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Ectopic enamel deposits on the root and cementicles
occur frequently enough to be of clinical importance
(1, 2). The enamel deposits take the form of projections
or isolated drops or pearls, and exhibit a more irregular
structure than crown enamel (2–6). Cementicles are
mineralized structures that either freely reside in the
periodontal ligament or adhere to the root surface (7).
Enamel projections or pearls have been associated with
periodontal destruction (2, 6, 8–14). The presence of
cementicles and ectopic enamel deposits on the root may
compromise plaque and calculus removal (9–11). Most
studies have therefore concentrated on their prevalence
and distribution in human teeth (2).
Despite the clinical implications, little information is

available on the etiology and development of cementicles
and ectopic enamel. A localized ameloblast-like activity of
portions of Hertwig’s epithelial root sheath (HERS) that
remain adherent to the dentin surface is believed to be
responsible for ectopic enamel formation. The character-
ization of the cells that initially are involved in cementicle
formation is poor. Epithelial rests of Malassez have been
implicated in the formation of cementicles (7). Conversely,
the close structural resemblance of cementicles with root
cementum suggests an involvement of cementoblasts in
the formation of cementicles. Although ectopic enamel
deposits and cementicles morphologically resemble their
normal tissue counterparts, their biochemical composi-
tions are entirely unknown. Non-collagenous matrix

proteins (NCPs) involved in the formation of crown
enamel and root cementum include amelogenins (AMEL),
other enamel-related matrix proteins (EMPs) (15), bone
sialoprotein (BSP), and osteopontin (OPN), respectively
(16, 17). These NCPs have been proposed to function in
cell attachment, cell differentiation, and regulation of
mineralization.
The purpose of the present study was to characterize

the nature and to evaluate the fine distribution of typical
enamel- and cementum-related NCPs in ectopic enamel
deposits on the root compared with cementicles using
colloidal gold immunocytochemistry.

Material and methods

Tissue sampling and processing

A large collection of human teeth provided 23 tissue samples
demonstrating enamel deposits or cementicles on the root
surface. The teeth hadbeen extracted for orthodontic or other
reasons and were processed for histological and immunocyt-
ochemical analyses. Immediately following extraction, teeth
were fixed for 24 h at 4�C in 1% glutaraldehyde and 1%
formaldehyde, buffered with 0.08 m sodium cacodylate
(pH 7.3). After washing twice in 0.1 m sodium cacodylate
containing 5% sucrose and 0.05% CaCl2, pH 7.3, the teeth
were decalcified in 4.13% ethylenediaminetetraacetic acid
(EDTA) for 6 wk (18) at 4�C, andwashed extensively again in
thewash-buffer. Themesial anddistal surfaces of the partially

Bosshardt DD, Nanci A. Immunocytochemical characterization of ectopic enamel
deposits and cementicles in human teeth. Eur J Oral Sci 2003; 111: 51–59.
� Eur J Oral Sci, 2003

Despite the relative frequency and clinical relevance of radicular enamel deposits and
cementicles, their etiology and nature are unknown. The purpose of the present study
was therefore to evaluate the presence and distribution of mineralization-associated
non-collagenous matrix proteins (NCPs) in various types of root-associated ectopic
mineralizations. Human teeth were processed for embedding in epoxy or acrylic resins.
Tissue sections were incubated with antibodies to amelogenins (AMEL), bone sialo-
protein (BSP), and osteopontin (OPN). Radicular enamel deposits contained residual
organic matrix that labeled for AMEL. In contrast, BSP and OPN were not detected
in the residual enamel matrix, they were found in the cementum deposited on its
surface as well as in collagen-free cementicle-like structures in the adjacent periodontal
ligament. True cementicles consisted of a collagenous matrix intermixed with a non-
collagenous ground substance. Labeling for BSP and OPN was mainly associated with
the interfibrillar ground substance. No immunoreactivity for AMEL was detected in
cementicles. These data indicate that ectopic enamel deposits on the root retain a high
amount of AMEL, whereas cementicles contain BSP and OPN, two NCPs typically
found in bone and cementum. These NCPs may, like in their normal tissue counter-
parts, play a role in the mineralization process.

