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Abstract
The internal root resorption can be associated with external granuloma. If there is a connection between the two pathological process through a lateral accessory
canal is possible that some cells to be recruited from external granuloma. The possible mechanisms involved in osteoclasts recruitment from external granuloma and
various dentin resorption patterns in internal root resorption will be discussed based on a case in which the upper lateral incisor with a history of pulp necrosis treated
endodontically, developed an internal root resorption in association with external granuloma. Also, a review of literature was performed.

Introduction
Bone resorption is initiated by osteoclasts and resorption of hard
dental structures by odontoclasts. Osteoclasts and odontoclasts are
multinucleated cells derived from hematogenous bone marrow, from
the monocyte/macrophage cell lineage, and are formed by the fusion
of these cells under the action of colony stimulating factor 1 (CSF-1),
macrophage colony stimulating factor (M-CSF), monocyte chemotactic
protein-1 (MCP-1) and RANKL (receptor activator of nuclear factor
kappa-B ligand), which also have a role in chemotaxis and cell
differentiation [1]. The osteoclastic potential of bone marrow stromal
monocytes (BMSCs) in maxillary/mandibular bones differs from that
of BMSCs in long bones. The study conducted by Chaichanasakul T et
al. showed that the osteoclastic potential of mandibular bone marrow
stromal cells and the number of osteoclasts are higher compared to longbone marrow stromal cells [2]. This translates into a larger resorption
area, a higher RANKL expression and a lower OPG mRNA expression,
with an increased RANKL/OPG ratio. OPG (osteoprotegerin) is
a soluble TNF receptor-like molecule and the natural inhibitor of
osteoclastogenesis [3]. The differentiation of the osteoclast precursor
into a mature osteoclast requires RANKL binding to its receptor RANK
(receptor activator of nuclear factor kappa-B). However, OPG binding
to RANKL will block RANKL binding to RANK, which will result
in inhibition of osteoclastogenesis (Figure 1) [3]. The balance of the
RANKL/RANK/OPG triad contributes to bone remodeling.
Osteoclast recruitment and activation in maxillary or mandibular
alveolar processes can be triggered by pathological processes such
as the presence of pathogens (gram-negative anaerobes) in the root
canal and dentinal canaliculi. The presence of a lateral accessory
canal infected with gram-negative bacteria will induce the release of
endotoxins (lipopolysaccharides - LPS). Thus, the alternative pathway
of the complement system will be activated, with the formation of
chemotactic peptides [4] and the attraction of defensive phagocytic
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cells (PMNs - polymorphonuclear leukocytes and macrophages).
PMNs have a limited life span, they rapidly invade the infection area
in high numbers, unlike macrophages, which invade the infection
area more slowly and are fewer in numbers (between 4 and 50%
of inflammatory cell infiltrate) but have a longer life span [4]. The
chemotactic and differentiation factors for osteoclasts are: MCP-1/
CCL2, SDF-1α/CXCL12, MIP-1α/CCL3, MIP-1γ/CCL9, RANTES/
CCL5, IL-8/CXCL1, MCP-3/CCL7, CKβ8/ CCL23, MIG/CXCL9 and
IP-10/CXCL10. Of these, it seems that in infectious processes such as
granulomas, the osteoclast chemotactic and differentiation factor is
MCP-1/CCL2 [5].
The cytokines involved in bone resorption and immune response
in lateral granuloma are: IL-1, IL-6, IL-8, TNF-α, MIP-1 α and MIP1β. They are secreted by cells participating in the inflammatory and
immune process (PMNs, macrophages and T helper cells), as well as by
osteoclasts (which secrete IL-1) [6]. This complex process also involves
matrix metalloproteinases such as collagenases (MMP-1, MMP-8 and
MMP-13) and gelatinases (MMP-2 and MMP-9), which degrade the
extracellular matrix [7,8]. An increase of MMP-9 activity in osteoclasts
has been observed, which leads to an increase of bone resorption
capacity [9].
For osteoclast recruitment to be possible, blood supply is required.
The formation of new blood vessels in the maxillary alveolar process
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and their penetration through the lateral accessory canal into the root
canal might explain the dentinoclastic action of osteoclasts reaching
this site and the presence of blood vessels in the internal granuloma.
However, angiogenesis might have occurred subsequently, under
the action of VEGFs (vascular endothelial growth factors), more
precisely VEGF-A, whose receptors are VEGFR-1 and VEGFR-2
[10,11]. In granuloma, VEGFs and its receptors have been evidenced
in blood vessels, PMNs, macrophages and fibroblast-like cells [12]. The
presence of VEGFs and its receptors in both osteoclasts and odontoblasts
shows the interconnection between bone remodeling and angiogenesis
[13,14]. It is possible that immune cells involved in the inflammatory
process in lateral granuloma communicate with one another, as well as
with endothelial cells through VEGFs, as signal molecules [15].
Although osteoclasts and odontoclasts have the same origins [16], a
similar morphology, similar enzyme characteristics (such as cathepsin
K, cathepsin D, tartrate-resistant acid phosphatase - TRAP, MMP-9,
H+-ATPase, membrane type 1 - MT1-MMP) [17,18] and the same
resorption pattern [19], there are differences between them, given
that they degrade different structures. Odontoclasts are cells residing
in dental pulp and periodontal ligament, they are smaller in size, have

