
CHAPTER 13

PERIAPICAL LESIONS OF ENDODONTIC

ORIGIN
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Periapical lesions of endodontic origin will be discussed
in this chapter in terms of function and form. An
emphasis is placed on the understanding of the biologi-
cal function of the lesion, with special attention to
processes leading to its formation and to changes it
may go through, as observed by either the clinician or
the histopathologist. The content of this chapter
requires some knowledge of microbiology and immu-
nology. The reader is referred to Chapters 7 and 9
dedicated to these subjects, which provide the essential
background in detail. Periapical lesions, not inflamma-
tory in nature, will be discussed in Chapter 8.

Periapical lesions of endodontic origin are produced
by an inflammatory response at the root apices of teeth
with nonvital pulps. Because the pulp cavity is relatively
inaccessible to the immune response, it becomes a reser-
voir of infection. The establishment of an inflammatory
response is believed to be an attempt to prevent the
spread of infection to periapical tissues. Periapical
lesions of endodontic origin are generated by the
immune system. The response may occur at any portal
of exit from the root canal system. Since most such
portals are found in the apical area, and for the sake of
convenience for the reader, the terms ‘‘periapical’’ or
‘‘apical’’ will be used for inflammatory lesions of endo-
dontic origin.

Bacterial Elimination in Periapical

Lesions

The elimination of bacteria emerging from the apical
foramen and the prevention of their spread to other
tissues are important functions of apical periodontitis.1,2

Even though bacteria are often present in infected root

canals, most periapical lesions successfully contain
them. Thus, periapical inflammatory lesions may be
considered to be a successful host response to bacteria
and bacterial by-products in an infected root canal sys-
tem. The elimination of the invading bacteria is one of
the main functions of the immune response. The key
role in this process is played by the polymorphonuclear
leukocytes (PMNs) that eventually phagocytize and kill
the bacteria. PMNs originate from progenitor cells in
the bone marrow and enter the bloodstream where they
circulate for 7–10 h, ready to be called to duty. To reach
the bacteria emerging from the apical foramen, PMNs
must first leave the bloodstream and find their way to
that site. This process is initiated by a stage termed
‘‘margination,’’ which is mediated by a locally elevated
expression of attachment molecules such as intercellular
attachment molecule-1 (ICAM-1) on the surface of the
endothelial cells in the area.3–5 The ‘‘right area’’ for
margination is defined for the PMNs by local produc-
tion of IL-1 and tumor necrosis factor (TNF) that
results in an elevated expression of the attachment
molecules.3,6 Once attached, the PMNs can leave the
blood vessels by passing between endothelial cells in a
process termed ‘‘diapedesis.’’ PMNs follow the gradient
of the chemotactic factor C5a that is generated by the
activation of the complement system at the site where
bacteria are present. This gradient serves as a chemotac-
tic signal; the random motion of the PMNs becomes
directional and they follow this gradient from low to
high concentration. Complement may be activated
directly by bacterial constituents such as bacterial endo-
toxin (lipopolysaccharide, LPS), using the ‘‘alternative’’
or ‘‘properidin’’ pathway. This represents the basic,
innate immune response of the host. The ‘‘classical path-
way’’ of complement activation is dependent on specific
IgG or IgM that binds to antigens present on the bacterial
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surface. This, in turn, triggers complement activation by
C1q molecules of the complement cascade. Complement
activation is a ‘‘chain reaction’’ type of response that
generates large amounts of three types of molecules
that may be considered as major life-sustaining factors.
Two of them are small and readily diffusible factors, C3a
and C5a, while the third is a larger molecule, C3b,
that remains attached to the bacterium and serves as a
signal that marks the targets for PMNs to engage and
phagocytize.

Effective phagocytosis requires marking the bacteria
with a dual signal, the other signal being a specific IgG
molecules attached to the bacterium. PMNs have two
distinct receptors, C3b receptor and Fc receptor, on
their membrane that engage the relevant molecules
allowing for effective phagocytosis. The latter attaches
to the Fc portion of an IgG molecule that has been
attached to the bacterial surface antigen via its binding
sites (located at its Fab region). This mechanism is
termed ‘‘opsonization’’ and is essential for the effective
elimination of bacteria by the PMNs.7 Antibodies may
come from the bloodstream, but evidence for their local
production will be discussed below.

It is also clear that an effective and continuous local
supply of complement constituent is essential for the
above-mentioned process to take place. This is achieved
by an increased permeability of the capillaries in the
area, induced by C3a and C5a via activation and degra-
nulation of local mast cells. When vascular permeability
is normal, large molecules are kept within the blood
vessels. They serve to maintain the essential osmotic
pressure that will draw water back into the venous part
of the capillaries and maintain the blood and tissue
volumes at equilibrium.

From the above sequence of events, it becomes appar-
ent that even though the PMNs are responsible for
phagocytizing and killing bacteria, an elaborate infra-
structure of cells is required to locally provide at least
two main types of molecules, without which the PMN
response will be handicapped: IgG specific to the
involved bacteria and the cytokines IL-1 and TNF.

CELLS, IMMUNOGLOBULINS AND
CYTOKINES IN PERIAPICAL LESIONS
Qualitative and quantitative studies of the cellular
composition of periapical granulomas have been pro-
foundly influenced by the methodology available.
Initial attempts to characterize the cells participating
in these lesions were based on the classical morphol-
ogy of the cells followed by the use of electron micro-
scopy. With the introduction of immunohistological
methods, the first attempts to specifically identify

plasma cells in periapical lesions by their immunoglo-
bulin content were reported.8 In recent decades, the
intensive use of monoclonal antibodies against subsets
of T lymphocytes, B lymphocytes, macrophages, den-
dritic cells, plasma cells, and PMNs resulted in a
major breakthrough in the understanding of the
immunobiology of the periapical host response, in
both naturally occurring human periapical lesions
and those experimentally induced in the rat. The
most recent approach involves molecular biology
methods, such as in situ hybridization or the poly-
merase chain reaction.

Cells with distinct morphology, such as PMNs, mast
cells, lymphocytes, plasma cells, and osteoclasts, have
been easily identifiable. However, in earlier studies only
cells with ‘‘classical’’ macrophage morphology could be
identified as such. Monoclonal antibodies make it pos-
sible to identify macrophages and dendritic cells of
diverse morphology as well as to recognize subsets of
these and other cells.

EVOLUTION OF THE
IMMUNOBIOLOGICAL CONCEPT
OF PERIAPICAL LESIONS
The availability of new methodologies has influenced the
type of studies performed and eventually affected
the evolution of the immunobiological understanding of
the complex nature of the periapical host response.9–11

Initially, the commercial availability of specific antibodies
directed against human IgG, IgM, IgA, and IgE allowed
for the immunofluorescent or immunohistochemical
detection of these molecules in periapical lesions, either
in a free form or as markers of subsets of B lympho-
cytes and plasma cells.12 Later, the combination of
these antibodies with those directed against human
complement allowed the demonstration of activity
rather the simple presence of immunoglobulins in peri-
apical lesions. Johannessen and colleagues demon-
strated intracellular colocalization of IgG and C3b in
macrophages in periapical inflammatory lesions, sug-
gesting phagocytosis of bacteria via dual opsonization
by both opsonins.13

The availability of monoclonal antibodies against var-
ious T lymphocyte subsets made it possible to explore
the presence of these cells in both human periapical
lesions as well as in those experimentally induced in
rats. T-cells in human periapical granulomas were stu-
died by Cymerman and colleagues.14–16 It became
apparent that both T helper (CD4+) and T suppressor
(CD8+) lymphocytes were present in these lesions.14 In
delayed hypersensitivity in humans, a typical T helper/T
suppressor relation is about 2:1.17 It was therefore of

2 / Endodontics



interest to define whether T lymphocytes in periapical
lesions follow this trend. Babal and colleagues found a T
helper/T suppressor ratio of <1.0 in periapical granulo-
mas, while Barkhordar and Desouza reported a ratio of
~1.0.15 It seemed that the predominance of T helper
lymphocytes, which is typical of delayed hypersensitiv-
ity, does not exist in a chronic periapical granuloma.
Nevertheless, this is not a uniform finding, as Kopp and
Schwarting found a T helper/T suppressor ratio of 3:2 in
periapical granulomas, which diminished to ~1.0 in
periapical scars.18.

In a rat model, Stashenko and Yu demonstrated that
during the early, active, phase of lesion development,
helper (CD4+) T cells predominated, while at the later
chronic stage, suppressor (CD8+) T cells outnumbered
the helper T-cell population.19 The initial Th/Ts ratio of
1.7 lessened to <1.0 at the later stage, as compared to a
Th/Ts ratio of 2.0 in peripheral blood. These findings
were interpreted as the initial active function of T lym-
phocytes, which is later downregulated and controlled
by suppressor T cells. The balance of their activities is
expressed in chronic periapical lesions, such as those
encountered in humans.

