Resorption: part 1. Pathology,
classification and aetiology
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IN BRIEF

® Explains the pathological process
involved in dental resorption.

® Discusses the classification of differing
resorptive lesions.

® Highlights the most common stimuli to
resorption.

This paper will explore the pathological process involved in dental resorption as well as its classifications and aetiology.
The second subsequent paper will look at its diagnosis and management.

INTRODUCTION

Root resorption is the progressive loss

of dentine and cementum through the
continued action of osteoclastic cells.!
In the primary/mixed dentition this is a
normal physiological process resulting
in exfoliation of deciduous teeth but in
the adult dentition is largely pathologi-
cal. Resorption can occur both internally
and externally and is known to be ini-
tiated and maintained by many factors
but pulpal necrosis, trauma, periodontal
treatment, orthodontic treatment and tooth
whitening agents are the most commonly
described stimulants.? Irrespective of the
initial cause the process is largely inflam-
matory in or?in.3
Without intervention premature loss of
the affected tooth may occur. Successful
management is dependent upon a thor-
ough understanding of the diagnosis.
ESEEAISHHAGENSAHo is oficn an
incidental finding, self limiting and best
simply monitored.
is optimally managed with
endodontic thera};y but may also require
surgical exposure and direct restoration of

the lesion. If
is suspected then decorona-

tion or close monitoring are recommended.
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In rare circumstances elective extraction
may be required but clinicians should be
aware of the potential difficulties of remov-
ing ankylosed teeth. _
- requires root canal treatment
with care to ensure good chemo-mechan-
ical disinfection and adequate extension
and compaction of the root filling into the
cleaned resorptive cavity.*

The aim of this series of two papers

is to review the literature related to the
aetiology, pathology, diagnosis and man-
agement of root resorption and to suggest
simple protocols for treatment.

HISTORY

Although considered to be a recently rec-
ognised phenomenon, a process which
could be attributed to resorption was
described in what is thought to be the
first book devoted to dentistry.” In 1806
Joseph Fox likened the process to tumours

of the bone; spina ventosa.® Tomes termed
the process absorption in 1859;” ‘while the
crown of a tooth is perfectly sound, the
root is attacked by absorption... In nei-
ther patient was there any indication of
the presence of disease, either in the gum
or in the alveolar process. He drew atten-
tion to two types of resorption, the first
being when part or the whole of the root is
resorbed without reference to another tooth
and the second in which a malpositioned
tooth overlies the root of an erupted tooth
leading to the destruction of root surface.
Tomes described impacted canines and
wisdom teeth as being the prime protago-
nists.” In 1901 Miller described irregularly
shaped cavities and hypothesised that their
cause was a combination of resorption

and pulpal infection.® In 1920 Mummery
described pink areas on teeth: it is likely
that today these would be diagnosed as
having internal resorptive lesions.® These
classical texts are predominantly descrip-
tive with only few suggestions related to
aetiology. Thus the process of resorption
despite having been recognised for centu-
ries has been poorly understood and man-
aged until relatively recently.

PATHOPHYSIOLOGY
The resorptive process has been -

_10 Osteoclasts are large

They are highly motile and have
prominent pseudopodia. They are distin-
guished from other multinucleate cells in
that the surface in contact with the bone/
dentine has a highly ruffled border. This was
first described in 1956." Within the ruffled
border intracellular vesicles fuse with the
cell membrane and consequently release
hydrogen ions and proteolytic enzymes
into a resorptive compartment between
cell and tissue surface.” This environment
is highly acidic and as a result there is dis-
solution of calcified hard tissue. The ruffled
zone is effectively sealed to the bone by
integrins. Integrins are heterodimeric recep-
tors involved in cellular processes such as
migration, attachment, proliferation, dif-
ferentiation and cell survival.” Integrins in
the ruffled border of the osteoclasts interact
with ligands, coupling the cell to the extra-
cellular matrix of the root/bone thus isolat-
ing the resorptive area (Fig. 1). Integrins
are also essential in cell activity and play a
role in the communication of information
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PRACTICE

to the cell about its surroundings and func-
tional requirements.'* The cytoplasm of the
cell contains an array of organelles that are
intimately associated with an active diges-
tive role including: extensive endoplasmic
reticulum, golgi aparatus, ribosomes and
vast assemblies of intracellular vesicles
that migrate towards the ruffled zone.

ks oot s o i

this paper the term osteoclast will be used.'