Dr D D Bosshardt, Department of
Periodontology, Fixed Prosthodontics, School
of Dental, Medicine, University of Berne,
Freiburgstrasse 7, CH)3010 Berne,
Switzerland

Telefax: +41–31–6324931
E-mail: dieter.bosshardt@zmk.unibe.ch

Key words: ectopic mineralization, enamel,
cementicle, cementum, non-collagenous matrix
proteins

Accepted for publication November 2002

Eur J Oral Sci 2003; 111: 51–59
Printed in UK. All rights reserved

Copyright � Eur J Oral Sci 2003

European Journal of
Oral Sciences
ISSN 0909-8836



decalcified roots were subdivided in a corono-apical direction
into numerous thin segments as described elsewhere (19).
Some tissue samples were then postfixed with potassium fer-
rocyanide-reduced osmium tetroxide (20) and processed for
embedding in Taab 812 epoxy resin (Marivac, Halifax, Nova
Scotia, Canada). Osmicated and non osmicated tooth sam-
ples were also processed for embedding in LR White resin
(Mecalab, Montreal, Quebec, Canada).

Light- and transmission electron microscopy

Semithin survey sections (1 lm thick) were cut with glass or
diamond knives on a Reichert Ultracut E microtome
(Reichert-Jung, Optische Werke, Wien, Austria), stained
with toluidine blue and observed by light microscopy. For
transmission electron microscopy, selected areas were trim-
med, cut (80–100 nm thick) with a diamond knife, mounted
on formvar- and carbon-coated nickel grids, and contrasted
with uranyl acetate and lead citrate. Examination of the
sections was performed in a JEOL TEM 2000FX-II trans-
mission electron microscope (JEOL, Tokyo, Japan) operated
at an accelerating voltage of 80 kV.

Immunocytochemistry

The high-resolution protein A-gold technique (21) was used
for the immunocytochemical localization of AMEL, BSP,
and OPN. All incubations were performed at room tem-
perature. Thin sections of LR White-embedded tissues were
mounted on formvar- and carbon-coated nickel grids.
Osmicated tissue sections were first treated with a saturated
solution of sodium metaperiodate (22) for 15 min and
washed with distilled water. They were then floated on a
drop of 0.01 m phosphate buffered saline (PBS), pH 7.3,
containing 1% ovalbumin (Sigma, St Louis, MO, USA) in
order to saturate non-specific binding sites. Sections were
transferred and incubated for 1 h on a drop of one of the
following antibodies: rabbit antihuman bone sialoprotein
(LF-6), rabbit antihuman osteopontin (LF-7), each diluted
1 : 20 with PBS (courtesy of Dr L. W. Fisher, National
Institutes of Health, Bethesda, MD, USA) (23), sheep
antiporcine Bio-Gel peak C affinity purified amelogenin
diluted 1 : 100 with PBS (courtesy of Dr H. Limeback,
Faculty of Dentistry, University of Toronto, ON, Canada)
(24), or egg yolk chicken antirat 24 kDa amelogenin diluted
1 : 150 with PBS (25). For the immunodetection of amelo-
genins, sections were incubated for 1 h on a drop of the
corresponding polyclonal rabbit antisheep or antichicken
IgGs (Cappel, Scarborough, ON, Canada). Following
incubations with primary or secondary antibodies, the grids
were rinsed with PBS, floated on PBS)1% ovalbumin for
10 min, and incubated for 30 min with protein A-gold
complex prepared with gold particles of approximately
8 nm or 12 nm (26). As controls, sections were incubated
with protein A-gold alone, non-immune serum, or unrelated
anti-IgG antibodies. The grids were washed with PBS and
distilled water, and contrasted as described above for
transmission electron microscopy analysis.

Results

Light microscopy

All enamel deposits observed were exclusively found in
cervical or furcational root regions. They varied in

thickness and shape from very flat to ovoid. Residual
organic matrix was detected in larger enamel deposits
(Fig. 1A,B) and a structural organization was frequently
observed (Fig. 1B). In the periodontal ligament and
directly adjacent to the ectopic enamel deposits, con-
spicuous round matrix structures were consistently
observed (Fig. 1A,B). Two types of such structures were
identified. The first type was characterized by cementicle-
like bodies that stained intensely with toluidine blue and
revealed a concentric lamellation at their periphery and a
light-staining core. The second type was more numerous
and was characterized by a lighter staining and a less
prominent concentric lamellation. Their morphological
appearances varied greatly. They appeared to fuse with
one another and/or with the ectopic enamel surface.
Some of them had an intensely stained surface layer,
while others had not. True cementicles were observed in
teeth lacking signs of enamel matrix deposition on the
root (Fig. 1C,D). They were either freely dispersed in
the periodontal ligament or partly or totally embedded in
the cementum matrix.

