Diagnosis of Pigmentations of the Oral Tissues*

by E. CHERASKIN, M.D., D.M.D.,** Birmingham, Alsbama

edge of the significance of pigmen-

tation of the oral tissues hinges
upon: (1) a definition of pigmentation,
(2) an appreciation of physiologic pigmen-
tation, and (3) a logical system for con-
sidering the various pathologic factors
which produce oral pigmentation.

i
ﬁ RATIONAL and practical knowl-

DEFINITION

An examination of almost any medical
and lay dictionary':2 discloses that the term
pigmentation signifies the deposition of
coloring matter. It follows from this defi-
nition that there is a difference between
oral pigmentation and oral color. The color
of the teeth and oral mucosa is the hue
which results from the deposition of
various coloring matters plus the color
contribution of the subjacent circulating
blood in the vascular system. The yard-
stick to be used in this report will be based
on the more restricted definition. In other
words, only those conditions will be dis-
cussed which result from the deposition of
coloring matter in the hard or soft tissues
of the oral cavity.

Under so-called normal conditions, pig-
ments are present in the oral tissues which
contribute to physiologic pigmentation
and to the different hues encountered in
the mouth. The problem of physiologic pig-
mentation may be divided conveniently
into two categories: (1) the dental tissues,
and (2) the soft tissues.

DENTAL TISSUES

Different teeth and different portions of
the same tooth vary in hue because of the
relative presence and absence of pigments.?

**Professor and Chairman, Section on Oral Medi-
cine, University of Alabama School of Dentistry,
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For example, the maxillary central incisor
is the lightest tooth in the mouth. In other
words, this upper anterior tooth approaches
white more closely than any of the other
teeth in the arch. In addition, the incisal
third of the maxillary central incisor is the
lightest portion of the crown of the tooth.
On the other hand, the cervical third of
the tooth is darkest. In general, the maxil-
lary lateral incisor is slightly darker than
the central incisor. Also, as in the case of
the central incisor, the incisal third is
lightest and the cervical third darkest. As
one proceeds posteriorly, the teeth become
darker and the incisal or morsal third is
generally the lightest portion of the crown.
The same pattern exists in the lower jaw
with the exception .that the mandibular
lateral incisor is usually slightly lighter
than the central incisor. Still, the posterior
progression to darkness and the darkening
cervicalward on each tooth prevail.

The consensus is that the color of the
natural teeth is some shade of yellow due
principally to the translucency of the
enamel and the pigment content of the
dentin. Thus, the incisal third of the maxil-
lary central incisor looks relatively white
because there is very little subjacent dentin
to contribute the yellow cast and the bulk
of enamel - incisally is greatest. On the
other hand, the thickness of the enamel
at or near the neck of the tooth is rela-
tively narrow and there is considerable
dentin beneath the thin enamel layer.

SOFT TISSUES

The color of the soft tissues of the
mouth is the result of the product of a
different set of circumstances. In the first
place, the cytoarchitecture of different mu-
cosal areas is quite distinct. In general,
three different types of mucosa are pres-
ent.?

*Presented at the First Symposium on Oral Pigmentation, Veterans Administration Hospital, Tuskegee,

Alsbama, on 20 November, 1959.
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Lining Mucosa: The first is strictly a
lining mucosa. It is very thin, minimally
hornified, and very delicate. This is the
mucosa which can be observed in areas of
the oral cavity which are normally under
relatively little mechanical trauma. Thus,
one can observe this type of lining mucosa
in the buccal area, sublingual space, and
the soft palate. In general, lining mucosa
is more pink or red than other mucosal
zones because of the thinness of the lining
wall and the relative nearness of the sub-
jacent vessels to the surface. Color, then,
is a function to a large degree of the
amount of reduced or oxygenated hemo-
globin circulating in the subepithelial
blood vessels. Since such color change is
not due to the deposition of coloring
matter, it will not receive attention in this
report. Pigments can and do normally
occur in the tissues of the lining mucosa.
The most common such pigment is mela-
nin though carotene, caretenoids, and pos-
sibly melanoids may also be present.