fewer nuclei, smaller sealing zones, and form smaller lacunar resorption
zones [20,21]. It is not yet clear whether osteoclasts are the same type of
cells as clastic cells that degrade dental structures (such as odontoclasts,
dentinoclasts and cementoclasts). Like osteoclasts, odontoclasts have a
ruffled border but they have a smaller or no clear zone, and a small
number of nuclei (less than 10 nuclei or even fewer). Odontoclasts
with a small number of nuclei (less than 5) resorb more dentin/nucleus
than odontoblasts with more nuclei. The delineation limit between
pulp tissue and dentin is represented by the two protective layers: the
odontoblast layer and the predentin layer. Their presence is a barrier
to dentin resorption because odontoclasts need to be in contact with
and adhere to a mineralized matrix, not a non-mineralized matrix,
such as predentin. However, under pathological conditions, when this
barrier is destroyed, odontoclasts initiate dentin resorption (Figure 2).
Nonetheless, not all teeth that have lost this barrier and have a local
infectious triggering factor develop internal root resorption over time
(a condition quite rarely found in practice). A possible explanation
is the high OPG expression in dental structures, which would block
odontoclast activation and differentiation. Another explanation could
be the presence of non-collagen components in dentin, which would
inhibit the resorption process [22].

Figure 1. Osteoclasts recruitment and activation, and angiogenesis in maxillary alveolar processes in internal root resorption associated with external granuloma
- osteoclast precursors;
- osteoclasts;
- polymorphonuclear leukocytes;
- macrophages;
- T helper cells;
- gram-negative anaerobes; LPS –lipopolysaccharides;
RANKL (receptor activator of nuclear factor kappa-B ligand); RANK (receptor activator of nuclear factor kappa-B); OPG (osteoprotegerin); VEGF (vascular endothelial growth factor);
VEGFR (vascular endothelial growth factor receptor); MCP-1/CCL2 (monocyte chemoattractant protein-1), SDF-1α/CXCL12 (stromal derived factor-1α), MIP-1α/CCL3 (macrophage
inflammatory protein-1α), MIP-1γ/CCL9 (macrophage inflammatory protein-1γ), RANTES/CCL5 (regulated on activation, normal T cell expressed and secreted), IL-8/CXCL1
(interleukin-8), MCP-3/CCL7 (monocyte chemoattractant protein-3), CKβ8/ CCL23 (chemokine β8), MIG/CXCL9 (monokine induced by IFN-γ) and IP-10/CXCL10 (IFN-γ-inducible
protein 10)
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Figure 2. Light microscopy images of odontoclasts and various dentin resorption patterns in internal root resorption
1. Numerous odontoclast precursors were recruited and formed a continuous layer covering the fragments of necrotic dentin. 2. Granulation tissue containing numerous polymorphonuclear
neutrophils, extravasated erythrocytes, tissue debris and a multinucleated giant cell. 3. The sites where predentin was present showed no signs of resorption. 4. Initial phase of odontoclast
formation: massive recruitment of odontoclast precursors with a pronounced tendency to fuse; two forming odontoclasts could be identified. 5. Active odontoclasts on necrotic dentin
fragments, accompanied by mononuclear inflammatory cells in the adjacent connective tissue. 6. Intense resorptive activity associated with the dentin surface and detachment of necrotic
tissue; odontoclasts on the dentin fragments and numerous activated precursors. Goldner’s trichrome stain

Conclusions
Internal root resorption remains an incompletely understood
process, all the more so as the pathogenic mechanisms presented in this
study raise new dilemmas and new hypotheses that will require further
research in the future.
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