, and upon retrieval there was still some remnants of fat tissues 

on the skull with a very bad smell. Although this skull was cleaned later with 

a detergent, the smell remained.  

 

5. Leaving bones above ground to clean: 

Dead bodies usually rot down very well when left on the surface. It usually 

takes 3-8 months to have the bones clean from any muscles and fat. Nature 

is much better at cleaning bones than artificial methods. 

 

The problem with leaving bodies in the open is that they can be removed 

and get taken away either by animals or people. A good way is to leave 

them in wilderness areas in a wire mesh cage. The bones have to be 

washed later with biological washing powder. 

 

In addition, dead animals can be placed overground, but covered partly for 

example with an upturned flowerpot, with small gaps that only flies can get 

in, and that rots the soft tissues but keeps the bones relatively safe from 

predators. 

 

6. Cleaning bones in cold water (masceration): 

This is not a preferable method of cleaning bones, as rotting soft tissue in 

water can be very smelly.  
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Soaking dead bodies in cold water can get the body skeletonised but there 

can be still some remaining of tendons attached or muscles. The water 

softens the tendons and makes them easier to cut. 

 

However, maceration is a simple method and can work very well for most 

skulls. Maceration involve soaking the skull in water until all the remaining 

flesh has been removed. The time required to complete this process and 

remove all the flesh varies with the size of the skull and with the temperature 

of the water. 90˚F is the ideal water temperature.  It may take a few days to 

several weeks to clean a skull. The skinned head is placed in an appropriate 

sized container like a can, bucket or barrel, covered with water and left to 

stand. To de-grease the skull, about 2 tablespoons of an “enzyme” laundry 

detergent per gallon of water can be added. To counter the effect of 

evaporation more water can be added at intervals. To avoid losing teeth, the 

water should be poured off periodically through a sieve or wire screen to 

recover teeth that have loosened and fallen out of the skull and the skull 

replaced in fresh water. To accelerate the process, the softened flesh can 

be pulled or rinsed off. Finally, a toothbrush can be used to clean the skull, 

or even a dental pick or similar instrument. If the skulls are soaked outdoors, 

leaves, soot and other debris should be kept out of the water to avoid 

discoloration of the skulls from these contaminants. After removing all the 

remaining flesh, better to soak the skull in several changes of fresh water a 

couple of days to help in eliminating odour. After all the soaking, the skull 

should be left to dry thoroughly. The advantages of cold water maceration 

are the ease of the process and the low risk of damage to the skulls. The 

disadvantages are that it is smelly, very slow and chances of the teeth falling 

out is very high (Sullivan and Romney, 1914). 

 

7. Cleaning bones in hot water: 

This method is done by cutting off the fur, skin and most of the flesh, and 

simmer the dead body, but not boil it in a big pot of hot water until the flesh 
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falls off. This is generally not the best way to clean bones. It is messy and 

smelly procedure, but it is quick. Adding biological washing powder can help 

reducing the smell. A slow cooker can be used, leaving it overnight. 

 

The disadvantage from using this method in cleaning bones other the bad 

smell, is that it can dissolve the bones or making the skeleton to fall apart if 

left for too long.  Normally when using this method, it is better to leave it in 

the hot water for six hours, on medium temperature, and let it cool down 

slowly afterwards. 

 

In addition, in cases where the finished skull is to be measured for scientific 

purposes or to record a trophy, hot water maceration will likely cause some 

distortion of the skull and is therefore not recommended. The advantage of 

hot water maceration over cold water is that the process is much faster. 

(Sullivan and Romney, 1914). 

 

8. Cleaning bones by boiling: 

This is an unadvisable method, because it will make any fat present more 

fluid, so it can soak inside the actual bone, and when it cools the fat will be 

locked inside the bone. It is very smelly procedure, and the fat will come to 

the surface over time. In cases where this method was used, it is advisable 

to try using biological washing powder to get rid of the fat. 