THE PROTECTIVE FUNCTION OF T
LYMPHOCYTES IN THE PERIAPICAL
GRANULOMA
A protective role of helper T lymphocyte function
should eventually be expressed as a better ability of the
host to prevent bacteria from spreading from the
infected root canal. This may be accomplished by (1)
the local production of antibodies and (2) increasing the
local availability and enhancing the function of phago-
cytes (Figure 1). Local activation of antigen-specific T
helper lymphocytes is a prerequisite for the local pro-
duction of antibodies that are specific to the bacteria
that periodically emerge from the root canal.20,21 This in
turn will enable effective opsonization of the bacteria,
followed by phagocytosis and killing.

Local macrophage activation is accomplished mainly
by interferon-g (INF-g) produced by the activated T
helper cells (see Figure 1). Even though activation of
the lymphocytes is antigen-specific, once macrophages
are activated, the result is nonspecific, and their phago-
cytic and killing abilities, as well as cytokine production,
will be greatly enhanced. IL-1 and TNF production by

Figure 1 Protective functions of T lymphocytes and macrophages in the periapical granuloma. Specifically activated T lymphocytes produce a
plethora of cytokines, some of which promote activation, proliferation, and maturation of B lymphocytes to become plasma cells producing
immunoglobulins specific to the root canal bacteria. Macrophage activation is mediated by interferon-g (IFN-g ) produced also by these cells.
Activated macrophages produce IL-1 and IL-8 that are essential for effective local recruitment and activation of PMNs. Bacterial endotoxin (LPS)
can bypass the T lymphocytes and directly activate macrophages. Bone resorption in apical granuloma is mediated by IL-1b (an activated
macrophage product) and by TNF-b (an activated T lymphocyte product). It may be considered a negative side effect of the ongoing protective
process in the apical granuloma.
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activated macrophages will locally elevate ICAM-1
molecule expression by endothelial cells in the capil-
laries, thus enhancing the local attachment of PMNs
and monocytes and enhancing their migration into the
periapical area.3,6 IL-8 produced by these macrophages
will chemotactically attract the PMNs and activate them,
making them more available and more competent to
engage and kill the bacteria22–24 (see Figure 1). Thus,
macrophage activation has a major role in maintaining
the two lines of phagocytic cell defense that are typically
described in the periapical lesion: an inner area, closer to
the apex, in which PMNs predominate and the area
around it in which the phagocytic macrophages are
observed.25 The defensive function of helper T lympho-
cytes is achieved indirectly by allowing (1) activated
specific B lymphocytes to proliferate and maturate into
plasma cells that will produce antibodies and (2) the
activation of nonspecific effector cells, the macrophages.
In order to avoid an endless loop of mutual activation of
macrophages and T lymphocytes, the process is actively
controlled and downregulated by suppressor T lympho-
cytes.26–28

The essential role of the T lymphocytes in this process
was well established and accepted by the late 1980s of
the last century.28,29 A turning point occurred with the
first studies that utilized athymic mice and rats to study
the formation of periapical inflammatory lesions to
determine the critical role of T lymphocytes in the for-
mation of these lesions.30,31 Unexpectedly, both groups
demonstrated that periapical lesions could also develop
independent of T-lymphocyte activity, thus leaving the
center stage to another key actor: the macrophage (as
will be detailed below).

B CELLS, PLASMA CELLS, AND
IMMUNOGLOBULIN PRODUCTION
The presence of plasma cells, the cells that produce
immunoglobulins, in apical granulomas has been well
documented by many investigators.16,32–35 In addition,
the presence of B lymphocytes, the precursors of plasma
cells, has also been documented in apical granulo-
mas.12,36,37 Immunoglobulin-containing cells (B Ly +
plasma cells) may constitute 11–50% of the mononuc-
lear cells in apical granulomas.12,36 Among these cells,
those containing IgG are the majority (70–85%) while
small fractions of them produce IgA, IgE, and IgM.12,36

It must be kept in mind that the presence of IgG and
IgG-producing cells in the periapical tissue does not
necessarily mean that the immunoglobulins will be spe-
cific to the bacteria that reside in necrotic infected root
canals. Baumgartner and Falkler20 and Kettering and
colleagues21 demonstrated that antibodies specific to

root canal bacteria are indeed present in the periapical
tissue. Both groups independently demonstrated that
specific immunoglobulins that bind to bacteria typically
found in infected root canals are present in human
periapical granulomas.20,38 IgG concentrations reported
in periapical exudates are four times higher than those
found in the serum of the same patients.37 This may
indicate but not prove the local production of these
immunoglobulins in periapical lesions. Baumgartner
and Falkler39,40 convincingly demonstrated that the local
production of immunoglobulins does indeed take place
in the human apical granuloma.

Immunoglobulin production by plasma cells is the
end result of a complex and well-controlled process
that starts with the exposure of antigen-presenting
cells (APCs) to the relevant antigen. In turn, they
present the antigen, in conjunction with their major
histocompatibility complex class II (MHC II) surface
molecule, to specific T lymphocytes. This specific
signal, together with a nonspecific signal in the form
of the cytokine IL-1, results in the activation of the
antigen-specific set of T cells.41 Once activated, the T
cells proliferate and produce several cytokines, two of
which are essential for immunoglobulin production,
IL-4 and IL-5, which induce the proliferation of B
lymphocytes and their maturation into plasma cells.
Both serve as nonspecific signals that allow a clone of
antigen-specific B cells that were exposed to the same
specific antigen to respond by proliferation and
maturation into specific plasma cells. These cells will
eventually produce immunoglobulin that is specific to
that antigen.

MHC II molecules expressing macrophages and den-
dritic cells were found by Kaneko and colleagues in
experimentally induced periapical lesions in rats.42,43

The presence of HLA-DR+ cells, which are the human
equivalent of the MHC II-positive cells, was studied in
human granulomas in a dispersed cell cytometric flow
immunochemistry study.44 Activated macrophages
(HLA-DR+, CD14+) and mature dendritic cells (HLA-
DR+, CD83+) were found in great numbers. Thus,
antigen presentation is possible and likely in the con-
finement of the apical granuloma.

T LYMPHOCYTES IN THE PERIAPICAL
GRANULOMA
T lymphocytes are the major constituents of the chr-
onic inflammatory response at the periapical
region.16,18,19,25,34–36,45 They may constitute up to 40%
of the mononuclear inflammatory cells.35,36 During the
active phase of development of an induced apical peri-
odontitis in rats, T helper cells outnumbered T
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suppressor lymphocytes with a Th/Ts ratio of 1.7.19

When active lesion expansion subsided, by day 20, this
ratio reversed to 0.9 and remained at 0.7 for the remain-
ing 70 days of the experiment. In an established human
apical granuloma, T helper (CD4+) cells outnumber T
suppressor cells (CD8+) by a ratio of 1.5–2.0.19 Even
though large numbers of T cells are present, it is most
likely that only the activated T cells play a role in the
protective response, and these may constitute as few as
6% of the total T-cell population.35 When activated,
these cells produce a plethora of cytokines that regulate
the immune response. T helper (CD4+) lymphocytes
may be divided according to their cytokine expression
pattern and classified as either T helper 1 (Th1) cells
that produce and secrete IL-2 and INF-g or Th2 cells
that produce and secrete IL-4, IL-5, IL-6, IL-10, and IL-
13. Th1 type cytokines augment cytotoxic T-cell func-
tions and stimulate proinflammatory cytokine produc-
tion in other cells, such as macrophages, while Th2 type
cytokines participate in B-cell stimulation to mount a
humoral immune response and in downregulation of
inflammatory reactions.46,47 Among the cytokines
produced by activated T cells, IL-2 is involved in T-
lymphocyte proliferation while IL-4, IL-5, and IL-6 are
involved in B-cell proliferation, differentiation, and
maturation into plasma cells, thus leading to immuno-
globulin production (see Figure 1). INF-g is the key
proinflammatory cytokine produced by activated T lym-
phocytes. Its major function is to activate macrophages
that have several key roles, as will be discussed below.
Activated macrophages, in turn, are the major source
of IL-1 in the periapical lesion and, thus, may contri-
bute to several protective processes including immu-
noglobulin production, at its initiation stage. TNF-b is
another important cytokine produced by activated T
cells, which has been implicated as a major factor in the
activation of osteoclastic bone resorption in humans,
as will be discussed below.48

MACROPHAGES IN THE PERIAPICAL
GRANULOMA
Macrophages have a major role in several processes that
take place in these lesions.49 Macrophages make up to
46% of the periapical inflammatory cells found in tissue
sections of human periapical granulomas.45 When Stern
and colleagues50 dispersed periapical granulomas to cell
suspensions, 30% of the resulting cells were macro-
phages. Macrophages were also found as the predomi-
nant inflammatory cell when Kopp and Schwarting18

used monoclonal antibodies to identify them in human
periapical lesions. Piatelli and colleagues35 similarly
reported that macrophages outnumbered T lymphocytes
in human periapical granulomas. In the rat model,
Kawashima and colleagues25 recently demonstrated that
macrophages were the predominant immunocompetent
cell type throughout the development of the lesion. The
kinetics of their presence in these experimental periapi-
cal lesions was studied by Akamine and colleagues,32

who followed the periapical lesions for as long as 150
days. Macrophages increased in number during the first
10 days and maintained their numbers through day 60,
followed by a gradual decline thereafter (Figure 2A,B).

