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Just as people are individuals and have unique features and 
personalities—including even identical twins—teeth are 
similarly unique. Each tooth is specific to a person. Teeth 
exist within a complex mastication system that consists 
of bones, soft tissues, muscles, ligaments, and nerves, and 

perform a vital function by allowing people to chew and eat. Teeth 
also have a significant esthetic component, especially evident when 
one smiles. 

In recent years digital dentistry and computer-assisted design/
computer-assisted manufacturing (CAD/CAM) have added new 
dimensions for the dental professional, including both dentists 
and laboratory technicians. However, the need to understand the 
fundamentals of anatomy, form, occlusion, and color science re-
mains imperative. For dental professionals, understanding and 
mastering these fundamental concepts can be a lifelong learning 
process. The fact that each person and each tooth is unique makes 
this study a continual endeavor.

The US dental laboratory profession is experiencing a severe 
shortage of educated and trained dental technicians.1 Many 
laboratories are relying on CAD/CAM technology to offset this 

shortcoming. In some cases, the machinery is able to compensate 
for this deficiency. Many laboratories have segmented the process 
of creating a restoration into small steps in an effort to become 
more productive and profitable. In many cases the dental techni-
cian has become a step worker with little knowledge of the overall 
process. Laboratories are recruiting employees with technology 
interests who may not necessarily have any dental background. The 
technology has even enabled dental assistants to make restorations 
chairside, completely bypassing the dental laboratory. Technology 
has also made it possible to produce a restoration with little or no 
knowledge of why a tooth looks the way it does or why a tooth needs 
to be in a certain shape to function properly within the mastication 
system. These restorations appear toothlike but may be far from 
ideal. Thus, there is a great need to study and understand real teeth.

In this article, the size, shape, composition, and appearance of 
maxillary anterior teeth will be discussed from esthetic and func-
tional perspectives. A total of 600 extracted maxillary incisors were 
studied: 200 each of central incisors, lateral incisors, and cuspids. 
The purpose of the article is to exhibit and discuss what makes 
teeth so unique and diverse.
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Methods
During the process of this study, the author cleaned, photographed, 
and measured 600 teeth. Mesial distal crown width, labial lingual 
crown width, crown length, and overall tooth length were measured 
and recorded to the hundredths with digital calipers. Of the 600 
teeth, 192 were photographed from four perspectives: facial, lingual, 
side, and occlusal. Labial and lingual photographs were taken in 
color. Labial/lingual photographs are displayed together to show 
how the lingual aspect can affect the shape of the incisal aspect. 
The labial/lingual images were made from separate images and 
combined using Photoshop. Side and occlusal views are displayed 
in black and white to put the focus on shape. All teeth were photo-
graphed with a dual-point source flash in a light box. The labial and 
lingual images were also photographed using cross-polarization to 
highlight internal color characteristics. Due to the vast number of 
photographs, only a select few are included in this article. 

Anterior Tooth Size 
Tooth measurements with histograms were taken (visit dentalaegis.
com/go/cced953 to view the tooth measurements). A steep nar-
row histogram represented a similarity among tooth samples. For 
all tooth samples, there was a greater variety of overall length and 
crown length as compared to the mesial/distal and labial/lingual 
widths. Because the teeth were extracted, it was impossible to tell 
if this variety in length was due to incisal wear. The mesial/distal 
and labial/lingual measurements were nearly the same, making the 
teeth almost square in those dimensions. When viewing the tooth 
measurements (in the online graph), a blue vertical line represents 
the mean measurement, while a shaded area is one standard de-
viation. The measurements from these 600 maxillary incisors are 
similar to measurements reported by Woelfel2 taken in the 1970s. 

Figure 1 through Figure 3 show each tooth as represented in the 
histograms. The tooth in the middle of each set of these figures is 
the exact mean (and would be represented by the blue lines in the 
histograms). The left and right tooth in each set represents one 
exact standard deviation from the mean. From these images, the 
wide variety of tooth sizes and shapes that could be considered 
within normal measurements is evident, as these teeth are one 
standard deviation from the mean. 