Osteoclasts are the main driver of resorp-
tion and can break down bone, cartilage
and most notably in the context of this
paper, dentine.'® The precise origin and
stimulation of the osteoclast has not yet
been conclusively proven. Multiple theories
have been postulated but SHeHICANSISAAN:
osteoclast differentiation factor/osteopro-
tegrin ligand/receptor activator of nuclear
factor k-B ligm (ODF/OPGL/RANKL), are
now known to control their formation."”
These are members of the _
FACTORCHIGRIMENAMINA " RANKL is liber-
ated from osteoblasts and stromal cells.
RANKL receptors are found on the surface
of monocytes and macrophages and release
is thought to stimulate these macrophages
and mononuclear cells to fuse and become
osteoclasts. RANKL is essential in both the
development and function of osteoclasts.'®
The osteoprotegrin/osteoclast inhibitory
factor (OPG/OCIF) is a glyco-protein and
is also a member of the tumour necrosis

factor receptor super family. This too is
secreted by osteoblasts and stromal cells
but inhibits RANKL, thus inhibiting osteo-
clastic activity.' RANKL expression can

be srimulated by [FAASFOMMNORNONG
Vitamin D3 aid Juterleukin-18. - I

latter
Indeed,

that patients with variations in the inter-
leukin 1B allele have a genetic predisposi-
tion to a resorptive tendency.*

A further significant stimulant to the
resorptive process is associated with the
presence of bacteria. Complement pro-
teins, bacterial toxins and antibodies
from B lymphocytes attract these leuko-
cytes. Though not all chemical media-
tors of inflammation found in pulpal
and periapical tissue are associated with

Intracellular
vesicles

Integrins
S

Ruffled boarder

Mature osteoclast

i ks I
f'".:al!ih AR o.r..:

Howships lacunae

Dentine

Fig. 1 A mature osteoclast; courtesy of Alan Jack, University of Manchester

Table 1 Analogous terminology in the description of resorptive lesions

External surface resorption

Surface resorption
Transient inflammatory resorption
Cemental healing

External inflammatory resorption

Progressive external inflammatory resorption
External root resorption

Peripheral inflammatory root resorption
Periapical replacement resorption

External replacement resorption

Ankylosis
Replacement resorption
Osseous replacement

External cervical resorption

Invasive cervical resorption
Sub-epithelial external root resorption
Hyperplastic tooth resorption
Odontoclastoma

Extracanal invasive resorption
Suleular infection

(and many more!

]55

Internal surface resorption

Transient internal resorption

Internal inflammatory resorption

Progressive internal inflammatory resorption
Internal root resorption

Internal replacement resorption =

osteoclastic activity they are chemoattract-
ants for leukocytes.” In the presence of
bacterial lipopolysaccharides leukocytes
differentiate into osteoclasts.*® The genera

Treponema, Porphyromonas and Prevotella
have all been shown to have such surface
lipopolysaccharide antigens.?’”* Certain
Gram-positive species have also been
demonstrated to stimulate osteoclast dif-
ferentiation through both RANKL and
RANKL-independent mechanisms.?!
Osteoclastic activity is integral to both
regular maintenance and repair of tis-
sues. For example parathyroid hormone
stimulates resorption to increase levels of
circulating calcium: a normal response to

depleted calcium.*”> From a dental perspec-
tive physiological resorption is an essential
process in the exfoliation of the primary
dentition. There is a constant equilibrium
between osteoclastic activators and inhibi-
tors. When there is an insult to a tissue,
cytokines are produced and the repair
process includes osteoclastic activity. It is
thought the RANKL system is integral to
the process of repair in dental hard tis-
sues.” If tooth tissue is irretrievably dam-
aged complete resorption may occur.

At a histological level resorption is com-

mon. " When the attachment apparatus of
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Surface Inflammatory Replacement
A
Internal
Additional information:
. . Site
Resorption Combined Extent
Periapical Disease
External
Surface Inflammatory Cervical Replacement

It has therefore been postulated

that the creation of a predentine-
like layer on the root surface can
promote regeneration and new
attachment and inhibit resorption.*’
This can be achieved by the selective
demineralisation with acid.*

Fig. 2 Schematic classification based upon Andreasen's descriptions of resorption®

w
ol

Clinically, resorptive lesions are rare.
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=
e
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riers being a vital periodontal ligament,

healthy cementum and the extra-cellular

predentine layer:

e Teeth with vital periodontal
membranes have been shown to
undergo less resorption than those with
necrotic periodontia. In experiments
in which the periodontal ligament is
selectively damaged/necrosed there is
a greater incidence of resorption. The
nature of the resorptive process has
been suggested to be related to the size
of the area of necrosed periodontal
membrane.’” The healing capacity of
the periodontal ligament may be up
to 1.5 mm initially. Thus larger areas
of damage may not heal and may be
prone to resorption.’”*® It has also been
shown that periodontal ligament cells
can produce RANKL. It may be that
damage to the periodontal ligament
produces such a large inflammatory
response that the cementoid layer is
damaged too*

to resorption than dentine. "' The

external surface of cementum is
formed by a layer of cementoblasts
over a layer of cementoid. It may
be that this (SEINSEISENENS
is the barrier. In addition cementum
is thought to lack those proteins
found in bone that may stimulate
SISy . Furthermore