Masticatory Mucosa: A second type of
mucosa is admirably suited to withstand
considerable mechanical and chemical
trauma.? This type is observed in the gingi-
va and the hard palate. The tissue is
characterized principally by a relatively
high degree of keratinization. Thus, two
points become important. First, the under-
lying blood vessels are not as close to the
surface, hence do not contribute to red-
ness or pinkness as much as in the lining
mucosa. Secondly, the keratinization is
due to production of eleidin which, in it-
self, yields a yellow cast. However, pig-
ments can be demonstrated in these tissues.
The most common pigment is melanin
though carotene, caretenoids, and possibly
melanoids may also be present to contribute
to physiologic pigmentation.

Specialized Mucosa: The tongue struc-
ture is distinctive and quite different from
the lining and masticatory mucosae de-
scribed. Here one encounters on the dor-
sum of the tongue an area peppered with
different types of papillae. The filiform
papillae are long and narrow. A large por-
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Fig. 1. Green stain due to microbial growth.

tion of a filiform papilla is taken up by
epithelium. Thus, the filiform papillae
yield a yellow cast because of the presence
of eleidin. In contrast, the second most
common projection from the surface of
the tongue is the fungiform papilla. This
organ is not as heavily keratinized. There-
fore, the yellow cast is not as obvious. In
addition, because of the relative lack of
keratinization, the subjacent blood vessels
are apparent. The end result is a projection
which appears pink to red in part because
of the absence of pigment (eleidin) and
partly because of the relatively greater
vascular supply. Because of the fewness
and posterior position of the circumvallate
papilla, they are not significant in any con-
sideration of lingual pigmentation.

One - other point must be mentioned
with regard to pigmentation and special-
ized mucosal tissue. The distribution of
papillae on the dorsum of the tongue allows
the entrapment of foreign bodies in the
interpapillary spaces. This becomes im-
portant because of the greater possibilicy

Fig. 2. Typical white color of thrush. '
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Fig. 3. The darkened left central incisor is due
to pulpitis secondary to microbial invasion.

of pigmentary deposition on the dorsum
of the tongue as against similar pigmentary
incarceration on the lining and masticatory
mucosae.

PATHOLOGIC PIGMENTATION

The diagnosis of pathologic pigmenta-
tion hinges upon an understanding of: (1)
the etiologic factor .or factors, and (2)
the method by which the pigment reaches
the oral tissues.

BIOLOGIC FACTORS

A number of microbial agents can exert
an effect upon the dental or soft tissues
and produce pigmentation. In addition,
these microbes can attack the tissues from

Fig. 4. Typical pigmentary change (petechia)
in infectious mononucleosis due to the peri-
vascular deposit of blood. ' ’

the outside (exogenously) or by way of
the blood stream (endogenously).

Common examples of pigmentation the
result of microbes operating exogenously
are the very common green stain® (Fig. 1)
and orange stain® noted in children. A rela-
tively classic example of pigmentation the
result of exogenous microbial action upon
soft tissues is observed with thrush” (Fig.
2).

On the other hand, bacteria, viruses,
fungi, and parasites can produce pigmenta-
tion of the dental and soft tissues by
reaching these structures via the circulat-
ing blood stream. For example, the tooth
may become discolored following bacterial
invasion of the pulp. Thus, we have here
an illustration (bacterial pulpitis®) the re-
sult of endogenous action of biologic fac-
tors upon the dental tissues (Fig. 3). In
contrast, microbial factors may operate
by destroying the vessel wall so that blood
is permitted to lodge extravascularly. The
end result of extravascular blood deposition
leads to decomposition of hemoglobin and
the appearance of pigment the result of
iron in the tissues. This is the explanation
for petechiae in infections mononucleosis®
(Fig. 4).

PHYSICAL FACTORS

Physical factors may take one of several
forms including mechanical, electrical,
thermal, and radiation trauma. By far,
mechanical trauma is most common. Physi-
cal trauma may act exogenously or endo-
genously and the effects may be directed at
the dental and/or soft tissues. For example,
food particles may lodge on the tooth sur-
face or on the soft tissues and may remain
for a variable period of time depending
on the speed with which cleansing occurs.
This type of pigmentation does not pro-
duce a diagnostic problem since the etiology
is relatively clearcut and the therapy is
simple and often unnecessary. On the other
hand, endogenous influences may be opera-
tive so that the end result is pigmentation
due to some type of physical trauma. This
is well illustrated in mechanical perice-
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Fig. 5. Contusion to the lip causing the extrav-
asation of blood = into regional tissues and
eventual decomposition-of blood products.