How Functional Component Affects Tooth Shape
Anterior teeth are part of a complex chewing system, and the shapes 
of teeth play a role within this system. Often when people consider 
the shape of anterior teeth they refer to the incisal edge. More ac-
curately, anterior teeth have an incisal ridge.3 This ridge consists 
of the labial incisal edge (Figure 4, red lines) and the lingual incisal 
edge (Figure 4, blue lines). These two edges form the boundaries 
of the incisal ridge. The lingual edge, which is often ignored, is the 
functional component that is dictated by the mandibular incisors 
and by how the patient chews. The labial edge is the esthetic incisal 
edge that is seen when a person speaks or smiles.

During chewing, the maxillae is stationary and the mandible moves. 
Described in Posselt’s Physiology of Occlusion and Rehabilitation in 
1962,4 this envelope of mandibular movement is primarily dictated 
by the bones, muscles, and ligaments of the temporomandibular joint 

Fig 1. 

Fig 2. 

Fig 3. 

Fig 1. Standard	deviation,	central	incisors.	Fig 2. Standard	deviation,	
lateral	incisors.	Fig 3. Standard	deviation,	cuspids.	
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(TMJ). Dawson described how the teeth must work in an envelope of 
function within the mandibular movement.5 How the teeth occlude 
will influence their shape. The subject of countless theories, text-
books, seminars, academies, and study clubs, the science of occlusion 
is complex. Kois described this complex chewing system using three 

“P’s”: position, place, and pathway.6 
The pathway, or how the teeth come together, is determined by the 

position of the mandible. The mandible’s position is determined by 
the bones, joints, muscles, and ligaments of the TMJ. The pathway 
the teeth take during chewing is partially defined by how the man-
dibular incisors function against the lingual surface of the maxillary 
incisors. The maxillary lingual incisal edge is the most critical part 
of the ridge (Figure 4) with regard to function. This lingual edge 
cannot be ignored or placed arbitrarily without consideration of 
the lower teeth. When the mandible closes during chewing, the 
lingual incisal edge of the maxillary teeth must not interfere with 
the pathway of the lower teeth. The labial incisal edge is the esthetic 
edge because it is what people see when a person smiles and talks. 
The location, or place, of the labial edge is mostly determined by 
facial esthetics and phonetics. The labial edge can be lengthened 
or moved as long as it does not affect function with the lower teeth, 
speech, and facial esthetics. 
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In an ideal situation the mandibular teeth work in harmony with 
the maxillary teeth. Different shapes and sizes of teeth cannot be 
interchanged without careful consideration of how the teeth will 
function within the chewing system. When restoring teeth, the 
lingual incisal edge must be considered for functional reasons prior 
to creating the labial incisal edge.

Optical Properties of Teeth
In order to understand the appearance of teeth, it is important 
to understand color, light, and how human beings see. Chu et al7 
has provided a thorough explanation of how light and color affect 
teeth and restorative materials. An understanding of these topics 
will enable dental professionals to better mimic teeth when mak-
ing restorations and allow them to utilize a material’s strengths 
while recognizing and overcoming its weaknesses when choosing 
a restorative material.

Visible light is a form of electromagnetic energy.8 The electro-
magnetic energy spectrum ranges from cosmic waves to alternating 
current (A/C), and in the middle of the spectrum is a small portion 
known as visible light. The light that humans see is composed of 
different wavelengths, with the shortest visible light wavelength 
being violet (380 nm) and the longest being red light (700 nm). 

Fig 5. Fig 4. 

Fig 7. Fig 6. 

Fig 4.	Incisal	ridge.	Fig 5.	Diffuse	reflection	(left);	mirror	reflection	(right).	Fig 6.	The	infinite	variability	of	enamel	surface	texture.	Fig 7. Refracted	light.
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Wavelengths smaller than 380 nm and longer than 700 nm are not 
in the visible spectrum. Microwave and x-ray energy are just two 
examples of invisible electromagnetic energy. 

When the wavelengths of light strike an object, they are viewed 
with the eye and recognized as a specific color in the brain. The type 
of light and composition of the object will dictate the color. This is 
why it is critical to understand color, light, tooth structure, and the 
composition of restorative materials.

White light has equal amounts of each wavelength within the 
visible spectrum.9 Light travels in a straight line and strikes an 
object at the angle of incidence. What happens to that light when 
it strikes the object depends on the type of light, the surface texture 
of the object, and the composition of the medium it is striking. All 
objects have different amounts of opacity, translucency, or trans-
parency. The light will reflect back from completely opaque objects 
and pass through completely transparent objects. For translucent 
objects such as teeth, light will both reflect and pass through. This 
type of light is called refracted light. The way the light reacts within 
the medium is called scattering. To understand how light affects 
the appearance of teeth requires an understanding of reflected, 
refracted, and scattered light.