POTENTIAL ROLE OF MACROPHAGES
IN THE PERIAPICAL GRANULOMA
Macrophages have a central role in (1) innate, nonspe-
cific immunity; (2) the onset, regulation, and outcome
of antigen-specific, acquired immunity; and (3) the reg-
ulation of connective tissue destruction and repair.
Macrophages are ‘‘professional’’ phagocytic cells that
can internalize and kill bacteria by several mechanisms,
some of which are part of innate immunity, while others
require the presence of specific antibodies against the
bacterium and should be considered to be part of the
effector arm of specific, acquired immunity. Bacteria,
new to the host, may activate the complement system

Figure 2 Macrophages and bone resorption in developing periapical lesions in rats. A, The periapical lesion gradually enlarges up to 60 days,
and then its size remains stable. B, Macrophage domination in the lesion coincides with the period in which the lesion grows and diminishes
afterwards, with the appearance of plasma cells. Adapted from Akamine A et al.32
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by the alternative pathway, resulting in their opsoniza-
tion by the C3b component. This, in turn, will result in
their phagocytosis by the macrophages via a C3b recep-
tor-mediated process. Other bacteria may attach to the
macrophages through lectin-mediated mechanisms,
leading to lectinophagocytosis that is independent of
the common C3b receptor–ligand binding.51 Once spe-
cific antibodies to a strain of bacteria are present, either
by developing through the course of the current infec-
tion or as a result of a former encounter with these
bacteria, a more efficient form of phagocytosis will
occur, involving dual opsonization by IgG and C3b
and engagement of both the Fc and C3b macrophage
receptors.

It is the innate immunity that enables the host to
survive the initial steps of infection, while the acquired,
specific immunity allows the host to efficiently eliminate
the invading microorganisms. Macrophages present in
the periapical granuloma may contribute, by their func-
tion as phagocytes, to the effective prevention of the
dissemination of bacteria from the infected root canal.
Macrophages may also serve as ‘‘APCs’’ in the essential
initial steps of the induction of acquired immunity.
They process the antigen and present it to the antigen-
specific clones of helper T lymphocytes by a process
involving recognition of an MHC II molecule on macro-
phages by lymphocytes. Additionally, they produce the
cytokine IL-1, which is an essential complementary sig-
nal for the activation of these lymphocytes. Macro-
phages that carry MHC II molecules, and thus may serve
as APCs, have been identified in periapical granulomas
in both humans and the rat model (also termed HLA-
DR or Ia antigen-positive cells).18,52

Macrophages are considered to be a main source of
the cytokines IL-1a , IL-1b, and TNF-a that contribute
to the initiation and regulation of the inflammatory
process. Additionally, they produce a plethora of other
active molecules, including metalloproteases (collage-
nase and elastase) and prostaglandins that may also
contribute to the destructive outcome of the periapical
inflammatory process. Some of these products directly
damage connective tissue constituents, while others,
including the cytokines produced by the macrophages,
activate other cells to exhibit either (1) destructive activ-
ities such as osteoclast activation and bone resorption or
(2) constructive repair processes by activation of fibro-
blast proliferation and collagen production by these
cells.

Though it is commonly assumed that all of the above-
listed potential activities of the macrophage take place in
the periapical granuloma, this is not entirely true. Sub-
sets of macrophages that may exist in relatively small
numbers are responsible for a specific activity. Emerging

evidence indicates that some of these functions, such as
active production of IL-1, involve only a small number
of activated macrophages. In chronic human periapical
granulomas, these cells do not exceed 2 to 3% of the
macrophages present in these lesions, and these cells
have been shown to express only mRNA for IL-1b.9,53

KINETICS OF MACROPHAGE PRESENCE
IN PERIAPICAL LESIONS
The unique study by Akamine and colleagues32 followed
rat periapical lesions for as long as 150 days. An analysis
of their data reveals that the active growing stage of
periapical lesions in the rat, which lasted for the first
60 days, coincides with a peak of macrophage presence
in this lesion. When the active growth stops and a
stationary stage is reached, the presence of macrophages
in the lesion gradually declines. This may be a coinci-
dence, but nevertheless, it may indicate a significant
correlation. Further support may be found in a recent
study by Kawashima and colleagues that showed that
macrophage infiltration in the periapical lesions was
associated with bone resorption in the area.25 In their
study, macrophage infiltration preceded that of lympho-
cytes and gradually increased throughout the 56 days of
the experiment.

IL-1 AND MACROPHAGES IN THE
PERIAPICAL GRANULOMA
The presence of IL-1b in association with a subpopula-
tion of the macrophages in periapical lesions has been
reported by several investigators.9,53,54 Artese and col-
leagues53 reported that there were very few cells (2 to
3%) in established human periapical granulomas with
immunoreactivity of IL-1b and TNF-a and that these
cells had a macrophage morphology. Tani-Ishii and
colleagues54 used a rat model to demonstrate that IL-
1a and TNF-a were associated with macrophages in the
periapical lesion as soon as two days after the exposure
of the pulp and persisted through the 30 days of the
experiment. In contrast, TNF-b and IL-1b could not be
detected in their sections.

It should be kept in mind that the presence of cyto-
kines, in association with these cells, does not necessarily
prove that they are the source of these molecules. A
cytokine may potentially have been attached to or may
have been taken up by the macrophages, rather than
produced by them. Recently, direct proof has been pro-
vided that clearly demonstrates that the activated
macrophages actually produce IL-1b in periapical
lesions. In an in situ hybridization study, Hamachi and
colleagues9 demonstrated the presence of IL-1b mRNA
in macrophages in human periapical lesions. This proves
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not only that these cells are capable of producing cyto-
kines in general and that cytokines are associated with
them in the periapical lesion, but also that subpopula-
tions of macrophages are actively engaged in the pro-
duction of this cytokine in periapical granulomas.

BACTERIA IN PERIAPICAL LESIONS
For many years, periapical lesions were considered ‘‘not
an area in which bacteria live, but in which they are
destroyed.’’55 This concept had its origin in experiments
that failed to produce viable bacteria from closed apical
granulomas,56 and it gained support from the common
clinical experience that once bacteria are eliminated
from the root canal, most lesions will heal. With the
development of adequate anaerobic cultivation meth-
ods,57 it became apparent that this concept may be true
‘‘in most cases’’ but clearly not in all of them. Initially,
the concept that viable bacteria may be present outside
of the root canal in the periapical tissue was accepted for
few specific bacteria.58–61 The concept that extraradicu-
lar infection may survive independent of what occurs in
the root canal has recently become more widely
accepted.62–68 It is widely accepted that viable bacteria
may be cultured from chronic periapical abscessescellu-
lites with a sinus tract and that some closed periapical
lesions may contain viable bacteria outside of the root
canal: an extraradicular infection. The latter point was
initially considered to be a unique condition related
only to specific bacteria, such as strains of Actinomyces
and Arachnia.58–61 However, evidence has accumulated
that other bacteria may also survive outside of the root
canal in certain lesions.62–68 Even though this concept is
not yet uniformly accepted,69,70 the original concept that
the periapical granuloma is always a sterile lesion should
be reconsidered in favor of the more moderate state-
ment that it is sterile in most cases. This inevitably leads
to an understanding that the equilibrium between bac-
teria and the host, in the periapical environment, is
more complicated than believed in the past.

THE EQUILIBRIUM BETWEEN
BACTERIA AND THE HOST
An apical granuloma and a chronic periapical abscess
with a sinus tract represent two distinct types of equili-
briums established between bacteria in the root canal
and the host response. The front between bacteria and
the host response is established at or near the apical
foramen where bacteria or bacterial products/antigens
are immediately engaged by the immune system. PMNs
will attempt to kill any bacteria within their reach.
PMNs are relatively short-lived cells and once they
migrate into the tissues they have up to a 3-day life

span. Those arriving into the area adjacent to the bac-
teria will remain there and spontaneously die within a
short period, followed by cellular disintegration. The
remaining dead bacteria and remnants of the PMNs
are taken up by abundant local tissue macrophages.
When enzyme-containing PMNs disintegrate, they also
release lytic enzymes, such as collagenase, elastase, and
hyaluronidase, in the area that damage the host.71 In
histological sections taken under such conditions, only
the long-living cells, such as lymphocytes, plasma cells,
and macrophages, will be found. The short-lived PMNs
will be found only in small numbers, either on their way
from adjacent blood vessels or where they accumulate,
adjacent to the apical foramen. It is important to realize
that macrophages, lymphocytes, and fibroblasts, seen in
the histological sections, were there a few days ago and
would have been there many days after the section was
taken. On the other hand, any PMN seen in the section
is a new comer: it left the bloodstream a few hours
beforehand and would have died, disintegrated, and
disappeared within a few hours or a couple of days.
They are not residents of the tissue, but rather are
temporary visitors.