mentitis,’? This is a situation where a
mechanical insult is brought to bear upon
a tooth surface so that there is eventual
pulpal death and alteration in the pulp and
dentine because of the absence of nourish-
ment to the tooth. The very simple and
obvious example of the results of physical
trauma upon the soft tissues is shown in
the contusion (Fig. §). Here the situation
is one in which physical trauma is brought
to bear upon the soft tissues so that small
blood vessels are caused to rupture. The
blood which lodges extravascularly then
undergoes decomposition. First the area
appears red, then purple, then black and

Fig. 6.. The exogenous pigmentation associated
with classical fluorosis made possible by the
changes in the enamel surface.

Fig.
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7. Mercurialism with metallic

] v gingival
pigmentation.

blue, and finally the area clears up through
a progression of color changes leading
through brown and green.

CHEMICAL FACTORS

A host of chemical substances can exert
an effect upon the dental or soft tissues
exogenously or endogenously and in this
manner lead to pigmentation. Certainly,
tobacco stain is a common illustration to
show the deposition of various fractions
from tobacco upon the tooth surface and
the neighboring soft tissues. However, as
has been previously mentioned, it is diffi-
cult to delimit exogenous or endogenous
factors for, in many cases, both are opera-
tive. For example, the systemic intake of
fluorides in the drinking water may pro-

Fig. 8. Brown pigmentation of the oral mucosa
(melanosis) due to hypoadrenalism.
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Fig. 9. Hereditary opalescent dentin in a 19
year old boy with osteogenesis imperfecta. The
crowns are disproportionately large for the
roots and the pulp chambers and canals are
obliterated.

duce changes in the tooth surface charac-
terized by small chalky areas.!' However,
because of the alteration in the tooth sur-
face, exogenous materials find it more easy
to lodge upon the tooth. Thus, the pig-
mentary changes described with fluorosis
actually are the result of exogenous deposits
upon a tooth surface which allows such
deposits to lodge easily (Fig. 6). Oc-
casionally foreign bodies are present in the
soft tissues and, in their disintegration,
color the neighboring structures. This is
commonly encountered in the situation
whereby a small fragment of amalgam is
trapped in the oral soft tissues.

On the other hand, endogenous factors
may play a more dominant role than has
been shown, for example, in the case of
fluorosis. For.instance, chemical pulpitis!?
may follow pulpal death due to a silicate
restoration which has been placed in a
tooth without appropriate protection of
the subjacent tissues. Similarly, endogenous
factors may play a role in the development
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Fig. 10. The teeth in amelogenesis imperfecta
(enamel hypoplasia type) are yellow because
of the relative absence of enamel. Shown in the
roentgenograms is the absence of enamel roent-
genopacity.

of pigmentation of the soft tissues. For
instance, many cardiac patients are re-
quired to take mercurial diuretics. This,
of course, means that mercury is circulat-
ing in the blood stream. In areas of inflam-
mation hydrogen sulfide is formed. The
end result is that the mercury unites with
hydrogen sulfide to produce mercuric
sulfide. This condition, mercurialism,®® is
commonly encountered in the free marginal
gingiva (Fig. 7). This is also believed to
be the explanation for the pigmentary
changes in the gingiva in patients with
plumbism.14
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Fig. 11. Melanin spots characteristic of intes-
tinal polyposis.

HORMONAL FACTORS

Mention has already been made that each
group of factors may operate exogenously
and endogenously. It would, therefore,
seem that these two routes must be opera-
tive in the case of hormonal imbalance.
However, little study has been directed to
the effect of exogenous hormonal factors
upon dental and soft tissues. Certainly,
the effect is clearcut that there is deepen-
ing of color of the skin and mucosae in
patients with hyperpituitarism® and hypo-
adrenalism.1® The classical descriptions of
so-called bronzing of the skin are described
with Addison’s disease (Fig. 8).