Reflected light—Reflected light enters the eye and hits the light-
sensitive retina at the back of the eye. The retina contains rods and 
cones. The rods are responsible for vision at low light levels and do 
not determine color. The cones are responsible for a person’s color 
vision. Most people have 6 to 7 million cones that are concentrated 
on a 0.3-mm spot of the retina called the fovea centralis. 

There are different types of reflected lights. A mirror reflection 
or specular reflection has the same angle of reflection as the angle 
of incidence (Figure 5). The surface texture of teeth is highly ir-
regular (Figure 6) and will produce a diffuse reflection. A smooth 
flat surface will produce a mirror reflection (Figure 5). Enamel 
surface texture varies greatly and affects the appearance of the 
teeth. Two restorations made from the same material may appear 
differently depending on the diffuse reflection. Surface texture on 
monolithic restorations is harder to control, which makes control-
ling the appearance more difficult.

Refracted light—As incident light traveling through space strikes 
a translucent object such as a tooth, it slows down and bends 
(Figure 7). Refracted light can be measured. The difference be-
tween the speed of light in a vacuum and the speed of light in a 
medium is called the index of refraction. This is explained by the 
equation n=c÷v, where “c” is the speed of light in a vacuum and “v” 
is the speed of light in a medium. The index of refraction for air is 
1.0003; in contrast, the refractive index for a very dense material 
like a diamond is a much higher 2.4.10

Scattered light—Light travels through a material in different ways, 
depending on the structure of the material. The light scattering 
within the material will depend on the material’s composition and 
the type of light. If the light is passing through a homogenous mate-
rial, the light scattering will be consistent and predictable. Clear 
water, for example, has a very predictable and consistent structure. 
Its refractive index is 1.33. Not all translucent materials, however, 
are homogenous, or predictable. The refracted index alone is not 
the only factor. The scattering of light within a tooth will be highly 

irregular. Light will take an irregular path because of the composi-
tion of the tooth, the matrix (water), and the distance between these 
components. Some materials have more complex structures and 
matrices. Even air within the matrix will affect the scattering. The 
human tooth is a combination of liquid (water) and solids (enamel 
and dentin) as described below (in “Tooth Composition”). The 
solid portion of the tooth is a combination of several crystalline 
sizes and shapes in an aqueous matrix. The composition of teeth 
will scatter light in different ways because they are composed of a 
variety of different materials, each having its own refractive index. 

Restorative dental materials have physical and optical proper-
ties that attempt to mimic the properties of teeth. Many modern 
monolithic ceramic materials have defined predictable crystalline 
structures that do not scatter light in the same way as a natural 
tooth. To compensate for this esthetic deficiency, a dental techni-
cian must layer different colors and opacities of material. Light 
scattering within homogenous monolithic materials makes the 
replication of teeth nearly impossible. In Figure 8 the natural 
tooth section on the right is 0.55 mm thick. From this cross-sec-
tion it is easy to see the optical complexities of tooth structure. 

Fig 8. 

Fig 10. 

Fig 8.	Cross-sections:	feldspathic	(left);	zirconia	(center);	natural	tooth	
(right).	Fig 9. Tooth	composition:	pulp	chamber	(pc);	enamel	(e);	den-
tin	(d);	cemento-enamel	junction	(cej);	cementum	(c).	Fig 10.	SEms:	
lithium	disilicate	(upper	left);	zirconia	(upper	right);	enamel	(lower	
left);	dentin	(lower	right).

Fig 9. 
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The feldspathic ceramic cross-section on the left is 1.5 mm thick 
(Figure 8). This cross-section shows the different layers of mate-
rial that are necessary to mimic natural teeth. The sample in the 
center of Figure 8 is a replica of the left sample. It is made from 
monolithic zirconia. The zirconia cross-section shows the optical 
challenges a dental technician faces when using this material to 
match teeth. Monolithic materials have gained in popularity but 
present substantial esthetic challenges.