Ultrastructure and immunocytochemistry

In ectopic enamel deposits rich in organic matrix, alter-
nating layers containing variable amounts of organic
matrix (Fig. 2A) and areas displaying a radial orienta-
tion (Fig. 2B) were observed. Epithelial and/or mesen-
chymal cells covered the surface of the ectopic enamel
deposits. All ectopic enamel deposits were immunoreac-
tive for AMEL (Fig. 3A). Immunolabeling for AMEL
was often found in association with dentinal tubules in
the peripheral root dentin subjacent to the enamel
deposits (Fig. 3B). A collagen-free matrix layer resem-
bling acellular afibrillar cementum frequently covered
the enamel deposits on the root. This layer was con-
tinuous with the acellular extrinsic fiber cementum laid
down more coronally and directly onto the dentin
(Fig. 1A) and also labeled for BSP (Fig. 3C) and OPN
(Fig. 3D).
The cementicle-like structures in the periodontal liga-

ment adjacent to the enamel deposits that were desig-
nated as the first type revealed concentrically arranged
lamellae with alternating layers varying in electron-
density at their periphery and an electron-lucent core
(Fig. 4A). An apparently homogeneous gold labeling for
BSP (Fig. 4B) and OPN (not shown) was confined to the
electron-dense, lamellated periphery. Collagen fibrils and
immunolabeling for AMEL could not be detected in
these deposits. The morphological appearance of the
second type of round matrix structures consistently
associated with ectopic enamel deposits varied greatly.
Lamellation was less prominent and the organic content
less electron-dense and more homogeneous than in the
first type (Fig. 4C). Some of these round structures
consisted of an extremely homogeneous and almost
amorphous matrix, while others occasionally revealed
ultrastructural details reminiscent of cellular elements
(not shown). For all antibodies used, there was no
labeling discernible in the major matrix portions of these
structures. A peripheral electron-dense matrix layer was
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either absent (not shown) or present (Fig. 4C,D). Per-
ipheral labeling for BSP or OPN was only detected if
such a peripheral matrix layer was clearly visible (not
shown).
True cementicles had an electron-dense core devoid of

collagen fibrils but presented with a peripheral collagen-
rich matrix (Fig. 5A,B). Concentric lamellation was
particularly evident in their core (Fig. 5A). Free and
attached cementicles showed a similar labeling pattern
for both BSP and OPN. Gold particles were concentra-
ted over the electron-dense matrix compartments that
were also poor in collagen (Fig. 5A,B). The cells on the
surface of the cementicles resembled fibroblasts
(Fig. 5B).

Discussion

This study, analysed for the first time the ultrastructure
of the organic matrices of small ectopic enamel deposits
on the root, associated cementicle-like structures, and
true cementicles. In addition, the nature and fine distri-
bution of some of their NCPs were characterized. All
antibodies used in the present study have been previously
characterized and extensively applied in studies on bone,
cementum, dentin, and enamel (27). Nevertheless, as a
control, the labeling pattern of the ectopic mineraliza-
tions was compared with that of the various cementum
types and the cervical-most crown enamel, which has
recently been described (17, 28).

Fig. 1. Light photomicrographs showing: (A,B) two enamel (E) deposits on the root dentin (D); (C) a cementicle (Ce) in the
periodontal ligament (PL); (D) cementicle-like structures in the root cementum matrix. Residual enamel matrix was usually present
(A,B) and structural organization frequently observed (B). Note the presence of two types of round (globular) bodies (arrows for
cementicle-like and arrowheads for enamel-like) in the portion of the periodontal ligament (PL) directly adjacent to the ectopic
enamel deposits (A). (C) illustrates a free cementicle with a concentric lamellation and encircled by connective tissue cells in close
proximity to the root surface. AAC, acellular afibrillar cementum; AEFC, acellular extrinsic fiber cementum.
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The observed high content of residual organic matrix
and the structural irregularity are characteristic of small
ectopic enamel deposits. It also reflects the immature
nature and lower mineral content of small ectopic enamel
deposits compared with both larger enamel pearls and
the bulk of crown enamel (2, 4, 5). It is interesting to note
that there is a similarity between the small ectopic enamel
deposits and the cervical-most portion of crown enamel.
At this site, ameloblasts produce a thin enamel layer that
retains more organic material in its mature stage than the
rest of crown enamel (27) and exhibits an irregular shape
and arrangement of rods (3–5, 29–32). Because AMEL
were detected in all enamel deposits on the root, they
appear to be an essential matrix component. In crown
enamel formation, amelogenins constitute the bulk of the
enamel matrix and apparently assemble into quaternary
supramolecular structures, called nanospheres, which
may regulate the organization of crystal pattern and
thickness (15, 33, 34).
The presence of immunolabeling for AMEL in the