it has also been postulated that
cementum contains inhibitory factors
for osteoclastic processes.*> Andreasen
has hyposthesised that the fate of the
cells closest to the root dentine, that is,
the cementum, is significantly related
to the process of resorption.?” Another
function of cementum is to prevent
the spread of bacteria and toxins from
the dentine to periodontal ligament,
which in turn prevents the initiation
of an inflammatory response and
possible resorptive activity.** Thus,

for resorption to occur there must be
significant damage to the cementum
Wedenberg and Linskog hypothesised
1hat internal resistance to resorption
is due to the presence of a non-
collagenous component found in
SISESHEND® '* 1n a further study

accumulation of marcophages was
demonstrated on predentine and
demineralised dentine when the

tissue had been treated to remove
organic components with guanidium
hydrochloride.”® Thus it has been
conjectured that the GHSTTOBIESHD
layer and surrounding predentine may
also be inhibitory against resorption
in a similar way to that seen on

Thus, the root is protected in its entirety.

It has been further postulated that prior
activation and/or persistent stimulation is
essential before resorption can proceed.**
Where the stimulus is persistent a clinical
resorptive lesion may develop.

CLASSIFICATION

Resorptive lesions can be most simply

classified as external or internal. {lhe
former the lesion occurs on the external
aspect of the root. In the latter the lesion
occurs with the root upon the dentine of
the root canal and/or pulp chamber. There
have been many attempts to further clas-
sify resorptive lesions. Such classifica-
tion systems are largely based upon the
site and type of resorptive process."**>!
Classification may also be based upon the
aetiology.»*>*> Many of these systems of
classification relate to analogous termi-
nologies (Table 1). The classification sys-
tem as proposed by Andreasen is widely
acknowledged and will form the basis of
classification within this paper.** A further
category has been added into those condi-
tions classified as external: external cervi-
cal resorption.*® This has been accepted as
a pathological entity separate from other
resorptive conditions.>®

What follows is a more detailed descrip-
tion of the differing presentations of root
resorption using this modified system of
Andreassen’s classification (Fig. 2).

External surface resorption (ESR)

This process is a consequence of localised
and limited injury to the root surface or
surrounding periodontium.*”*’ It is a self-
limiting process of osteoclastic activity for
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PRACTICE

two to three weeks followed by root surface
and cemental healing and reattachment of
periodontal ligament. It has been defined
as ‘small superficial resorption cavities in
the cementum and outermost layers of the
dentine** When no further stimulation is
present such resorptive cavities will heal
uneventfully.® If the resorptive cavity is
only in cementum complete healing will
occur but if the cavity is into dentine heal-
ing with new cementum follows and thus
the contour of the root surface may only be
partially restored.>*” There is no significant
inflammatory change though this process
can continue if there is pulpal necrosis or
infection.” This process is thought to be
exceedingly common but grossly under-
reported as it is sub-clinical.”

External inflammatory
resorption (EIR)

Prolonged stimuli to areas of damaged/
denuded root surface allows continua-
tion of the process of surface resorption.’
Andreasen proposes a series of four events
necessary for this to occur: Firstly there
must be [f@ll4 to the root surface; typi-
cally after replantation where there is
damage to the periodontal ligament and
extended drying of the root surface.

Following this the —
_ into the resorptive cavity,
which must communicate with an -
_ Finally the age of the
tooth must be considered with | immature
and younger teeth being more frequently
affected.’ It may also occur with the appli-

cation of pressure. Unchecked this process
can completely resorb roots in months.
(Figs 3a, 3b and 4)

External cervical resorption (ECR)

External cervical resorption is a localised
resorptive lesion of the cervical area of
the root below the epithelial attachment
(thus it may not always be in the cervical
region.).® In a vital tooth unless the lesion
is extensive there is rarely pulpal involve-
ment.®' It is this feature that helps distin-

guish ECR from EI
3 As

with all resorptive lesions there may only
be a small area of activity upon the exter-
nal aspect of the root but with a more
lengthy stimulus the lesion may expand
within the dentine (Fig. 5). This expansion
can extend both coronally and apically,

encircling the pulp (Fig. 6).°

Nonetheless,
as the lesion progresses there may be sig-
nificant tooth structure loss.® The aetiol-
ogy remains poorly understood and both
inflammatory and infect processes have
been implicated.®® Predisposing factors to
the process include

¢ This rare condition
was first identified in 1930 by Mueller and
Rony and has been infrequently described
in the literature to date.®>* MICR affects
a number of teeth (minimum three) in

either a discrete area or more severely
across the entire dentition.®” Patients are
healthy with non-contributory medical
histories. There does not appear to be any
fully understood causative factor and case
reports do not implicate any correlation
with age, gender, ethnicity, genetic pre-
disposition or medical history. One author
has suggested a link to younger females®®
but the low prevalence hinders the abil-
ity to draw such conclusions. It has been
speculated that the condition may be
related to trauma, intra canal bleeding
and soft-tissue grafts.® Clinically lesions
are often asymptomatic with no inflam-
mation.®” The presence of the condition in
an impacted tooth precludes the possibil-
ity of a bacterial cause. It has been specu-
lated to be related to the feline herpes
virus 1 though this has not been proven.
The lesions have been shown to progress
irrespective of intervention (Fig. 7). %%

