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rthodontics and External Apical Root
esorption

haza K. Abass and James K. Hartsfield, Jr

External apical root resorption (EARR) is a common complication of orth-

odontic treatment. Many factors have been investigated to explain differ-

ences seen among individuals in their susceptibility to EARR. Our central

hypothesis is that in addition to the environmental component (increased

stress and strain on the teeth, surrounding periodontal ligament, and alve-

olar bone secondary to occlusal and orthodontic forces), genetic factors that

encode proteins and pathways involved in alveolar bone and cementum

maintenance underlies EARR susceptibility or resistance. It is estimated that

genetic factors can explain approximately 64% of the EARR variation in

humans. Current data suggest that more than one gene is involved in the

disease process. The identification of genes that modulate susceptibility to

EARR will allow for better understanding of the disease processes as well as

the screening of individuals before treatment. (Semin Orthod 2007;13:
246-256.) © 2007 Elsevier Inc. All rights reserved.
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xternal apical root resorption (EARR) is a
common clinical complication of orth-

dontic treatment. It is the permanent shorten-
ng of the end of the tooth root that can be seen
n routine dental radiographs.1 Although EARR
ay occur in any or all teeth, it most often

nvolves the maxillary incisors. For many orth-
dontic patients maxillary central incisor EARR
an average 1 to 2 mm from the original (pre-
reatment) tooth root length, with essentially no
ffect on function. In approximately 1 of 20
atients undergoing orthodontic treatment, up
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o 5 mm of tooth root loss can occur,2 poten-
ially endangering the longevity of the tooth. It

ay also occur in the absence of orthodontic
reatment.3,4 A total of 7% to 13% of individuals
ho have not had orthodontic treatment show 1

o 3 mm of EARR on radiographs.5

istology of Root Resorption

hen teeth are moved orthodontically, the peri-
dontal ligament (PDL) is subjected to the me-
hanical forces of compression and tension. In
he direction of tooth movement, the PDL be-
omes compressed between the moving tooth
nd the alveolar bone. In cases of heavy forces
ver long durations the PDL is injured resulting

n hylanized tissue formation. In most histologi-
al reports, the process of resorption is closely
ssociated with the remodeling of the periodon-
al ligament as a result of its injury and necro-
is.6-8 The first cells that appear in the necrotic
rea are macrophages.9,10 These cells are re-
ponsible for the initial resorption of the prece-
entum layer.6 It has been shown that these
acrophages are later followed by multinucle-

ted cells (odontoclasts), which attack cemen-
um and eventually dentin.7 Initially the removal

f the hylanized tissue leads also to the removal

4 (December), 2007: pp 246-256
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247External Apical Root Resorption
f the cementoid layer, which is believed to be a
rotective layer. This process might leave a raw
urface of cementum that can be readily at-
acked by odontoclasts. The initial penetration
f cells into precementum/cementum has been
hown to occur at the periphery of the hylanized
rea.6 An increased number of multinucleated
iant cells were observed adjacent to areas of
oot resorption.7 Kvam9 was the first to describe
esorption lacunae penetrating the cementum
nto dentin in human premolar teeth. Barber
nd Sims11 further observed that extensive root
esorption occurs with heavy forces. Later on,
ygh12 showed that root resorption is mainly

een near the hylanized zone.
Histological root resorption (RR) usually pre-

ents as microscopic areas of resorption lacunae
n root surfaces. Seventy-five percent of these
reas show complete repair with secondary ce-
entum.13 Orthodontic force applied to teeth

or a short amount of time can produce resorp-
ion lacuna in the absence of radiographically
isible EARR.14 An increase in duration and
agnitude of orthodontic force can lead to an

ncreased incidence of RR, resulting in the ex-
osure of root dentin underlying the damaged
ementum. This exposed dentin increases the
ikelihood of osteoclastic attack and EARR,15

articularly if the tooth is subjected to forces
rom alternating directions in a parafunctional

anner (Fig 1). Permanent root resorption oc-
urs mostly in the apical region, resulting in
ARR.16 It is very important to distinguish be-

ween EARR and RR when studying incidence
nd prevalence. There are differences in the
uration of applying active orthodontic force to
xpress these conditions and how they are ob-
erved. EARR and RR during orthodontic tooth
ovement are related conditions influenced by
wide range of shared genetic, biochemical, and
echanical factors. Root resorption detectable
istologically is a preliminary step toward exter-
al apical root resorption (EARR) that is perma-
ent and detectable radiographically. It is be-

ieved that when root resorption exceeds the
eparative capacity of cementum, we see EARR.