 

However, cooking is simply a speeded-up process of maceration. When 

cooking skulls in water is done, it should be done carefully and the skull 

checked frequently. It should be done outdoors when possible. It has an 

advantage in destroying any disease-causing organisms in the skull, but 

rigorous boiling can damage skulls. The large, heavy skulls can be gently 

boiled and smaller, more delicate skulls should be gently simmered to 

prevent damage. The skull must be cooked in enough water to cover it 

entirely after removing most of the flesh and brain as described earlier. To 
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avoid contact with the heat source, the skull should be placed on a rack. A 

detergent containing enzymes can be added to the water, as described for 

cold water maceration, to help degrease the skulls more efficiently in the hot 

water. The skull should be checked frequently when cooking. Duration of 

this process can range from a few minutes to a several hours - again 

depending on the size and fragility of the skull. It is advisable when using 

this technique to remove as much flesh as possible, and cook for a short 

time, then remove the skull and clean off more of the tissue, and repeat this 

process until the skull is clean. Tying a string to the skull will facilitate pulling 

out the skull out of the water. It is relatively easy to remove the cooked flesh 

with a knife, scalpel, or pliers. It is important to check the cooking skull 

frequently, putting in mind that cooking the skull for too long can severely 

damage it (Sullivan and Romney, 1914; Nawrocki, 1997).  

 

9. Cleaning bones with bleach: 

This is also an unadvisable method as it damages the surface of the bone. 

Using hydrogen peroxide is better. 

 

From the methods listed above which can be used to clean bones, the fourth 

method was selected for this project, because it was the easiest and most 

acceptable way although it took long time to clean the dromedary camels’ 

skulls. The skulls were buried in a small area in the back garden of the 

investigator’s house for a period of 4-6 months.  

 

4.10.4.2. Magnification distortion 

Magnification distortion could have occurred while using the TV monitor screen 

from which tracings were made and ADJ lengths calculated. The possible errors 

could relate to the distortion or magnification of transmitted images. The 

monitor in the photomicroscope used in these studies was carefully assessed to 

determine the possibility of these types of errors occurring. The monitor had a 

flat screen, and the position of the specimen under inspection was carefully 
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adjusted so that the transmitted image was at the center, and not at the 

periphery of the screen. An image distortion test was conducted at the 

beginning of this research, which showed that no significant distortion of images 

was evident (Table 3, Fig. 34). In addition, the monitor had been successfully 

and routinely utilised in previous stereology and histology research projects 

within the University.  For the magnification of images, the magnification 

correction factors were calculated and applied to all measurements made such 

as the ADJ, EES and teeth measurements, as described in the Materials and 

Methods chapter. 

 

 

4.10.4.3. ADJ lengths calculation 

There are several techniques available to measure a curved boundary such as 

the calculation of ADJ lengths in this project. These techniques include using 

millimetre grids, pieces of wire or string, or using commercial software 

packages. In this research, the use of a length of dental floss was selected for 

measuring the ADJ length on the acetate tracings. This decision was made 

following the technique used in the research done by Lynch (1997a) on human 

teeth, and from which the idea for this project came. Looking at the technique of 

using a string or floss for similar measurements, the problems of measuring 

curved lines in images of histological preparations in a pre-digital age were 

reviewed before by Moran (Moran, 1966). It was found to be particularly 

appropriate and is still widely used for measuring relatively gentle curves, such 

as the magnified image of the ADJ (Lynch, 2007a)  even with the availability of 

image analysing software. Some of the evidence in the literature demonstrated 

the accuracy of measuring more complex curved structures, such as plant 

roots, with curved pieces of wire, and found it to be within 1.5% of that achieved 

with computer software (Kimura et al., 1999). It seems that the use of curved 

pieces of wire, or string, is still the standard against which more novel 

techniques are compared. Automated measuring devices are useful where 

large volumes of work must be processed quickly, but the traditional methods 
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remain popular where relatively small numbers of simple measurements are 

required (Lynch, 2007a). the accuracy of digital linear measurements depends 

in part on the quality of the algorithm employed. The inherent error in this 

technique tends to produce a figure that is greater than the actual length being 

measured, with one extreme estimate of such overestimations being in excess 

of 40% (Kimura et al., 1999). The use of digitizer-based and automatic image-

analysing systems is acceptable in the more sophisticated three-dimensional 

extrapolation from two-dimensional images, but in simpler stereological studies 

the researchers generally still rely on transparent overlays of hand-drawn grids 

or lines (Silage and Gil, 1988; Mayhew, 1991; Howard and Reed, 1998). In 

another study investigating the choice between manual image analysis and a 

series of computerised image analysis programmes. The authors concluded 

that the “manual method [of image analysis] is time consuming and laborious; 

however, it is likely to give a more accurate measurement than any previous 

proposed method” (Boyles et al., 2007). 

 

In the present study, a piece of floss was used to measure the ADJ length, 

making sure it was used in a precise and careful manner.  