External replacement
resorption (ERR)

This is the process of replacement of root
surface with bone otherwise known as
ankylosis. The aetiology remains poorly
understood.” This may be considered a
homeostatic process of bony remodel-
ling following union of bone and dentine
(differing from EIR, which is essentially
a pathological process).”” Bony trabeculae

develop within the periodontal ligament
space and fuse to the root surface.*®’? After
initial contact of a bone bridge onto the
root surface further bony cells will invade
the root from the adjacent socket.”” ERR
may be further categorised as transient or
progressive.’ The former is self-limiting;

Figs 3a and b External inflammatory root
resorption related to the 44. The apical
lesion has also affected the 43 resulting
in loss of architecture on the disto-
apical aspect. The 43 produced a normal
response to vitality testing

Fig. 4 History of replantation 11 without
endodontic therapy. There is alteration of the
apical root form with an associated osteolytic
area of bone: consistent with EIR
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PRACTICE

Fig. 5 There is cervical resorption occurring
on both 43 and 42. 42 also appears to have
an internal resorptive process more apical to
the cervical lesion, with a horizontal fracture
present. 42 was clinically grade Il mobile

resulting from a combination of only
minor areas of periodontal ligament dam-
age and the healing capacity of adjacent
periodontium.””* The latter is a continual
process resulting in complete resorption
of the root due to extensive or complete
loss of the periodontal ligament (Figs 7
and 8). The rate of ERR varies according
to age and growth rate of the patient.”>’®
Following the onset of ERR the tooth may
be lost in three to seven years in patients
aged 7-16, but in adults the tooth may
survive 20 years.”®

Internal root resorption

This process takes place within the canal
system. It has been described as apical or
intra-radicular.'® Internal apical resorp-
tion is associated periapical pathology
and is common.”’ It may be regarded as
advancement of external inflammatory
resorption into the root canal:”’ through-
out this review apical resorption will be

regarded as presentation EIR. When not
associated with the apical area this is a
relatively rare condition.”*® It is thought
to be more prevalent in males than female
patients.*”® The precise aetiological and
pathological mechanisms remain poorly

Fig. 6 Extensive ECR associated with the
35. Note the preservation of the root canal
within the lesion

Fig. 7 All lower incisors have suffered
pathological fractures. In the absence of
any known aetiology this may be multiple
idiopathic cervical resorption

understood.*> There maybe an association
between internal resorption and trauma-
tised/replanted teeth or those teeth that
have undergone pulpotomy and crown
preparations as all these processes may
damage predentine and allow osteoclastic
action on the underlying dentine.** There
must be vital pulp tissue apical to the oste-
oclasts to provide a blood supply for nutri-
ents and necrotic/infected tissue coronal to
the osteoclasts to maintain stimulation.®
Is has been described as being transient or
progressive.®? Three sub-categories have
been described:

Internal surface resorption (ISR)

This process is analogous with external
surface resorption. Osteoclastic activity
is initiated but arrests. It is self-limiting
without further stimulation.?*

Internal inflammatory resorption (IIR)

Characterised by ovoid or fusiform
enlargement of pulp chamber or root
canal (Fig. 9). The enlargement typically
expands in an apical and lateral direc-
tion. There may be chronic pulpal inflam-
mation.®! This process may be analogous
with EIR.

Figs 8a and b ERR with a superimposed
periradicular periodontitis eight months
after replantation of 11

Fig. 9 Resorption of the dentine within 21
presents as expansion of the root canal

Internal replacement root resorption
(IRR)

Internal replacement root resorption is
rare.®’ There may be more irregular enlarge-
ment of the canal space. There are diffuse
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areas of mixed radiolucencies and radio-
opacities reflecting metaplastic changes.® It
may lead to obliteration of the canals space
with cancellous-like bone. There is uncer-

tainty as to why this process occurs. It may
be that dental pulp stem cells produce the
osteoid material as a reparative response to
trauma, inflammation or bacteria. A second
theory purposes that the cells are non-pulpal
in origin and have migrated into the pulp
from the periapical tissue via capillaries.?'

AETIOLOGY

Pulpal disease and peri-radicular
or apical pathosis

Caries or mechanical trauma will elicit

an flammatory Process within the pul-
pal tissue. This results in the production
of nonspecific inflammatory mediators.