An apical granuloma may develop into an acute apical
abscess or into a chronic periapical abscess with a sinus
tract, a phenomenon termed ‘‘phoenix abscess.’’72 A
shift in the balance between bacteria and the host may
be the likely cause. Such a change may be quantitative,
qualitative, or both. If the amount of bacteria intro-
duced into the lesion suddenly increases, the amount
of complement-derived chemotactic factor will increase,
followed by an increased number of PMNs reaching the
area per given time period. More PMNs will die and
more damage will be caused by the released enzymes.
This rate of destruction may exceed the cleaning capa-
city of local macrophages and the local tissue may
become solubilized by proteolytic and hydrolytic
enzymes, resulting in a liquefied area surrounded by
migrating PMNs in a background of chronically
inflamed tissue. This results in the formation of an
abscess.

If the change in the amount of bacteria is transient in
nature, macrophages will clean the area, repair will take
over, and the tissue will return to its previous state with
connective tissue heavily infiltrated with lymphocytes,
plasma cells, and macrophages.

A shift in the equilibrium could also be qualitative in
nature: a shift in the bacterial population. Some bacter-
ial strains developed a variety of phagocytosis-evading
mechanisms that allow them to survive a massive host
PMN attack. Some Porphyromonas gingivalis strains iso-
lated from suppurating periapical lesions have the capa-
city to evade phagocytosis due to an antiphagocytic
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capsule that they possess.73 Other strains have a potent
protease that attacks and destroys the C3 and/or C5
complement molecules, thus disrupting this essential
antibacterial mechanism.74–76 Some strains developed a
unique evasion strategy and have proteases that clip off
the Fc portion of IgG molecules that attach to their
surface, thus creating host-derived shields made of Fab
fractions that protect them from phagocytes.77 Strains of
Actinomyces israelii have yet another strategy: they form
aggregates and biofilms that cannot be penetrated by the
PMNs and are too large to be phagocytized.59,61,78–80 A
frustrated host response will continuously pour large
amounts of PMNs into the battle field only to result in
local tissue destruction and pus formation but without
any real effect on the bacteria. A draining sinus tract is
the clinical expression of the resulting chronic apical
abscess.

FLARE-UPS IN PERIAPICAL LESIONS:
AN IMMUNOBIOLOGICAL VIEW
A flare-up represents a shift from the equilibrium pre-
viously established between bacteria in the root canal
and the host response81 (Chapters 7 and 20). The
immune response to extruded bacteria and bacterial
by-products results in two main events that occur con-
comitantly and result in the above symptoms: a vascular
and a chemotactic response. Antibodies bind to their
specific bacterial antigens, thus activating the comple-
ment system via C1q and the ‘‘classical pathway’’. Large
amounts of C3a and C5a are generated that drive these
two main events. C5a and C3 bind to receptors on local
mast cells, causing them to degranulate and release
vasoactive amines, such as histamine, in the area.12,35

The resulting vasodilatation and increased vascular per-
meability provide additional complement and systemic-
specific plasma-derived antibodies to the ongoing
response. Other large proteins also leave the blood ves-
sels. This, in turn, results in a disturbance of the osmotic
system that is responsible for the water balance between
blood and adjacent tissues. Normally, fluid that leaves
the blood vessels in the arterial part of the capillary bed,
under the driving force of hydrostatic blood pressure,
should be drawn back into the bloodstream in the
venous part. This occurs due to the osmotic pressure
generated by the large molecules that stay in the blood
vessels. When this gradient is disrupted by the large
molecules that leave the blood vessels, due to the
increased permeability, water stays in the tissue, which
results in edema. Since the bony crypt, in which the
periapical lesion is contained, cannot expand, this pro-
cess will result in increased pressure. The one direction
in which this pressure may be partially relieved is mov-

ing the tooth occlusally, as far as the periodontal liga-
ment fibers will allow. This tooth may now occlude
prior to the adjacent teeth, causing an additional
mechanical trauma, and the patient experiences more
pain.

The other process caused by local complement activa-
tion will be a massive chemotactic signal that will attract
large amounts of PMNs into the area that may result in
abscess formation by the mechanisms discussed above.

PAIN IN APICAL PERIODONTITIS
Pain associated with symptomatic apical periodontitis is
sometimes of moderate or severe nature, whereas most
periapical lesions are not associated with pain at all.82,83

It may be a spontaneous pain or a painful response to
mechanical stimuli such as percussion, occlusal loading,
or sensitivity to palpation of the periapical tissues.84

Pain is defined as ‘‘an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage.’’85 Accordingly, it has peripheral, as well as
central, components and is subjected to modulation at
each of these levels.

The key peripheral event is the stimulation of noci-
ceptors, neurons that are preferentially sensitive to nox-
ious stimuli or to stimuli that would become noxious in
a prolonged exposure.85 Peripheral nociceptors may
respond to mechanical, chemical, or thermal stimuli,
the first two being of significance in apical periodontitis.
Local sensitization of nociceptors may be induced by
numerous mediators that are present in the inflamed
periapical tissue (Figure 3). Some of these mediators,
such as IL-1a, IL-1b, TNF-a, IL6, or nerve growth factor
(NGF), are locally produced by cells of the immune
system.86–89 Others such as CGRP and Substance P
derive from stimulated nerve fibers that may become
abundant in the area by a sprouting process associated
with chronic inflammation.90 Blood-derived bradykinin
may also be locally present.91 Some local, peripheral
mediators, such as bradykinin and serotonin, may
directly induce action potential in the nociceptors.91

The effect of others, such as prostaglandins, NGF, cyto-
kines, serotonin, nitric oxide and adenosine, is indirect,
as they lower the stimulatory threshold of these nerve
fibers.86 Pressure building up in the bony crypt, due to
edema, is unable to release by swelling, as would be the
case in soft tissues. Triggering of pressure nociceptors
that have a lowered threshold will result in pain that is
often described as an ‘‘excruciating pain’’ and may be
relieved only by either natural or artificial drainage.92

The proalgesic effect of some cytokines such as IL-1b,
IL6 and TNF-a may be partially explained by enhance-
ment of local prostaglandin production.88 Nevertheless,
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some will have additional indirect effects. IL-1b enhances
the production of NGF by mast cells and T lympho-
cytes.93,94 NGF, in turn, binds to its receptors on the
primary afferent neuron, resulting in the release of neu-
rotransmitters.95 It will also increase the expression of
bradykinin receptors and increase the neuron’s sensitivity
to acidic pH that is often encountered in inflamed tis-
sues.96 IL-1b also enhances the local formation of another
pain-inducing arachidonic acid metabolite: LTB4.88 In
addition, bradykinin itself may initiate a cascade of cyto-
kine release that mediates hyperalgesic state by contribut-
ing to the above-mentioned mechanisms.97

The presence of the above-mentioned mediators in
symptomatic periapical tissues is well documen-
ted.22,98,99,100 Nevertheless, pain is not a typical symp-
tom of asymptomatic apical periodontitis. This may be a
simple quantitative issue: it could be that only when
local proalgesic mediators reach a certain threshold,
pain does appear.98,101,102 Nevertheless, it seems to be
more complicated.

Local proalgesic effects of the mediators mentioned
above are partially balanced by analgesic mediators
derived from inflammatory cells (see Figure 3). Macro-
phages release somatostatin (SRIF) that has a local
analgesic effect.103 Endocannabinoids secreted by

macrophages and opioids released by PMNs and macro-
phages most probably partially counterbalance the
proalgesic mediators in the inflamed tissue.104–108 This
concept was recently elegantly supported by blocking
the migration of these cells into inflammatory sites.
Inhibition of this migration was achieved by specific
antibodies against certain integrins and selectins that
mediate margination and diapedesis. It generated a
strong proalgesic effect, most probably due to the lack
of the effect of the analgesic peptides in the inflamma-
tory site.109,110

Central modulation of pain signals is also of major
significance and is discussed in detail in Chapter 10. Pain
associated with apical periodontitis is an end result of the
balance between proalgesic and analgesic mediators that
result in a certain level of stimulation of local peripheral
nociceptors that is then transmitted centrally, where it is
further modulated, resulting in a sensation of ‘‘pain.’’

BONE RESORPTION IN PERIAPICAL
LESIONS
Bone resorption is one of the clinical hallmarks of peri-
apical pathosis. The resorption may be viewed either as
an undesirable destructive by-product of the host

Figure 3 Local activation of nociceptors in an apical granuloma. Nociceptors (N) respond to mechanical and chemical stimuli. Bradykinin (BK) may
directly induce action potential in a nociceptor. Others such as prostaglandins, nerve growth factor (NGF), and cytokines may act indirectly by
lowering the stimulatory threshold of the nociceptors or by increasing their expression of BK receptors. All the mediators above have a proalgesic
effect (black arrows). Opioids, endocannabinoids, and somatostatin (SIRF) generated by macrophages and PMNs have an analgesic effect (purple
arrows).
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response, as is the case with periodontal disease, or
alternatively, as is traditionally presented, as a process
by which a bone is removed from a risky area, thus
allowing a ‘‘buffer zone’’ to be formed in which host
response constituents engage the bacteria. In any case, it
is bone resorption in the periapical area that serves as a
major indicator of the presence of a periapical patholo-
gical process and the progression of its healing to the
clinician. As such, it has been thoroughly studied in
both humans and animal models.