 

 

4.10.4.4. ADJ measurements and HSBs counting 

To avoid the occurrence of observer error in the ADJ measurements and the 

counting of HSBs, the investigator was fully trained, and observed in the use of 

the laboratory equipment, the measurement of the ADJ, and the counting of 

HSBs. Specific criteria and conventions were applied and followed to the 

counting of HSBs, including so-called ‘borderline cases’, which are HSBs that 

are intercepted by a segment boundary as described earlier in the Materials 

and Methods section. In addition, a reproducibility test was performed at the 

start of the experiment. In this test, HSB counts in randomly-selected 

specimens were repeated at intervals during the investigation. Variations are 

reported in Tables 6, Fig.56, which showed that the reproducibility of HSB 
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counts can have a difference ranging from 2-12 bands per segment, a variation 

of up to 14%, which was considered acceptable given the fact that it is difficult 

to count these bands in the enamel with absolute precision. 

 

A further methodological error can occur while making the composite images of 

camel teeth on PowerPoint slides. The investigator was trained at RCSI on how 

to do these images, and extra care was taken in each image to allocate the 

images taken under the microscope. As was described in the materials and 

methods section, each specimen was mounted on a glass slide parallel to the 

horizontal surface, and surrounded by piece of plasticine, which was scaled by 

drawing lines using a black ball point pen to facilitate relocation and matching of 

the images into the PowerPoint slide.  A preliminary study was done on this 

method to demonstrate the appearance and accuracy of HSB counting and this 

showed acceptable results.  

 

 

4.10.5. Results should be reported appropriately, within the  

              limitations of the methodology used 

 

It is essential that the results are reported in the context of the methods used in 

their collection. In this investigation, the ADJ lengths were measured using 

dental floss and a centimetre ruler. These measurements were done on 

enlarged images in a PowerPoint slide for each tooth. The magnification factor 

was calculated carefully as described in the Materials and Methods section 2.9, 

2.9.3 and illustrated in the Results chapter in Table 7a, b. The ‘level of 

precision’ for this method will then be one centimetre. In the tables of results, 

mean values are reported, and the results are given correct to one-tenth of a 

centimeter (Tables 8, 11, 4,17). It is standard practice in stereological 

investigations to report the results in this fashion (Lynch, 2007a; Howard and 

Reed, 1998). An excessive level of precision should be avoided because it 
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amounts to ‘spurious precision’, where the ‘preciseness’ of the value reported 

grossly exceeds the level of precision of the measuring instrument.  

 

 

4.10.6. The appropriate statistical tests must be selected and  

              reported 

 

 The one-way analysis of variance (ANOVA) (Sokal and Rolf, 1995) is used to 

determine whether there are any statistically significant differences between the 

means of three or more independent groups. In this study, Analysis of Variance 

(ANOVA) with t-tests were used to detect statistically significant differences 

between the groups. ANOVA is a statistical tool that is powerful and reliable. Its 

use was appropriate to this project because every time a t-test is conducted 

there is a chance to make a Type I error. This error is usually 5%. By running 

two t-tests on the same data will result in increasing the chance of "making a 

mistake" to 10%. The formula for determining the new error rate for multiple t-

tests is not as simple as multiplying 5% by the number of tests. However, when 

making a few multiple comparisons, the results are very similar. Therefore, 

three t-tests would be 15% (actually, 14.3%) and so on, and these are 

unacceptable errors. Therefore, an ANOVA will control these errors so that the 

Type I error remains at 5% and there will be more confident that any statistically 

significant result is not just due to running lots of tests. 

 

There are three main assumptions for the use of ANOVA, as follows: 

 

• The dependent variable or the data being tested are normally distributed; 

• Independence of observations; there is no interaction between the groups 

being tested,  

• There is homogeneity of variances. This means that the population 

variances in each group are equal. In this study, SPSS Statistics was used, 
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which automatically include Levene's Test for Homogeneity of Variances in 

the output when running a one-way ANOVA in SPSS Statistics 

 

Each of the variables in the study were assessed by performing standard tests, 

and appropriate adjustments were made where necessary. To avoid an 

unwieldy number of comparisons, each of the axial surface segments were 

combined within tooth groups when the differences in mean HSB packing 

densities were being tested (Lynch, 2007a).  

 

4.10.7. The conclusions should be derived based on the results of  

             the study performed. 