DEVELOPMENTAL FACTORS

Developmental factors are conditions in
which alterations occur in the oral tissues
either because of an inheritable factor or
because of changes in the developing fetus
during intrauterine maturation. Develop-
mental disorders may be accompanied by
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Fig. 12. Amelogenesis _imperfecta _ (enamel
hypocalcification type). The pigment is exoge-
nous.

oral pigmentation for two reasons. In the
first place, the oral tissues may be mal-
formed in such 2 way as to produce ab-
normal pigmentary patterns. This is well
illustrated by the hereditary opalescent
dentin'® with or without osteogenesis im-
perfecta (Fig. 9). In this instance, the
chemistry of the dentin is so altered that,
in combination with the usual translucency
of enamel, the dental tissues appear opales-
cent. Amelogenesis imperfectal” of the
enamel hypoplasia type also produces an
unusual pigmentation of the teeth. In this
instance, it is due to the inadequate pro-
duction of enamel so that the underlying
dentinal color is more apparent. Conse-
quently, persons with this problem show
unusually yellow teeth (Fig. 10). An ex-
ample of soft tissue pigmentation of de-
velopmental origin is well illustrated in
intestinal polyposis'® (Fig. 11). Here one
encounters macular lesions in the oral
cavity which actually represent discrete
depositions of melanin.

On the other hand, the developmental
factor may so alter the hard or soft tissues
of the oral cavity so as to invite exogenous
stains to deposit more easily. This is illus-
trated in amelogenesis imperfecta® (Fig.
12) of the enamel hypocalcification type.
Here the problem is not one of adequate
enamel matrix formation but one of im-
perfect calcification. Consequently, the
enamel is soft and is lost from the tooth
very easily. The end result is a roughened
surface which invites the deposition of out-
side stains.
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Fig. 13. Petechiae in the palate due to increased
capillary fragility and permeability secondary
to Vitamin € deficiency.

NUTRITIONAL FACTORS

Nutritional imbalance is apt to be asso-
ciated with pigmentary alterations of the
soft tissues for two reasons. In the first
place, the absence of certain nutrients from
the dental tissues may so alter the
chemistry of the enamel and dentine as to
yield a tooth of unusual color. Also, vas-
cular fragility and permeability are very
much dependent upon nutritional factors
such as ascorbic acid'® (Fig. 13). Conse-
quently, with increased vascular fragility
and permeability the extravascular appear-
ance of blood is very possible. The end
results are petechiae and/or ecchymoses.

Nutritional factors play an important
" role in normal maturation of oral tissues.
Consequently, with nutritional imbalance
during the formative years of dental de-
velopment the end result may lead to hypo-
plasias. These roughened surfaces permit
the more ready deposition of exogenous
pigment. This is demonstrated in rickets?®
(Fig. 14).

STRESS DISORDERS

Every local stimulus is accompanied by
a local response. However; every local
excitory force is also associated with a
generalized reaction.?! This systemic re-
sponse is important to the organism en-
countering the local stressor. Should the
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Fig. 14. Rachetic teeth. The exogehous pigmen-
tation is possible because of the roughened
tooth surface.

generalized reaction not occur, then serious
complications may ensue. Thus, more cor-
rectly, stress disorders are really disorders
due to lack of adaptation. Any serious
stressor during dental development may
leave its mark upon the forming dental
tissues. For example, high fever in a child
may be recorded permanently in the dental
apparatus by way of pits, fissures, or other
evidences of hypoplasia. These roughened
areas make it more possible for exogenous
stains to attach themselves to the tooth
structures. One of the most important
factors in the maintenance of vascular
fragility and permeability is adrenocortical
balance. In disorders due to lack of adapta-
tion to stress, hypoadrenalism is present.
Thus, with reduced adrenal activity there
is the possibility of increased. vascular
fragility and permeability. Consequently,
petechiae and ecchymoses may be present.

SUMMARY

1. Strictly speaking, pigmentation sig-
nifies the deposition of coloring matter in
a tissue. In contrast, hue represents the
color of a tissue which is due to pigmenta-
tion and the status of the subjacent vas-
cular supply.

2. Under normal conditions, different
teeth and different portions of the same
tooth differ in hue because of the thick-
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ness of the enamel and the character of
the subjacent dentin.

3. Under physiologic conditions, dif-
ferent portions of the oral mucosa differ in
color in part because of various pigments
present in the tissues and also because of

the blood supply.

4. In some instances, biologic, physical,
chemical, hormonal, developmental, nutri-
tional, and stress factors may be singly re-
sponsible for the presence of pathologic
pigmentation. These seven factors may
operate by exogenous or endogemous
mechanisms.

6. In most «cases, pathologic pig-
mentation is the result of a combination
of circumstances operating both exogen-
ously and endogenously.
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