If there is
offe08Iasts may bind to the
dentine. In the presence of such inflam-

mation osteoclastic activity may be stimu-
lated resulting in internal resorption.®*#* A

_is required to maintain the

inflammatory process so there must be
The resulting
resorptive process spreads into the dentine

around the pulp apically and laterally to
the necrotic area. It arrests unless there is
a microbial stimulus.

become completely necrotic the internal

resorptive process will cease.” It has been
suggested that resorptive processes may
still continue in the necrotic pulp if there
are accessory canals that may still provide
nutrients for osteoclasts.?® As described
above, this process of internal resorption
may be inflammatory or replacement in
nature. In the latter case not only is there
resorption of dentine but deposition of
osteoid and cementum-like material.®® It
would not appear possible to predict what
pattern of resorption may follow.?!

After complete necrosis of the pulp,
resorption may occur apically. The term
internal apical resorption describes resorp-
tion of the apical portion of the canal but it
has been suggested that this is more appro-
priately regarded as a continuum of an EIR

Fig. 10 Periapical periodontitis 12 with
EIR apically

Fig. 11 Persistent periapical periodontitis
of the 11 with loss of local architecture and
blunting of the apex: EIR

Fig. 12 This lesion on the mesial aspect
of the 27 was provisionally diagnosed as
an external inflammatory resorptive lesion
associated with the patient’s periodontal
condition. Surgical exploration revealed a
large, non-carious surface defect on the
mesial root surface

Figs 13a and b A severe intrusion injury
to 11. External resorption is likely on
this tooth

rather than an internal process.®’ Apical
inflammatory root resorption is a common
descriptor of this process but throughout
this paper it shall be regarded as presen-
tation of EIR (Fig. 10). It has been pro-
posed osteoclasts readily bind in the apical
zone as there maybe exposed dentine.®® A
wide collection of microorganisms may be
related to the stimulation of osteoclasts
as many species express RANKL, pros-
toglandins and lipopolysaccarides. These
include: Prevotella intermedia, P. nigre-
Treponemas, Porphyromonas,

scens,
Staphylococcus and Streptococci.>’3%%
Resorption in this region may be further
stimulated by pressure from expanding
periapical granuloma or cyst.

°1 Up to 75% of teeth with
periapical periodontiis may demonstrate
histological evidence of EIR in the api-
cal region (Fig. 11).”” Clinical examination
may not yield such a high prevalence.?®
Conventional radiography may not be suf-
ficiently sensitive to permit diagnosis of
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Fig. 14a and b Periapical periodontitis
and associated early EIR of the upper
central incisors with a history of trauma
three years previously

many such lesions. Furthermore, many teeth
with periapical lesions do not display signs
of resorption

Periodontal disease

When gingivitis is present there is a low
grade, continual inflammatory process
within the marginal gingivae in response
to persistent challenge of bacterial plaque.
When this process leads to apical migra-
tion of the epithelial attachment, loss of
collagen attachment and loss of bone the
inflammatory process results in a perio-
dontitis.”® Apical migration of the attach-
ment apparatus exposes the root surface.
Post therapy new cells may populate the
area from any of the adjacent tissues
including gingival epithelium, alveo-
lar bone and non-injured periodontium.
Ideally there would be coronal regenera-
tion of the periodontal ligament to protect
the root surface but more commonly there

Fig. 15 EIR post trauma. The progression of
this lesion may be due to poor quality root
canal treatment

Fig. 16 Following a history of trauma to

the 21 there is loss of lamina dura, ragged
dentinal margins and evident bony infiltration
indicating ERR

is apical proliferation to a long junctional
epithelium. Down growth of epithelium
has been hypothesised as providing a
barrier to resorptive processes.’’ If cells
from the alveolar bone contact the root
surface, resorption may occur.®* Despite
this, resorption rarely occurs in these
sites. Beertsen reported that damage to the
junctional epithelium in the presence of a
chronic inflammatory process can result
in a resorption (Fig. 12).%

Trauma

Traumatic injuries to teeth may result
in resorption.**’® For this to occur there
must be damage to the protective barriers,
cementum and/or periodontal ligament.
The likelihood and extent of resorption is

related to the extent of damage to these
barriers.’® Damage to cellular cementum is
most significantly related to the onset of
resorption. The quantitative surface area of
tissue damage is correlated with the type
of resorption that may ensue: larger areas
of cellular damage heal with osteogenesis
and thus external replacement resorption
may follow.” When considering the injury,

Most damage follows apical intrusion due

to the crushing of cemental cells as root
surface and bony crypt collide;** the con-
vex surfaces are most likely to receive the
greatest trauma.’” Intrusion is the great-
est cause of unfavourable healing post-
trauma, followed by avulsion, lateral

luxation, extrusive luxation, subluxation
and concussion (Figs 13a and b).*

The management of the tooth post injury
must, however, be considered as signifi-
cant in the aetiology of resorption. The
duration of time between avulsion and
replantation and the choice of storage
medium before replantation are both criti-
cal for the survival of cementum and peri-
odontal ligament.®*** Replantation after an
extra-oral period of 15 minutes in air at
room temperature may result in favour-
able healing but an hour under the same
conditions may result in extensive ERR.”
This period can be prolonged if the tooth is
kept from desiccation®® and prolonged fur-
ther if stored in an appropriate medium.**
Though cemental damage may be minimal
after avulsion, damage to and subsequent
inflammation of the periodontal ligament
will result in an extensive inflammatory
response upon replantation and thus a
high risk of resorption.*”** This is initiated