 

The conclusion should be based solely on the results and information collected 

during the experiment in order to be valid. In this project, based on the data and 

images collected, the presence of HSBs in the enamel of dromedary camel 

teeth was confirmed. The arrangement of the HSBs within the tooth crown is 

quite complex. The results can be reconciled with the findings of previous 

investigators on human teeth (Osborn, 1973; Lynch, 2007a) despite differences 

in their appearance and distribution. On the basis of the observations within the 

tooth group examined, the morphology of the camel dentition is more complex 

than that of human teeth.  
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5. CONCLUSION 

 

This project has reviewed the anatomy of the skull, and the superficial muscles 

of mastication, described the tooth morphology, and described the appearance 

and quantified the distribution of HSBs in a representative sample of the of 

Camelus dromedarius teeth. Significant findings of note include: 

 

• The morphology of dromedary camel teeth is more complex than human 

teeth. Dromedary camels have two sets of teeth primary and permanent, 

consisting both of incisors, canines and cheek teeth. A simple charting 

system was developed to facilitate identifying the individual teeth. 

 

• The masseter muscle of dromedary camel is a large multi-pennate cruciate 

muscle, the largest of the muscles of mastication, and it functions both as a 

protractor of considerable strength as well as an elevator of the mandible, 

and with unilateral contraction of the masseter may produce a much greater 

lateral deviation of the mandible than is possible in the equivalent human 

situation.  The temporalis is fan-shaped, comparatively small and fleshy, and 

like the masseter it is a cruciate muscle and so it also functions as a rotator 

capable of generating pronounced lateral deviations. The movements of 

mandibular elevation, retraction and deviation are easily observed and are a 

frequent and obvious component of the pattern of jaw movement. The 

musculature is ideally formed to facilitate this. 

 

• The Hunterian museum at the Royal College of Surgeons England, 

contains a small collection of dromedary camel skulls that originated from 

Egypt and Somaliland, with primary and permanent teeth. From 
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examining this collection, it was noted that permanent teeth of Camelus 

dromedarius are quite similar to those of the primary dentition, with the 

permanent incisors being wider than their successors. Sexual dimorphism 

is very obvious in the maxillary canines in the adult dromedary camel 

skull.  

 

• Considerable tooth wear is present in the teeth of dromedary camel, both 

in the primary and in the permanent dentition, which can be related to the 

diet and jaw movements of the camel. 

 

• HSBs are prominent in the enamel of dromedary camels. They are finely 

controlled in the course of development and non-random in their occurrence. 

The appearance of HSBs in these non-human mammals is similar to that in 

the human dentition, where either a straight (transverse) or curved 

orientation of HSBs are present and in three dimensions the HSBs appear 

as unbranched or branched features. 

 

• HSBs patterns in the non-human mammalian dentition including dromedary 

camels are thought to have arisen because of dietary and biomechanical 

demands, and they function to reduce stress and abrasion in tooth enamel. 

 

• HSB patterns have evolved to optimise resistance to abrasion and tooth 

fracture. This investigation on dromedary camel teeth supports the results of 

earlier investigations carried out on HSB patterns in human teeth. It is clear 

that some aspects of HSB packing densities and distributions in veterinary 

dentistry have beneficial roles in clinical techniques such as enamel 

bonding. Some other conditions including abfraction and cracked tooth 

syndrome are passively facilitated by HSB distributions and patterns. Finally, 

one of the benefits of these HSBs is that they can be used in the future for 

personal identification. 
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• HSBs do exist in the tooth enamel of the anterior teeth of dromedary camels 

and with same appearance, and variation in the distribution of their packing 

densities in different areas. Increased HSB densities were found in regions 

subjected to occlusal and functional loading; 

 

• Despite the complexity of the camel teeth morphology, and their big size in 

comparison to human teeth, the appearance of the HSBs is quite similar in 

both mammals; 

 

• Acid etching the enamel surface of dromedary camel teeth does not change 

the number of HSBs, but it improves their appearance and increases the 

width of the dark bands; 

 

• The immersion of teeth in Coca-Cola acidic drink does not change the 

number of HSBs, but it has the useful effect of enhancing their appearance 

and increasing the width of the dark bands. 

 

 

Future plans and research topics: 

• Publish the results of my research 

• Investigate HSBs in the posterior teeth of dromedary camels 

• Investigate HSBs in the adult teeth of dromedary camels 

• Investigate the strength and the components of dental enamel in 

dromedary camels 

• Investigate HSBs in the teeth of other camelids such as the Bactrain 

camels, and the South American camels. 
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APPENDICES 

 

The Appendix to this thesis includes the following: 

 

 

1. a reproduction of ‘Beiträge zur Geschichte der Zähne’ 

by D. Schreger, 1800; 

 

2. a reproduction of ‘Sur les dents’ by G. P. De la Hire, 1732; 
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