Tooth Composition
The composition of teeth can be seen in Figure 9. The coronal aspect 
of the tooth is comprised of the pulp chamber, dentin, and enamel, 
while the root portion of the tooth consists of cementum, dentin, 
and the pulp canal. For the purpose of this article the cementum 
and pulp will not be discussed.

Enamel and dentin each has its own unique esthetic and mechan-
ical properties. The outer portion of the tooth is covered by enamel, 
the hardest substance in the body.9,11,12 Enamel is highly mineralized, 
containing 96% to 98% inorganic substance. The most abundant 
mineral component (90%) is hydroxyapatite. Jenkins13 described 
enamel with 87% hydroxyapatite and 11% water. Kraus et al14 said 
enamel is made up of 90% hydroxyapatite and 4% water. Although 
the percentages differ, it is important to note that the enamel hard 
tissue is comprised partially of water. The layer of the tooth directly 
beneath the enamel is dentin, which is softer and more flexible 
than enamel. It is also similar to, yet harder than, bone15 and is 

Fig 11. Enamel	and	dentin.	Fig 12. Enamel	only.	Fig 13. Two	different	teeth	with	similar	color	(A2	shade	guide	in	center).	Fig 14. Dentin	and	enamel	
removed	(same	teeth	as	in	Fig	13).

Fig 13. Fig 14. 

Fig 11. Fig 12. 

comprised of 75% inorganic material and 20% organic material 
(mainly dentinal collagen). The remaining 5% is water and other 
materials.14 These are living tissues that are not static. 

When people eat, their teeth move, flex, expand, and contract. 
Separately, these two materials—dentin and enamel—would not 
hold up to the stresses of the oral environment. Combined, their 
properties are quite extraordinary. The stiff outer enamel shell 
protects the softer, more flexible dentin core. This can be explained 
by the modulus of elasticity, which is the measure of an object’s 
ability to resist deformation when a force is applied to it. A stiffer 
material will have a higher elastic modulus. Enamel has an elastic 
modulus of roughly 80 GPa, while dentin has an elastic modulus 
of approximately 14 GPa.16,17 By comparison, zirconium dioxide 
(ZrO2), or zirconia, has an elastic modulus of 138 GPa; iron, 197 
GPa; and diamond, 1035 GPa.18

The critical mechanical properties of lithium disilicate, zirconia, 
enamel, and dentin also provide these structures with unique opti-
cal properties.17,19 Scanning electron microscopes (SEMs) of these 
materials (Figure 10) along with the tooth cross-section images 
(Figure 9) make it apparent that light will reflect, refract, and scatter 
differently for each material. According to ten Bosch and Coops,20 
when incident light strikes a tooth it scatters sidewards through the 
enamel from one to several millimeters. The enamel itself, as seen 
in Figure 11 through Figure 14, primarily acts to scatter light in the 
blue wavelength range. Very little color comes from the enamel, but 
the hydroxyapatite crystals perform a crucial esthetic function by 
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scattering light. Scattering and absorption of light is much stronger 
within the dentin. The dentin is the predominant determinant of 
tooth color as seen in Figure 6 through Figure 9 and described by 
Zijp and ten Bosch.20

Figure 11 shows a cutaway of a posterior tooth, depicting the 
optical properties of dentin and enamel. Figure 12 is a central inci-
sor with the dentin removed. Figure 13 shows two different teeth 
that have a similar color compared to an A2 shade guide. In Figure 
14, the same two teeth as in Figure 13 are shown. Dentin has been 
removed from the tooth on the left, and enamel has been removed 
from the tooth on the right. It is evident from these images that the 
majority of the color comes from the inside layer of dentin.21 Very 
little color emanates from the enamel. The enamel acts primarily 
as a filter, or a scatterer, in terms of esthetics.20

Shape and Appearance
As previously explained, teeth shape and appearance are dictated by 
the anatomy of surrounding tissues, function, and tooth composi-
tion. The photographic element of this study provides an intimate 
appreciation of the diversity of teeth in terms of colors, shapes, and 
characteristics. The assorted images show the vast variety of shape 
and color. Figure 15 through Figure 17 show facial and lingual views, 
while Figure 18 through Figure 20 are captured using cross-polar-
ization. Cross-polarization eliminates reflections and concentrates 
solely on color. Side and occlusal views are shown in black and 
white in Figure 21 through Figure 23 to highlight the shape of the 
teeth. These are the same teeth used in Figure 1 through Figure 3. 