by many factors including: _

during the period of avulsion. If a vascular
supply is not maintained post implantation
pulp necrosis will follow. Following the
loss of cementum, bacteria and toxic prod-
ucts may penetrate the dentinal tubules
onto the root surface, stimulating osteo-
clasts and EIR may occur (Figs 14a and b
and 15).*° This may be more significant in
younger patients as the tubules may have
greater patency.’**® If the damage is in the
cervical region this may initiate ECR.>*¢*
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If the stimulus to resorption is short-
lived or self limiting a healing process
may result over the subsequent 14 days.”’
In small isolated areas cementoblasts may
repopulate the root surface. This process
is termed external surface resorption (as
described above) and is ultimately the
most favourable outcome.?*3%8* [f, how-
ever, bone cells are allowed to repopu-
late the root surface, bone will develop
directly on the root surface in the process
known as external replacement resorption
(ERR). This may occur if greater than 20%
of the root surface is irreversibly dam-
aged.’”® As bone remodelling and turno-
ver is a constant process this balance of

osteoclastic and osteoblastic activity can
lead to the gradual replacement of root
dentine with bone. In progressive cases
nothing can be done to terminate this
process (Fig. 16).”

Pressure

There are considered to be two principal
initiators of resorption related to pressure.
The iatrogenic stimulus of orthodontics
and the patho-physiological stimulus of
impacted teeth or tumours.” These pro-
cesses are thought to be sterile’ and stem
from inflammatory processes concerning
localised pressure zones on the cementum
or predentin of the apical region.

ORTHODONTICS

Resorption has been reported in /19-31.4%
of all patients undergoing orthodontic
treatment, its prevalence being highest in

mandibular and maxillary incisors, with
molar and canines being least effected.”®
One study presented in a small sample
that post-orthodontics there was a loss of
boney support from a combination of both
marginal bone loss and root resorption in
the order of 1-1.5 mm. They proposed it
was of such small magnitude as to be neg-
ligible when balanced by the benefits of
orthodontic treatment. They further pro-
posed that individual predisposing factors
were more likely to be responsible, most
notably @ history of trauma.'*'®' In 1991
Linge and Linge reported up to 2.5 mm
of root reduction after orthodontic treat-
ment.'* This may be because incisors tend
to be moved further. One meta-analysis
has indicated the apical distance moved
and duration of orthodontic treatment is
correlated to the mean apical resorption.'®

Figs 17a-c Post orthodontic treatment
there is blunting of the roots 22-12 and

a frank periapical lesion 11 with arrested
root development. A traumatic component
may have influenced the progression of
this lesion. The 11 was treated with apical
MTA placement. All images from a limited
volume cone beam CT examination

When occurring in adult patients it may
be more extreme." Ankylosis does not
tend to occur with orthodontic related
resorption and the periodontal ligament
remains intact.’®® Maintenance of vitality
in orthodontically treated teeth is variable
(Figs 17a-c).'®

In well planned orthodontic treatment
the forces applied to the teeth should be
relatively evenly spread over the root

Figs 18a and b EIR pertaining to
orthodontic treatment. All the incisor
roots are foreshortened and blunt. There
is a history of trauma to the 21. Both
images from a limited volume cone beam
CT examination

surface. There are, however, instances in
which the forces can be focal and greater
around certain regions. It has been shown
that the stimulus by such forces com-
presses the periodontal ligament induc-
ing areas of hyalinised tissue.'” Under
the hyalinised zones tissue may become
necrotic initiating an inflammatory pro-
cess.'®® In addition it has been shown

that
stimulating the develop-

ment of osteoclastic cells.'” Multinucleate
osteoclastic cells move into the necrotic
zones and once necrotic tissue has been
removed they attack cementum. Once
the protective cementoid is removed the
root becomes vulnerable and resorption
commences."®"" Until all necrotic tissue
is removed the process may continue,
irrespective of cessation of orthodontic
movement."" A further explanation has

been proposed in relation to the neu-
rophysiology of the pulpal tissues. The
neural supply of
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Figs 19a-c Extensive EIR of the 42
associated with an unerupted 43. 19cis a
reformatted image from a limited volume
cone beam CT examination

Figs 20a-c EIR resorption on the apex of
the 21 from an unerupted 23. There is EIR
apically on the 11 also. It is unlikely such
a precise diagnosis could have been made
without CBCT

These include Substance P, calcitonin
gene-related peptide, neuropeptide Y and
neurokinin A. These are prominent media-
tors of increased vascularity locally. Such
changes in vascularity may be linked to
osteoclastic activity by speeding recruit-
ment of inflammatory cells.'*®