POTENTIAL VERSUS ACTUAL
BONE-RESORBING AGENTS
Bone resorption occurs through the activation of the
bone-resorbing cells: the osteoclasts. A wide range of
biologically active molecules have been demonstrated
to have the capacity to activate osteoclastic bone resorp-
tion in in vitro models. These include prostaglandins,111

bacterial endotoxin,112 complement activation products,
as well as the inflammatory cytokines IL-1a, IL-1b,
TNF-a, TNF-b, IL-6, and IL-11 that, as a group, were
previously referred to as ‘‘osteoclast-activating fac-
tor.’’113 Among these, IL-1b is the most active cytokine
and its bone-resorbing capacity is 13-fold of that of IL-
1a and 1000-fold of that of TNF-a or TNF-b.114 When
considering the periapical bone resorption associated
with infected root canals, all of these have been men-
tioned and most of them were demonstrated in periapi-
cal lesions.6,12,33,48,53,98,100–102,115,116 The question was
which of these potential bone-resorbing stimuli is actu-
ally involved in the activation of osteoclasts in these
lesions?

Two studies by Wang and Stashenko48 have provided
convincing evidence that among the long list of potential
mediators that may activate osteoclasts and cause peri-
apical bone resorption, the main factors and those that
are most important in human chronic periapical lesions
are IL-1b and TNF-b. In the rat model of induced active
periapical bone resorption, IL-1a and, to a lesser extent,
IL-1b and TNF-b are the major bone-resorbing cyto-
kines.117 Both studies suggest that osteoclast activation
by these cytokines may be mediated in part by de novo
formation of cyclooxygenase pathway products such as
prostaglandins, as the effect could be significantly
blocked by nonsteroid anti-inflammatory drugs
(NSAIDs).48,117

The formation of periapical lesions was studied
in the rat model by Kakehashi, Stashenko, and
others.9,19,25,31,118,119 Following exposure and bacterial
contamination of the pulp chamber and the root canal,
an inflammatory response is activated in the periapical
region that is associated with rapid growth of a periapi-

cal lesion, the size of which can be monitored using
either radiographs or histological sections. This rapid
growth persists for 15 days and is associated with
‘‘bone-resorbing activity’’ that can be detected in homo-
genates of the lesions and measured using an in vitro
bone resorption assay.119 Following the active resorptive
phase, the lesions remain at a stable size for as long as 30
days.120 During this stationary phase, the bone-resorb-
ing activity declined to 10 to 30% of that in the active
growing stage. This last stationary phase is considered to
be equivalent to an existing chronic, periapical granu-
loma in humans that also contains bone-resorptive
activity.48 The cytokines defined in the above studies
are found in human periapical lesions in measurable
amounts. Lim and colleagues102 found significant
amounts of IL-1b in homogenates of human periapical
lesions, even though none of the patients had detectable
serum levels of this cytokine. Noninflamed pulp tissue,
which served as a control, was also free of the cytokine.
Periapical exudates were studied by Matsuo and collea-
gues121 for their IL-1a and IL-1b contents. Exudates,
obtained through the root canal, contained an average
level of 6.57(±0.73) ng/mL of IL-1b and 3.23
(±0.66) ng/mL of IL-1a. The cytokine profile changed
following root canal treatment with a tendency of IL-1a
to increase and of IL-1b to decrease.122,123

CELLULAR SOURCES OF
BONE-RESORBING CYTOKINES
Even though IL-1 and TNF may be produced by many
cell types, the activated macrophage is considered to be
the main source of IL-1a, IL-1b, and TNF-a.124 On the
other hand, TNF-b is commonly considered to be an
activated T-lymphocyte product.125 In view of the
above, two cell types should be considered as being
responsible for bone-resorbing activity in human peria-
pical lesions: activated T cells and activated macro-
phages. Not all T lymphocytes or macrophages in the
periapical lesion are in a state of activation. Kopp and
Schwaring18 have found that only 6% of the T lympho-
cytes in human periapical granulomas were activated.
Artese and colleagues,53 who also used human periapical
granulomas, demonstrated that while 41% of the mono-
nuclear inflammatory cells were macrophages, only 2 to
3% of these cells were activated and produced IL-1b and
TNF-a. The activation states of these cells are closely
related to each other: T helper lymphocytes may
be activated in an antigen-specific manner by antigen-
presenting macrophages that also produce the IL-1
required to accomplish this process. Macrophage activa-
tion, as part of the acquired, specific immune response,
may be achieved by cytokines such as IFN-g that are
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produced by the activated T lymphocytes (see Figure 1).
Macrophages may be activated by other routes, such as
by exposure to bacterial endotoxin (LPS), as part of
innate, nonspecific immunity.126

STUDIES IN ATHYMIC ANIMALS
Athymic rats and mice are powerful tools used to study
and demonstrate the essential role of T lymphocytes in
other immunobiological processes.127,128 These animals
lack T cells, and consequently T-cell function is missing,
rendering a variety of immune responses inactive. Such
animals were used in two studies that assumed that
periapical bone resorption and the development of peri-
apical lesions would be defective in athymic animals.
The results of these studies should be viewed as a turn-
ing point in the understanding of the immunobiology of
the host response and bone resorption in periapical
lesions. Wallstrom and colleagues129 demonstrated that
no significant difference existed between the periapical
tissue responses of conventional and athymic rats. Simi-
lar results were reported in a study by Tani-Ishii and
colleagues31 using athymic mice. They also found that
periapical lesions developed in the T-cell-lacking ani-
mals at a rate that precluded the possibility that T
lymphocytes are essential prerequisites in the develop-
ment of these lesions. Even though T lymphocytes may,
and most probably do, contribute to the process, alter-
native routes likely exist, enabling the formation of
lesions in their absence.

Activated macrophages may serve in such a route in
the formation of periapical lesions. Macrophage activa-
tion may occur by a variety of pathways. Cytokines such
as IFN-g , produced by antigen-specific activated T lym-
phocytes, are the main immune response-related activa-
tors of the macrophage.124,130 In their absence, bacterial
endotoxin (LPS) may successfully accomplish this
task.126,131,132 This activation of the macrophage may
be viewed as part of innate immunity, independent of
a specific response to antigens. This may have been the
mechanism by which the lesions developed in the athy-
mic animals. The bacterial content of the infected root
canals in these animals gradually developed to 46%
gram-negative flora.133 LPS, derived from these gram-
negative bacteria, could activate macrophages in the
periapical area, independent of T lymphocytes. These
macrophages, in turn, produce their cytokines IL-1a,
IL-1b and TNF-a that activate osteoclastic bone resorp-
tion. This does not preclude the participation of T cells
in the process in normal animals, but rather turns the
spotlight to the main effector cell: the macrophage. This
result is in agreement with the finding that in the rat
model, IL-1a is the major bone-resorbing cytokine while

TNF-b, the T-cell product, could not be detected in
these lesions by antibody-blocking or immunohisto-
chemical studies.54,117

OSTEOCLAST ACTIVATION: UPDATED
CONCEPT
The concept of osteoclast activation had a missing link
for many years. It was well known that both systemic
factors such as parathyroid hormone (PTH) and local
factors such as IL-1b activate osteoclastic bone resorp-
tion. Osteoclasts do not have receptors for either of
these agents. The presence of other cells such as osteo-
blasts or stromal bone marrow cells that do have the
proper receptors is required.134 An intermediate factor,
produced by other bone cells and affecting the osteo-
clasts, had been hypothesized in an attempt to solve this
enigma.113 It was also recognized that bone cells and
osteoclasts have to be in proximity to each other to allow
the activation to take place.134,135

The missing link has recently been discov-
ered.134,136–139 (Figure 4A,B). A group of cell surface
receptors and soluble ligands is responsible for up- and
downregulation of osteoclastic bone resorption. When
bone cells are activated by either PTH or IL-1b, they
express a ligand named osteoprotegerin ligand (OPGL,
RANK-Ligand) on their surface that has the following
two main functions:

(1) Binding to a surface receptor RANK (receptor
activator of nuclear factor kB) on mononuclear
preosteoclasts, thus inducing their maturation to
multinucleated mature osteoclasts

(2) Binding to RANK, also expressed on the surface of
mature but inactive osteoclasts, thus activating
them to become active bone–resorbing cells with
a fully expressed ruffled border.134

This process results in increased numbers of active
osteoclasts and bone resorption. Such a mechanism also
explains the well-established need for cell proximity
during osteoclast activation: both receptors and ligands
are surface molecules that require proximity for binding.
Inflammatory bone resorption may have yet another
avenue of osteoclast activation, as activated T cells may
also express OPGL on their surface, allowing them to
directly activate the osteoclasts.140–142 Downregulation
of bone resorption is carried out by a soluble inhibitor,
osteoprotegerin (‘‘bone protector’’, OPG), that binds to
OPGL and serves as a competitive inhibitor of RANK,
preventing its binding to OPGL. This soluble inhibitor
was among the first to be discovered. It has been clini-
cally tested as an osteoporosis preventing agent with
promising results.143
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OPGL was recently demonstrated to be present in
human periapical granulomas where it was found on
macrophages and dendritic cells.144,145 This, taken
together with the recent demonstration of OPG produc-
tion by periodontal ligament fibroblasts, may have
important future implications and applications.146

Histopathology of Periapical Lesions

of Endodontic Origin

The discussion of the histopathology of periapical
lesions includes the apical granuloma, as well as two
entities that may develop within it or from it: apical
abscess and apical cyst.