Discussion
Tooth shape and color is complicated, diverse, and fascinating. In an 
effort to elucidate it, and perhaps make learning easier, many text-
books have endeavored to highlight the commonalities of teeth.22 

For example, some textbooks state central incisors are 10.5 mm 
long and 8.5 mm wide.2,23,24 Texts may show that central incisors 
have three mamelons and a white halo.23 Some textbooks use art-
ists’ drawings that depict the author’s ideal shape of a tooth. With 
the increased popularity of CAD/CAM, it has become possible to 
choose a tooth shape from an artificial digital library. The techni-
cian simply picks a tooth from the library, makes it fit the empty 
space, and pushes a button. Then, either the restoration is colored 
with metallic oxides on the outside, or a small layer of veneering 
porcelain is added over the monolithic structure. 

In reality, teeth have as many unique characteristics as they have 
commonalities. It is important to know and understand these com-
monalities, and they should be viewed as a good starting point—and 
not an ending point—when dentists and dental technicians restore 
teeth. With new materials being constantly developed, dental pro-
fessionals must compensate by honing new skills to work with 
such materials. 

Conclusion
Teeth play a vital role in people’s physical and emotional livelihood. 
As demonstrated in this study, in addition to the similarities among 
teeth, there is an immense diversity of teeth. Just like people, teeth 
have unique characteristics and individuality. Understanding this 

Fig 15. 

Fig 16. 

Fig 17. 

Fig 15. Central	incisors:	facial	and	lingual	views.	Fig 16.	Lateral	incisors:	
facial	and	lingual	views.	Fig 17. Cuspids:	facial	and	lingual	views.
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allows dental professionals to more effectively create esthetic res-
torations for patients. 
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Characteristics of Teeth: A Review of Size, Shape, Composition, and Appearance of  
Maxillary Anterior Teeth
Steve McGowan, CDT

1. With the uS dental laboratory profession experiencing a shortage  
 of educated and trained dental technicians, many laboratories are  
 relying on:
	 A.	 Photoshop.
	 B.	 CAD/CAm	technology.
	 C.	 more	digital	photography.
	 D.	 cross-polarization.

2. The incisal ridge of anterior teeth consists of:
	 A.	 the	labial	incisal	edge	and	the	lingual	incisal	edge.
	 B.	 the	labial	incisal	edge	only.
	 C.	 the	lingual	incisal	edge	only.
	 D.	 the	cemento-enamel	junction.

3. The envelope of mandibular movement is primarily dictated by  
 the bones, muscles, and ligaments of the:
	 A.	 temporomandibular	joint	(TmJ).
	 B.	 lingual	frenulum.
	 C.	 lower	jaw.
	 D.	 nasal	cavity.

4. Kois described the complex chewing system using three “P’s”:  
 position, place, and:
	 A.	 pathway.
	 B.	 polarization.
	 C.	 penetration.
	 D.	 phonetics.

5. When restoring teeth, prior to creating the labial incisal edge, the  
 lingual incisal edge must be considered for:
	 A.	 esthetic	purposes.
	 B.	 light	permeability.
	 C.	 functional	reasons.
	 D.	 electromagnetic	energy.

6. For translucent objects such as teeth, light will:
	 A.	 reflect	only.
	 B.	 pass	through	only.
	 C.	 both	reflect	and	pass	through.
	 D.	 none	of	the	above

7. The scattering of light within a tooth will be:
	 A.	 very	consistent.
	 B.	 highly	predictable.
	 C.	 highly	irregular.
	 D.	 A	and	B

8. Many monolithic ceramic materials have defined predictable  
 crystalline structures that:
	 A.	 have	no	esthetic	deficiencies.
	 B.	 easily	replicate	teeth.
	 C.	 scatter	light	precisely	the	same	way	as	a	natural	tooth.
	 D.	 do	not	scatter	light	in	the	same	way	as	a	natural	tooth.

9. What is the measure of an object’s ability to resist deformation  
 when a force is applied to it?
	 A.	 index	of	refraction
	 B.	 modulus	of	elasticity
	 C.	 envelope	of	mandibular	movement
	 D.	 light	scattering

10. The majority of the color of a tooth comes from the layer of:
	 A.	 dentin.
	 B.	 enamel.
	 C.	 cementum.
	 D.	 biofilm.
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