Most often this is transient and clini-
cally insignificant.'® This is perhaps due
in part to the discontinuous nature of the
applied force: during orthodontics there
are typically periods of increased stress,
trauma and compression of the periodontal
ligament when appliances are activated and

reactivated. Between such periods stresses
reduce allowing recovery of traumatised
cells. It may also be due to the reparative
capacity of the cells ofthe apcal paplla.”
If, however, such processes occur apically it
can be more marked resulting in a blunting
of the apex or in severe cases severe loss of
root length (Figs 17a-c)."? This may be due
to the combination of EIR around apical
cementum and IIR of apical predentine.'®
Resorption associated with orthodontic
tooth movement is thought to be multifac-
torial."? _ and history of
ff@liialappear to be most often associated
with this pattern of resorption (Figs. 18a
and b)."™ This type of resorption has been
named periapical replacement resorption
(PARR)'* but throughout this paper it shall
be recognised as a sub category of EIR.

Orthodontic tooth movement has also
been highlighted as a possible factor in
the development of external cervical
resorption.®” In a study of 222 patients
Heithersay®* identified orthodontic treat-
ment as the most common predisposing
factor in cases of ECR. Excessive forces
in the cervical region may induce necro-
sis and inflammation adjacent to dentine.
Odontoclastic differentiation ensues fol-
lowed by resorption.®> The onset of ECR
in these patients has been demonstrated
to occur after completion of orthodontic
treatment. As such it is thought that the
predisposition to ECR in these instances is
due to a combination of factors rather than
orthodontics alone.®*!?

IMPACTED TEETH/EXPANDING
PATHOLOGICAL LESIONS

The same principles related to orthodon-
tic resorption are thought to be responsi-
ble for other ‘pressure’ resorption lesions
associated with ectopic teeth and expand-

ing infra-bony pathoses including cysts,
giant cell tumours, fibro-osseous lesions
and amelobastomas. Tooth impaction is a
common phenomenon.'* Impacted/ectopic
teeth may stimulate resorptive processes if
the follicular space encroaches upon the
periodontia of an adjacent tooth (Figs 19a-c
and 20a-c).">"® It has been estimated that
0.6-0.8% of 10-13-year-old children with
canine ectopica have some degree of resorp-
tion of the incisors."” Up to two thirds of
incisors adjacent to impacted canines show
evidence of resorption using CBCT."®
With slowly expanding lesions the
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resorptive pattern is often focal and well
defined. If the lesions are expanding
quickly the resorptive potential appears
much more limited. Thus the presence
of intact roots within an expanding
bony pathology is indicative of a rapidly
enlarging lesion. Often in malignancies
the resorption pattern is ‘raggedy’ as the
lesion expands around the root. Pressure

has been implicated in the aetiology of cer-
vical resorption in two case reports of wind
instrument players. Though exceedingly
rare clinicians should remain open-minded
when considering possible causative fac-
tors in such poorly understood diseases
(Figs 21a and b and 22).""°

Temperature

Ultrasonic devices and warm obtura-
tion techniques are known to generate
potentially high temperatures locally.
Inflammatory tissue responses have been
demonstrated to local temperature increases
above 47 °C and tissue necrosis to tem-
perature rises above 60 °C.'*° It has been
further shown that warm obturation tech-
niques can result in ankylosis (Fig. 23).'*!
Rises in temperature have also shown to
upregulate pro-resorptive inflammatory
mediators including RANKL and OPG from
periodontal ligament cells.'?* It has been
thought that heated systems for endo-
dontics may be hazardous if set to tem-
peratures greater than 250 °C.'* Although
there is limited literature concerning cor-
relations in raised intra-canal temperatures

and resorption a theoretical association
is reasonable.

Chemical

Given the expansion of cosmetic den-
tistry an increasing number of patients are
demanding whiter teeth. With the increased
number of patients using bleaching prod-
ucts a correlation has been seen with reports
of resorption.®>'?*12> [t is known that the
interface between enamel and cementum
may not be continuous'?® and thus open
dentinal tubules in the cervical portion of
the tooth may present a pathway for not
only ingress but egress of substances and
bacteria. Thus it is thought that during
internal bleaching whitening products pass
through dentinal tubules into the cervical
periodontia.'* Friedman found in a study
of 58 teeth treated with internal bleach-
ing that 4 developed resorptive lesions

b UL2

Figs 21a and b A pressure-type resorption
on the apices of the 21 and 22. The 21,
22 and 23 were all non-vital. This was
part of a known metastatic lesion in this
patient’s L maxilla

cervically.'?” His review of these cases sup-
ported the notion of cervical passage of
bleaching products to the periodontia but
the precise cause of resorption could only
be speculated.'” It may be that the prod-
ucts provoke an inflammatory response but
further suggestions have been made that
hydrogen peroxide denatures dentine and
initiates an immune response or lowers the
pH to a point that stimulates osteoclastic
activity.'?*'?%12 Indeed it has been postu-
lated that an acidic intra-oral environment
can trigger resorption.”>"*° There has been
a case of ECR in a patient whose only pre-
disposing factor was an acid rich diet.”®
Nonetheless the precise mechanism behind
this pathology remains unclear."*! The pro-
cess may be perpetuated by bacterial pres-
ence within local pockets or simply in the
sulcus. Heithersay'?? estimated bleaching
to be the sole predisposing factor in up to
13.6% of cervical cases. It is further pos-
tulated that