The apical granuloma is an inflammatory lesion
dominated by macrophages, lymphocytes, and plasma
cells (Figure 5A,B). Abundant capillaries may be found
with numerous fibroblasts and connective tissue fibers.
It is often encapsulated in collagenous connective tissue.
Epithelial cell proliferation is a common finding in
apical granuloma. Serial sectioning reveals that epithelial
proliferation occurs in 6 to 55% of these lesions.81,147

They are believed to originate from the epithelial cell
rests of Mallasez that proliferate under the influence of
cytokines and growth factors generated in the periapical
granuloma (Figure 6). Thus, the presence of epithelial
cells in a granuloma is a common finding, and its
development into a cyst may be considered to be an
event that occurs with time within an existing apical
granuloma.

PMNs are found in varying numbers in an apical
granuloma and may reach a local dominancy within a

given area of the granulomatous tissue when an abscess
is formed. Thus, an apical abscess may be considered to
be a transient or persistent event (in the case of a
chronic apical abscess) that occurs within an existing
apical granuloma. In general, the histological picture of
granulomas varies considerably.81,148 The simple, well-
organized morphological description of apical period-
ontitis, based on a zonal pattern, hardly represents the
common reality. It was originally an extrapolation from
observations by Fish in an experimental model.149 The
experimental lesions were produced in guinea pigs by
drilling holes in bones and packing them with wool
fibers saturated with microorganisms and were not asso-
ciated with infected root canals. This zonal pattern has
been a conceptually useful teaching aid and, as such, has
survived through the generations.150–152 Nevertheless,
one should not expect to find it in random biopsies of
periapical granulomas, as it does not seem to represent
the actual structural variation seen in most periapical
lesions. In fact, great structural heterogeneity is the norm
for apical periodontitis, particularly in chronic
lesions.81,148

The hallmark of an apical abscess is the presence of
pus: an area containing liquefied tissue. Abscesses are
usually found within a pre-existing apical granuloma
and represent a shift in cellular dynamics. The influx
of PMNs is dramatically increased to the extent that
tissue macrophages are no longer able to effectively cope
with the tissue damage caused by hydrolytic enzymes
released from a vast number of dying PMNs. Connective
tissue constituents such as collagen and hyaluronic acid
are degraded and the tissue in the center of the abscess is
liquefied. On the periphery of the abscess, the tissue of

Figure 4 Osteoclast activation via osteoprotegerin ligand (OPGL) (RANK-ligand). A, Osteoblasts and bone marrow stromal cells express OPGL
(RANK-ligand) when stimulated by either PTH (parathyroid hormone) or the cytokines IL-1 and tumor necrosis factor-b (TNF-b). B, Osteoclast
precursors that carry the RANK-receptor on their surface are activated to develop into multinucleated osteoclasts, thus increasing the number of
osteoclasts in the area. Osteoclasts that are present are activated through their RANK-receptor to become active in bone resorption, expressing a
ruffled border. Osteoclast activation is downregulated by the soluble competitive inhibitor osteoprotegerin (OPG) that inhibits the binding of RANK
to its ligand OPGL.
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the apical granuloma persists and its adjacent layer is
infiltrated with a large number of PMNs that are migrat-
ing from the nearest blood vessel to end their life in the
pus-containing center of the abscess.

A histological continuum may be found between an
apical granuloma that contains a small number of infil-
trating PMNs, through a granuloma with a large num-
ber of infiltrating PMNs, and an established apical
abscess. The former may be histologically termed a
granuloma with acute inflammation, but only the latter
warrants the term apical abscess.

An apical cyst is an epithelium-lined cavity that con-
tains fluid or semisolid material and is commonly
surrounded by dense connective tissue (Figure 7).
Apical cysts are associated with teeth that have necrotic
pulps and an infected root canal system and develop
within the periapical inflammatory lesion, the granu-
loma. The cyst cavity is most commonly lined with
stratified squamous epithelium of varying thickness
that originates from the epithelial rest cells of Malassez.
Nevertheless, lining with ciliary epithelium that origi-
nates from an adjacent maxillary sinus may also be

Figure 5 Apical granuloma: histopathology. A, The lesion is dominated by lymphocytes (green arrow) and macrophages (yellow arrow), with
abundant fibroblasts (blue arrow). B, A chronic periapical lesion with a polymorphonuclear leukocyte (PMN) infiltrate (yellow arrow).

Figure 6 Epithelial strands in an apical granuloma. Epithelial strands form a network in an apical granuloma. They may be observed in a
longitudinal section (blue arrow) or at cross section (yellow arrow and enlargement). This epithelium originated from the rest cells of Malassez
that proliferate under the influence of cytokines and growth factors in the apical granuloma. They are the source of the epithelial lining of cysts
that may develop in apical granulomas.
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found.153 The epithelial lining may be continuous, but
it is often disrupted or even completely missing, most
probably due to a secondary infection. Periapical cysts
are divided into pocket cysts (bay cyst) and true
cysts.154–156

A periapical pocket cyst (bay cyst) is an apical inflam-
matory cyst that contains a sac-like, epithelium-lined
cavity that is open to and continuous with the root
canal space.154–156 True apical cysts are located within
the periapical granuloma with no connection between
their cavity and that of the root canal space. More than
half of the apical cysts are true apical cysts while the
remainder are of the pocket cyst variety.81,154–156

The mechanism of cyst formation in periapical
inflammatory lesions has been the subject of much
debate.81,157–159 Two main theories were proposed.
The ‘‘nutritional deficiency theory’’ assumes that
epithelial proliferation results in an epithelial mass that
is too large for nutrients to reach its core, resulting in
necrosis and liquefaction of the cells in its center, thus
forming the cystic cavity. The ‘‘abscess theory’’
assumes that tissue liquefaction occurred first, at the
central part of an abscess, that was later lined by locally
proliferating epithelium, due to the inherent nature of
epithelial cells to cover the exposed connective tissue
surfaces.159 The mechanism by which cysts grow and
expand is not fully understood and most probably
involves inflammatory mediators that are present in
the lesion.81

CLINICAL MANIFESTATION AND
DIAGNOSTIC TERMINOLOGY
Periapical lesions of endodontic origin vary greatly in
their clinical manifestation. Their classification is based
on the clinical presentation at a given time point; it may
shift from one diagnosis to another, with time. Such
shifts may be understood and explained on the basis of
the biological events discussed above.

The diagnostic terminology used here will include
normal periapical tissues, symptomatic apical periodontitis
(acute apical/periradicular periodontitis), asymptomatic
apical periodontitis (chronic apical/periradicular period-
ontitis), acute apical abscess (acute periradicular
abscess), chronic apical abscess (chronic periradicular
abscess and suppurative apical/periradicular abscess),
cellulitis, condensing osteitis (focal sclerosing osteomyeli-
tis, periradicular osteosclerosis, sclerosing osteitis, and
sclerotic bone), and apical scar.

Clinical manifestations that are used to make a peri-
apical diagnosis derive from (1) subjective information
derived from a patient’s anamnesis and objective data
derived from (2) radiographic examination, as well as
(3) results of direct observation and physical examina-
tion of the patient, the subjected tooth, and surrounding
tissues.

A correlation between the clinical diagnosis and that
derived from histopathological examination of the tissue
is limited. An apical abscess may be clinically recognized
by the presence of pus; however, clinical findings and

Figure 7 Apical cyst. A partial view of the wall of a space that was filled with liquid and lined with stratified cuboidal epithelium (yellow arrow
and enlargement), originating from the epithelial rests of Malassez.
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conventional radiographs cannot predict if another
lesion is a granuloma or a cyst.160,161 Accordingly, clin-
ical manifestations and diagnostic terminologies were
discussed in this chapter separately from histopatholo-
gical features of periapical lesions. A discussion of the
latter will be in terms of form and function in order to
allow the reader to understand the processes that lead to
the clinical manifestations.

Inflammatory lesions of endodontic origin appear in
response to stimuli originating from a root canal. As
such, they are located around any of the root canal
system portals of exit. Pathogenesis and pathology of
the inflammatory lesions will be similar at any of those
portals of exit; nevertheless, the clinical and radio-
graphic manifestation may vary greatly with the location
of the involved portal. The term periradicular rather
than periapical has often been used to express this
diversity.66,102,162–165 The terms apical or periapical were
used throughout this text for the sake of simplicity, as
well as to express the fact that this is the most common
manifestation of inflammatory lesions of endodontic
origin.

NORMAL PERIAPICAL TISSUES
In normal periapical tissues, the tooth is not tender to
percussion or pressure and there is not any tenderness
to palpation of the mucosa overlying the periapical
region. There is no swelling and there are no symptoms
noted by the patient.166 Radiographically, the lamina
dura is intact and the periodontal ligament space has a
normal and consistent width along the entire root,
which is similar to that of the adjacent teeth.166 Recog-
nition of ‘‘normal’’ is essential to estimate changes that
may occur with disease, as well as their gradual disap-
pearance with healing.