dentinal tubules of root dentin directly adjacent to
enamel pearls parallels findings from crown develop-
ment. It is suggestive of a diffusion of AMEL from the
ameloblast layer towards the pulp (35–38). While it has
long been believed that odontoblasts do not synthesize
enamel proteins (38–40), very recent findings do support
an odontoblastic origin (41, 42). Transient mRNA
expression in pre-odontoblasts has also been reported for
amelin (43) and ameloblastin (44). Thus, EMPs in dentin
can theoretically originate from odontoblasts and/or
ameloblasts. The relatively low amelogenin expression in
odontoblasts (42), and the fact that amelogenius are

readily detectable by immunocytochemical methods,
favors an ameloblast origin of EMPs in the dentin
matrix. This conclusion does not interfere with the con-
cept that EMPs are synthesized by both epithelial and
mesenchymal cells and have a role in cell signaling events
between differentiating ameloblasts and odontoblasts.
Another association has been suggested between

EMPs and the induction of cementogenesis (46). HERS
cells are assumed to secrete EMPs that aggregate on the
root dentin into a matrix layer (47, 48) and induce the
formation of acellular extrinsic fiber cementum (49–52).
In the present study, amelogenin immunoreactivity could
only be detected in association with ectopic enamel
deposits (i.e. the dentin, dentino-cemental junction and
cementum layer in regions apical and coronal to the
enamel deposits, did not reveal any gold particle labe-
ling). Thus, this restricted distribution pattern, the lack
or sporadic occurrence of gene and protein expression of
EMPs along forming tooth roots (28, 40, 53–58), and our
observations that a layer of acellular afibrillar cementum
frequently covered the ectopic enamel deposits (discussed
below) do not support the view of a causal link between
EMPs and the induction of acellular extrinsic fiber
cementum formation. A histological study using human
teeth treated with EMPs as an adjunct to promote per-
iodontal regeneration has also reached the same con-
clusion (59). In this context, it must be noted that
periodontal ligament cells are triggered to produce
acellular extrinsic fiber cementum, whenever they come
in close proximity to a calcified surface, be it a calcify-
ing collagen implant, Bio-Oss particles (Geistlich,
Wolhousen, Switzerland) or denuded enamel (60).

Fig. 2. Transmission electron photomicrographs showing an enamel (E) deposit on the root dentin. The peripheral portion of this
enamel deposit contains large amounts of residual organic matrix that is structurally organized in alternating layers of low
(arrowhead) and high (double arrowhead) organic contents (A). At higher magnification, organic enamel crystallite profiles (�crystal
ghosts�, arrows) are seen (B). Ep, epithelial cell; N, nucleus.
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The presence of a cementum-like matrix layer over
ectopic enamel deposits on the root has been reported
previously (2, 61, 62). Our results confirm the occasional
presence of such a matrix layer over portions of the
surface of ectopic enamel deposits and assign it to an
acellular afibrillar type of cementum (17, 27). The two
NCPs, BSP and OPN, may play a role in the minerali-
zation process of this collagen-free matrix layer. Simi-
larly, the labeling pattern observed in the true
cementicles parallels what was found in acellular
extrinsic fiber cementum and is suggestive of a partici-
pation of BSP and OPN in the interfibrillar mineraliza-
tion process (17). A comparison with the region of the
cemento-enamel junction, where the acellular afibrillar
cementum frequently covers a thin enamel layer (63),
suggests that cementum formation associated with ecto-
pic enamel deposition recapitulates normal tooth devel-
opmental events.
An intriguing observation was the consistent presence

of two different types of small round (i.e. globular)
matrix bodies in the periodontal ligament tissue directly
adjacent to the enamel deposits on the root. A coexist-
ence of enamel pearls and such bodies has been observed
in other studies (61, 64), and similar structures have been
reported in Pindborg tumors (65). Some of these bodies