132 The placement of rubber dam
clamps and the use of lamps to accelerate

Fig. 22 Extensive resorption of the 45, 44,
43, 42, 41, 31, 32, 33 associated with an
expanding odontogenic keratocyst of the
mandible

Fig. 23 System B (SybronEndo): capable of
reaching temperatures in excess of 600 °C

Figs 24a and b Progressive EIR of the
distal root of 46 over a period of 12
months. The tooth responded positively
to vitality testing and has no history of
orthodontic treatment or trauma. In the
absence of any known etiological factor
this may be regarded as idiopathic

whitening procedures has also been shown
to damage to the cervical region and these
factors may also be correlated to the initia-
tion of cervical resorption.'**
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Viral

A condition similar to multiple idi-
opathic cervical resorption is seen in

captive, domestic and wild cats. These
are known as feline odontoclastic resorp-
tive lesions (FORL)."**'** The presentation
would appear to be very similar to that in
humans. Very little is known about either
disease. In a series of four cases of multi-
ple idiopathic cervical resorption, Von Arx
et al.’*® described a potential link with the
feline herpes virus. In two of these reported
cases the patients had pet cats that were
both known to have loss of teeth with a
pattern similar to FORL. One of these was
confirmed as a case of FORL."*®> As both
conditions are extremely rare there are
obviously insufficient cases to draw defini-
tive conclusions but as the disease pattern
is so similar the proposition is reasonable.
A viral link has been postulated by other
authors. Soloman et al.' presented a case
of a patient suffering cervical resorptive
lesions in two teeth. The patient had a
positive history of herpes zoster in the
corresponding division of the maxillary
trigeminal nerve.””® Ramchandani and
Mellor"” report a similar case of multi-
ple cervical resorptive lesions in a patient
whose only other relevant history was a
bout of shingles associated again with the
corresponding region of sensory inner-
vation. Two cases reports are clearly an
insufficient basis for an association but
consideration should be given to any
potential correlations with resorptive pat-
terns and a patient’s other relevant history
where no other cause can be established.

Systemic disease

There are certain metabolic disorders that
may be associated with resorptive lesions.
_ is a rare condition
usually associated with adenomas of the
parathyroid gland. Over production of
parathyroid hormone stimulates resorption
leading to systemic hard tissue decalcifi-
cation and cyst-like lesions within bones.
It has been suggested this disease process
may also result in increased dental hard
tissue resorptive tendencies."*®* Though not
resorption per se, loss of the lamina dura is
a common finding in these patients.

Idiopathic

There have been several reports of idio-
pathic resorptive processes in teeth.®-* By

definition in these conditions there is no
evident aetiological factor. It is thought the
process involves the destruction of den-
tine followed by creation of a bony matrix
within the resorptive cavity. There may be
a genetic component.®® Possibly this is
related to genetic alterations in interleukin
1B (Figs 24a and b).>*

Physiological

Although root resorption in the adult teeth
is a pathological process in the primary
teeth it is an essential physiological pro-
cess for tooth exfoliation. The location and
extent of the resorptive process is depend-
ent upon the path of eruption of the perma-
nent successors. Incisors and canines erupt
lingual or palatal to their primary predeces-
sors and as such the crowns and pulps of
these teeth may remain sound at exfolia-
tion. Premolars erupt between the roots of
the primary molars and there is more pro-
found resorption into the pulp chamber. The
process itself is less well understood than
inflammatory resorption but it is thought to
be as follows:

This is [
_ Osteoclasts are
the responsible cell for the root resorption.
The clastic process ceases at the pre-dentin.
Just before the tooth is exfoliated the pulp
cells deposit a cementum-type substance

apically and the tooth is exfoliated with
potentially vital pulpal tissue (assuming
the tooth was pathology free).'*

CONCLUSIONS

There is now a greater understanding of
the precise process involved in the pathol-
ogy of resorption. It is known that certain
mechanisms exist to protect teeth from the

continual remodeling process that occurs
within bone. These mechanisms can fail
and the response can be catastrophic to
dental hard tissues. The reasons that such
barriers are lost may correspond to the
type and location of resorptive process that
follows. This can inform clinicians on the
best modalities for treatment.

Thank you to Professor Horner of the University of
Manchester for his time and support drafting and

reviewing the legends and text pertinent to oral and
maxillofacial imaging.
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