SYMPTOMATIC APICAL PERIODONTITIS
Symptomatic apical periodontitis occurs within a pre-
viously healthy periapical region in response to either
microbiological or physical irritation.166 The former
may result from an initial emergence of bacteria or their
products from an infected root canal into the apical
periodontium. The latter may result from endodontic
treatment when there is mechanical or chemical injury
to the apical tissues. They may occur together when the
physical insult carry bacteria with it, from the infected
root canal into the apical periodontium.

If the insult was short in nature, such as with trauma
induced by a file passing through a sterile, noninfected
pulp tissue, the symptoms will usually soon subside and
healing will take place. On the other hand, if the insult is
continuous and persistent, such as the permanent com-

munication between bacteria growing in the root canal
and the host response in the apical periodontium, events
may take one of two other routes. It may either become
more and more symptomatic, a process that may
develop into an acute apical abscess and facial cellulitis.
Alternatively, it may take a quieter route and gradually
become asymptomatic apical periodontitis, with slight
or no symptoms and with typical periapical bone
resorption. Factors that dictate which route will be taken
are not completely clear, but they most probably involve
the nature of the bacteria. Their susceptibility or ability
to survive the host response may shift the balance one
way or the other. Symptomatic apical periodontitis
represents a shift of the balance established between
the bacteria and the host, in an asymptomatic apical
periodontitis lesion (see below). Such shifts may occur
due to a variety of reasons, starting with naturally occur-
ring events and ending with iatrogenically induced
exacerbation.

ASYMPTOMATIC APICAL
PERIODONTITIS
Asymptomatic apical periodontitis is a long-standing
periapical inflammatory lesion with radiographically
visible periapical bone resorption but with minimal or
no clinical symptoms. Its development is uneventful and
often goes unnoticed by the patient until it is discovered
on a radiograph or until it develops into a symptomatic
lesion. Histologically, the radiolucent area associated
with asymptomatic apical periodontitis will be either a
granuloma or a cyst. The radiological appearance of the
lesion may take a wide range of shapes and sizes that has
tempted clinicians to search for a correlation between
size and morphology of the lesion and its histological
nature. The appearance of the radiolucent area in con-
ventional radiographs cannot predict its histological
diagnosis.160,161,167,168 Recent innovative technologies
may be more predictive (see Chapter 15).

ACUTE APICAL ABSCESS
An acute apical abscess is characterized by rapid onset,
spontaneous pain, tenderness of the tooth to pressure,
pus formation, and eventual swelling of the associated
tissues. At the initial stages of its formation, the process
may be extremely painful, as pressure builds up in the
restricted periapical space. The establishment of drai-
nage through the root canal may, in some cases, end the
agonizing process. Left to natural events, an acute apical
abscess will sometimes subside. In most cases, the over-
lying cortical plate will eventually perforate and puru-
lence will accumulate under the periosteum producing a
painful condition. Only with the perforation of the
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periosteum will the pus be able to drain and allow the
major pain to subside. At this stage, a local swelling will
appear and an incision for drainage should be made in
the overlying tissues. In some cases, natural drainage will
be established within a few days by perforation of the
covering tissue. In other cases, the swelling will remain
for some time before it gradually subsides.

CHRONIC APICAL ABSCESS
A sinus tract is the hallmark of the chronic apical
abscess. The inflammatory process perforates one of
the cortical plates and a draining sinus tract is estab-
lished that allows for continuous discharge of pus form-
ing in the periapical lesion through the oral mucosa or,
in rare cases, through the skin. Typically, a stoma of a
parulis can be detected that, from time to time, will
discard the pus. Sometimes a sinus tract will lead to
the maxillary sinus and will go unobserved. A sinus tract
may also exit in the gingival sulcus and must be differ-
entiated from periodontal disease. A chronic apical
abscess is most commonly, but not always, associated
with an apical radiolucency. It is asymptomatic or only
slightly symptomatic, and the patient may often be
unaware of its presence. This may last as long as the
sinus tract is not obstructed. Even when such an
obstruction occurs, it is most likely that any swelling
will be of limited duration and will be limited to the
local area of the sinus tract, as both the bone and the
periosteum are already perforated.

CELLULITIS
Cellulitis is a symptomatic edematous inflammation
associated with diffuse spreading of invasive microor-
ganisms throughout connective tissue and facial planes.
Diffuse swelling of facial or cervical tissues is its main
clinical feature. Cellulitis is usually a sequel of an apical
abscess that penetrated the bone, allowing the spread of
pus along the paths of least resistance, between facial
structures. This usually implies the facial planes between
the muscles of the face or the neck (see Chapter 20).
Spreading of an infection may or may not be associated
with systemic symptoms such as fever and malaise. Since
cellulitis is usually a sequel of an uncontrolled apical
abscess, other clinical features typical of an apical
abscess are also expected. Spreading of an infection into
adjacent and more remote connective tissue compart-
ments may result in serious or even life-threatening
complications. Cases of Ludwig’s angina,169 orbital cel-
lulites,170 cavernous sinus thrombosis,171 and even death
from a brain abscess172 originating from a spreading
dental infection have been reported.

CONDENSING OSTEITIS
Condensing osteitis (focal sclerosing osteomyelitis) is a
diffuse radiopaque lesion believed to represent a loca-
lized bony reaction to a low-grade inflammatory stimu-
lus, usually seen at the apex of a tooth (or its extraction
site) in which there has been a long-standing pulp
pathosis. It is characterized by overproduction of bone
in the periapical area, mostly around the apices of man-
dibular molars and premolars that had long-standing
pulp pathosis. The pulp of the involved tooth may be
chronically inflamed, but since such inflammation may
lead to pulp necrosis, it may be expected that, at some
stage, the involved pulp is nonvital. The radiopacity may
or may not respond to endodontic treatment.

APICAL SCAR
Apical scar is not an inflammatory lesion, but rather an
uncommon pattern of healing of an apical inflammatory
lesion. It consists of a dense collagenous connective
tissue in the bone at or near the apex of a root with a
distinctive radiolucent presentation.173,174 It represents a
form of healing that is usually associated with a root that
has been treated surgically. Perforation of both facial
and lingual osseous cortices is believed to result in
collagenous rather than osseous healing.173,175 Maxillary
lateral incisors are the most frequently affected teeth.
Definitive clinical diagnosis is very difficult without
histopathological examination. A case history may be
helpful, especially when a detailed surgical report is
included. Periapical inflammation that, with time,
resorbed and perforated both cortices may also result
in an apical scar. Since such cases are quite rare,160,174,176

the probability that a given nonresponsive periapical
lesion, with no surgical involvement, is actually an apical
scar is extremely low when compared to that of a rather
common posttreatment disease.

Traditional Concepts Versus

a Futuristic View

The current concept and rational of endodontic treat-
ment of periapical lesions has not changed significantly
for many years. It is centered on one issue: stopping the
bacterial stimulation of the host response at the apical
foramen/foramina that would allow healing of the
lesion. Methods used to achieve this goal include the
following:

(1) Cleaning, shaping, and disinfection, aimed at thor-
ough elimination of bacteria from the root canal
system
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(2) In case the above procedure fails, surgical removal of
residual infected tissue in apical ramifications of the
root canal system inaccessible to the above-men-
tioned procedure and thus may still harbor bacteria

(3) Root-end sealing of the root canal system to pre-
vent continuous bacterial stimulus that may still
exist after the completion of stages ‘‘a’’ and/or ‘‘b’’
described above.

This comprises a simple and rather mechanistic rational
that has worked well for several generations. Nevertheless,
by limiting itself to this concept alone, the profession may
ignore, or at least make no use of the vast information
and potential tools generated over the last two decades in
bone biology research and in studies aimed to pharma-
cologically modulate destructive immune responses.

The ideas, information, and concepts that follow
should not be taken as proven or approved clinical ther-
apeutic protocols. They should rather provide a concep-
tual framework for understanding possibilities and new
avenues of thought that will most probably become pos-
sible in the coming years. They are aimed to prepare the
minds and hearts of future leaders of the profession and
inspire them to look into additional therapeutic avenues.
Endodontics should not limit itself only to better ways of
cleaning, shaping, and obturation. Biological research
may provide, in the not so far future, new concepts and
methods to supplement traditional ones.

Endodontic treatment is aimed to eliminate bacteria
from infected root canals that will later be sealed to
prevent recontamination. With the elimination of the
bacterial stimuli that evoked the periapical inflamma-
tion, the periapical lesion should resolve and repair
should take place. Healing of the lesions may take many
months.177–180 It may be argued that if a given lesion
eventually heals in 12, 24, or even 36 months, there is no
benefit in rushing the process. Nevertheless, shortening
the healing time may have clinical importance, as it may
(1) allow earlier decisions in regard to the restorative
treatment plan related to the treated teeth and (2) limit
the period for which temporary crowns and bridges are
used; temporary restorations that may leak and allow
recontamination of the treated root canal.