had the same radiodensity as the enamel of associated
pearls, while others had a concentric structure and
resembled cementicles (61). Our data show that the
cementicle-like structures, designated as the first matrix
type, are devoid of collagen fibrils, have a concentric
lamellation and, like the true cementicles, label for both
BSP and OPN. The second and more abundantly
observed type, which was also devoid of collagen fibrils,
had a more homogeneous matrix structure that did not
label for BSP and OPN. It is possible that this second
type corresponds to the calcified bodies that exhibit the
same radiodensity as the ectopic enamel deposits and
that are considered as an enamel-like calcification (61).
However, it is surprising that these structures did not
label for AMEL. A possible explanation for the lack of
AMEL labeling is that AMEL were present at the
beginning of their formation but were completely
removed as the matrix matured. The presence of residual
organic matrix in these structures, however, suggests
retention of some NCPs. Possible candidates are amel-
ogenin fragments that are not recognized by our anti-
bodies, other EMPs such as ameloblastin/amelin or
other, not yet identified matrix constituents.
Enamel deposits on the root have been associated with

periodontal destruction (2, 6, 8–14). The presence of a

Fig. 3. Transmission electron photomicrographs showing (A, C, D) enamel matrix (E) deposited onto the root dentin (D) and (B) the
peripheral dentin matrix (D) underneath an enamel deposit on the root. Incubations with an antiamelogenin (AMEL) antibody
reveal gold particle labeling over the enamel deposit (E) in association with residual organic matrix (A) and over dentin (D) in
association with a dentinal tubule (DT) (B). A thin matrix layer (arrowheads) immunoreactive for bone sialoprotein (BSP) covers the
surface of this enamel deposit (C). Less numerous gold particles are dispersed in the enamel matrix itself. The matrix layer over this
enamel deposit has a quite homogeneous texture and labels for osteopontin (OPN) (D). Ep, epithelial cell; N, nucleus.
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�long junctional epithelium� and a possible plaque
retention function are common explanations for this
association. Thus far, a possible link between a localized
altered structure and function of the periodontal liga-
ment and the development of a localized periodontal
lesion has not been postulated. The coexistence of ecto-
pic enamel deposits, cementicle-like and enamel-like
structures suggests that aberrant behavior of HERS is
not restricted to ectopic enamel formation alone, but
affects also the development of the adjacent periodontal
ligament. While there is general agreement that during
normal root development some HERS cells form the
epithelial rests of Malassez, other cell fates are disputed.
For example, apoptosis (66, 67) and epithelial–mesen-
chymal transformation (17, 27, 28, 46, 57, 68–72) have
also been suggested to occur. In view of the latter cell
differentiation process, it is of interest to note that the

local hindrance of cementoblast differentiation consis-
tently resulted in the formation of both mesenchymal
and epithelial calcifications. Whether HERS-derived cells
alone or together with dental follicle-derived cells are
involved in this process is presently unknown. Islands of
HERS have indeed been shown to be associated with
mineralized tissue formation (73) and epithelial rests of
Malassez have been implicated in the formation of
cementicles (7). However, it was not possible to deter-
mine the source of BSP and OPN in the present study. In
addition to a local cell synthesis, an origin from the
blood plasma must also be considered, at least for OPN
(74).
In summary, we have analysed the ultrastructure and

partial biochemical composition of various root-related
ectopic calcifications. Ectopic enamel deposits were
enriched in residual organic matrix containing, at least,

Fig. 4. Transmission electron photomicrographs illustrating (A,B) a cementicle-like and (C,D) a more homogeneously structured
matrix deposit in the connective tissue adjacent to an enamel deposit on the root. The area outlined in (C) corresponds to (D). The
cementicle-like structure is round and distinctly displays concentrically arranged lamellae (A,B) that label for BSP (B) and osteo-
pontin (OPN, not shown). In contrast, lamellation in the other matrix deposit is less prominent and smaller coalesced matrix subunits
are seen (C). An electron-dense matrix like the one seen in (C) and (D) and that labeled for both BSP and OPN was not always seen at
the periphery of these matrices. Common to both matrix structures is that they lack collagen fibrils (B,C). However, the surrounding
matrix is collagenous in nature (D).
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AMEL. Collagen-free cementum-like and enamel-like
calcifications were consistently present in the periodon-
tal ligament adjacent to ectopic enamel deposits. Their
coexistence suggests a causal connection. True cementi-
cles occurred independently of ectopic enamel formation
and resembled acellular extrinsic fiber cementum in
structure and composition. While AMEL appear to be
involved in the mineralization process of enamel, BSP
and OPN are thought to play a role in connective tissue
mineralization. Similarly, these NCPs may play similar
roles in the formation of ectopic calcification along
the tooth root. Because enamel deposits on the root
are highly associated with periodontal destruction, the
observed tissue alterations in the periodontal ligament
adjacent to ectopic enamel deposits require further
investigation.
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