The prolonged healing process of many periapical
lesions raises the possibility that the activated cells in
the lesion may maintain their state of activation long
after the initial cause of their activation has been elimi-
nated. Namely, the activation state may outlive its useful
purpose and become a burden. Macrophages are known
to persist in tissues for many months and if their state of
activation persists, they may inhibit the fibroblasts,
maintain osteoclastic activity, and inhibit osteogenesis,
thus preventing both soft connective tissue and bone

repair from taking place.126,181 Indirect support for this
notion may be found in a study carried out, for a totally
different purpose, by Kvist and Reit.178 Healing of peri-
apical lesions was compared following surgical and
nonsurgical retreatment. At 12 months, a significant
difference was found in favor of surgical treatment that
faded by 48 months to almost no difference between the
groups (Figure 8). If the idea presented above is true,
these results may support early surgical removal of the
tissue containing activated macrophages, allowing its
replacement with fresh granulation tissue that contains
a fresh set of cells that will not delay repair.

If this concept is valid, it may be important and possible
to monitor the state of activation of periapical macro-
phages by sampling the interstitial fluid of the lesion
through the root canal.121,123,182 Recently Kuo and collea-
gues122 were successful in performing such measurements
and were able to quantify the IL-1b concentration in
apical exudates and correlate it with clinical and radiolo-
gical features of the lesions. A longitudinal study that
evaluates the correlation between the diminishing IL-1b
content of the lesions and their gradual radiographic
repair will be required to prove this point.

Assuming that such inhibitory mechanisms are
involved in the prolonged and delayed repair of periapical
lesions, pharmacological modulation of the process may
be considered (Figure 9). Stashenko and colleagues113

demonstrated that an IL-1 receptor antagonist may be
used in animals to reduce the bone-resorbing activity
and the formation of periapical lesions. Similarly, NSAIDs
were successfully used for a similar purpose in both
experimental and human periodontal diseases, as well as
in the cat model for periapical lesions.183,184 These two
approaches were directed at either blocking the binding of
the already produced cytokine to its target cells or inter-
fering with its action on osteoclasts and osteoblasts that
may involve prostaglandin production.48,117

Tetracyclines may be used to inhibit cytokine secretion
by activated macrophages.185,186 Shapira and collea-
gues186 studied tetracycline inhibition of TNF and IL-1
production by LPS-activated macrophages and found its
effect to be at a post-transcriptional level: both mRNA
and the cytokines themselves were produced but they
were not secreted into the cells’ surroundings. Tetracy-
clines may also inhibit bone resorption by other
mechanisms that are unrelated to their antimicrobial
capacity. This is mediated by inhibition of connective
tissue metalloproteases.187 Accordingly, it has recently
been demonstrated that systemic low-dose tetracycline
inhibits the formation of periapical lesions in rats by a
mechanism(s) that is unrelated to their antimicrobial
effects.188 An alternative strategy may be to try to locally
‘‘turn off’’ the activated macrophages, thus lowering the
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local production of IL-1 in the lesion. Modulation of
macrophage activation has been attempted both in vivo
and in vitro using glucocorticoid steroids.126,130,189,190

Macrophages, activated to become tumoricidal, were

‘‘turned off’’ in vivo by a process involving steroids.189

Recently, Metzger and colleagues126 reported that sup-
pression of fibroblast proliferation by LPS-activated
macrophages was reversed using hydrocortisone.

Figure 8 Healing of periapical lesions following surgical removal of the chronically inflamed tissue, compared to healing after retreatment. By 48
months, no difference was found between the groups. Nevertheless, healing was much faster when the tissue was surgically removed, with a
significant difference at 12 months. Adapted from Kvist T and Reit C.178

Figure 9 Potential pharmacological modulation of the healing of apical granuloma. A, Traditional endodontic approach: elimination of the
bacteria from the root canal, followed by obturation of the root canal to prevent recontamination. B, Potential additional sites for pharmacological
modulation. Either the local production and release of bone-resorbing cytokines or their effect on bone cells is a potential target for ‘‘turning off’’
the lesion, once its activity had outlived its useful, protective purpose.
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Dexamethasone also inhibited periapical lesion forma-
tion in the rat model, most probably by a similar
mechanism.191 Such effects on macrophage activation
and production of its mediators have also been reported
by others and were attributed to inhibitory effects of the
steroids at the gene transcription level.130,192,193

If and when bacteria are no longer present in the root
canal, the state of activation of the macrophages may
outlive its useful and beneficial purpose. Attempts to
‘‘turn off’’ the host response and its effects in the lesion
may represent a new biological treatment modality that
may alleviate suppression and enhance repair in these
lesions (see Figure 9). Local delivery of desired pharma-
cological agents should be simpler in the closed envir-
onment of the periapical lesion, as compared to similar
attempts in periodontal pockets. Local sustained delivery
of drugs aimed at this goal may easily be achieved. By
using biodegradable slow release devices in the form of a
point that may be inserted through the root canal into
periapical tissues, it may locally deliver the drug or drug
combination for a predetermined period of time.

A better understanding of the immunobiology of
periapical lesions may eventually result in a different
endodontic practice than is encountered today. Chair-
side diagnostic kits that will allow definition of a peria-
pical lesion as ‘‘active’’ or ‘‘healing,’’ by sampling via the
root canal prior to obturation, seem logical and possible.
Similarly, pharmacological modulation of the healing
process may also be near.

An alternative approach has recently emerged with
the development of a device that allows enucleation of
the periapical tissue, through the root canal and the
apical foramen. The Apexum TM protocol is applied just
before root canal obturation. Once cleaning, shaping,
and disinfection of the root canal is completed, the
apical foramen is enlarged by passing a No. 35 rotary
file to 1 to 2 mm beyond the apex. This passage is used
to insert a specially designed nickel–titanium wire into
the periapical tissue that rotates and minces the tissue
(Figure 10A,B). This is followed by a biodegradable fiber
rotated at a higher speed that turns the tissue into a thin
suspension that is then washed out with saline using a

Figure 10 Apexumª: A method for minimally invasive removal of periapical tissues through the root canal. A, The Apexum NiTi Ablatorª (1, 2).
The black tube contains a nickel–titanium wire that is protruded when pushed through the apical foramen. Upon entering the periapical area, it
takes a specially designed form (2) and is rotated at 300 rpm, mincing the soft tissue, while being deflected from the surrounding bone. The
Apexum PGA Ablatorª (3) has a fiber made of biodegradable material that is rotated in the periapical area at 5000 rpm, grinding the tissue to a
thin suspension that is then washed out with saline. B, (1) The nickel–titanium tube is inserted to the working length. (2) The Apexum NiTi Ablator
is pushed and inserted into the periapical area. (3) Once the Apexum procedure is completed, the root canal is obturated with a root canal filling.
C, A maxillary incisor immediately after the completion of the procedure and 3 months later. Note the rapid bone healing in the periapical area.
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30-G needle. A fresh blood clot forms in the periapical
bony crypt. Ongoing clinical trials indicate that much
faster periapical healing occurs, similar to that encoun-
tered with apical surgery (see Figure 10C).

ALVEOLAR OSTEOPOROSIS
ASSOCIATED WITH BRUXISM
Ingle194 and then Natkin and Ingle195 have described a
syndrome (‘‘Ingle’s Syndrome’’) affecting adolescent
females related to protrusive bruxism. By the age of 13

or 14, over one-third of the mandibular incisors had
been ‘‘ground away’’ (see Figure 11A–D). Most of the
lingual enamel of the maxillary incisors were also
destroyed. In one case, a pulpal horn had already been
exposed. In all the cases, osteoporotic bone destruction
in the mental area of the mandible is apparent radio-
graphically. Also seen radiographically, from left to
right, is a graceful curve formed by the worn incisal
edges of the lower anterior teeth.

When one realizes that this amount of destruction
had occurred since eruption, within 6 or 7 years, one

A

C

B

D

Figure 11 A-D, Osteoporosis and pulp death in 14-year-old identical twin sisters with the same syndrome—Adolescent Female Protrusive
Bruxism. In both cases, incisal wear involving mandibular anterior teeth from compulsive protrusive bruxism. Nearly one-third of the teeth have
been destroyed in 7 or 8 years. Radiographs demonstrate the osteoporotic bone loss, the periapical lesions, and the graceful curve, left to right, of
the worn incisal edges common to this condition.
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recognizes the intensity of the habit. The first girl seen
was also a serious nail biter; ‘‘down to the quick’’ as she
stated.

Not only the involved teeth were mobile, even though
normal periodontal attachments were present, but also
some of the pulps were necrotic. Consulting pathologists
termed the bony destruction ‘‘traumatic osteoporosis’’
comparable to leg bone destruction seen in industry
wherein a worker constantly presses a treadle down-
ward, day after day.

Why do these girls grind their teeth in a protrusive
motion rather than the usual lateral grinding chewing
motion seen in most bruxers? The answer might be that
they derive pleasure from this habit. One consulting
psychiatrist suggested that this protrusive motion is
the same suckling motion used by infants in nursing.
Babies do not nurse by sucking (as adults do through a
straw), but by moving the mandible forth and back,
‘‘milking’’ the nipple. This is a pleasurable and satisfying
period of time in a baby’s life. And these girls might well
have some psychological need to continue the habit.
Following endodontic therapy, ‘‘night guards’’ were
constructed for these patients. They either threw them
away after 2 or 3 months or chewed through them.
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