In most of the reports, resorption occurred
ainly in the apical third of the root.16 Two

ossible explanations for the increased inci-
ence of resorption lacuna in the apical third

ere: o
. The fulcrum is occlusal to the apical half of
the root and the differences in the direction
of the periodontal fibers could result in in-
creased possibilities of trauma in the apical
and middle thirds of the root.

. The apical third is covered with cellular ce-
mentum while the middle and gingival thirds
are covered with acellular cementum. The
cellular cementum depends on more active
cells, and has more supporting vasculature,
which makes it more liable to trauma and cell
injury reactions.

There is an increase in number of blood ves-
els toward the apex of the roots. Blaushild and
oworkers17 assessed quantitatively the vascular
ystem in the cementum-related periodontal lig-
ment along the rat incisor. Blood vessels were
ound to occupy 47% of the PDL area in the
pical half compared with 4% at the incisal end.
his extensive vascularization in the apical half
f the PDL is consistent with the high metabolic
emands, and the need for protective cushion-

ng, of the constantly growing dental and peri-

igure 1. Root resorption lacunae that are not re-
aired may cause a sequestration of the apex, which
hen resorbed results in external apical root resorp-

ion (Roberts WE, Al-Qawasmi RA, Hartsfield JK Jr,
atona TR. Biomechanics of root resorption, in Orth-
dontics Year Book ’04. Tokyo, Quintessence Publish-

ng Company, 2004, pp 84-90). (Color version of fig-
re is available online.)
dontal tissues. It has been suggested that dif-
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248 Abass and Hartsfield, Jr
erences in the hardness and elastic modulus of
he cementum might also be correlated with the
mount of root resorption. Hardness and elastic
odulus of the cementum for the human max-

llary first premolar gradually decreases from the
ervical to the apical regions.18,19

dontoclasts: The Cells Doing the
amage

dontoclasts are multinucleated cells respon-
ible for the resorption of dental hard tissues.
hese cells are morphologically and function-
lly similar to osteoclasts.20,21 Both odonto-
lasts and osteoclasts are of hemopoietic
rigin. Macrophage-colony stimulating factor
M-CSF) is an essential factor in the prolifer-
tion and differentiation of osteoclasts from
heir progenitors.22,23 Another factor that is
lso essential for osteoclast differentiation and
ctivation is the receptor activator nuclear factor
appa B ligand (RANKL).24,25 Together M-CSF
nd RANKL are required to induce the expres-
ion of genes that are essential to the commit-
ent of the progenitors to the osteoclast lin-

age. These genes include ones encoding for
artrate resistant acid phosphatase (TRAP), ca-

igure 2. Osteoclastogenesis/odontoclastogenesis is p

ors. The amount of RANKL available to bind to RANK is
hepsin K, calcitonin receptor, and �3-integrin,
eading to the development of mature oste-
clasts. The presence of these markers has also
een identified in odontoclasts.26-28 The recep-
or activator of nuclear factor kappa B (RANK)
nd its ligand RANKL have been localized in
dontoblasts, pulp fibroblasts, periodontal lig-
ment fibroblasts, and odontoclasts.29,30 Oste-
clastogenesis is modulated by osteoprotegerin
OPG), a member of the TNF receptor super-
amily that inhibits osteoclastogenesis by pre-
enting RANKL from binding to its receptor
ANK at the osteoclast membrane (Fig 2).

The OPG/RANKL/RANK system is a key
ediator in osteoclastogenesis. OPG, RANKL

nd RANK have also been identified in odonto-
lasts activated during resorption of deciduous
eeth.29,31 Other cytokines that regulate oste-
clast activity and function include transforming
rowth factor-alpha (TGF-�), interleukin-1beta
IL-1�), and interleukin-6 (IL-6). These three
roinflammatory cytokines are capable of in-
reasing RANKL activity leading to upregulation
f osteoclastogenesis.32-34 TNF-�, IL-1�, and IL-6
re also capable of regulating osteoclastogenesis
ndependent of RANKL by directly acting on
steoclasts.34-38

oted through the binding of RANKL to RANK recep-
rom

mediated by the binding of RANKL to OPG.
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249External Apical Root Resorption
isk Factors for EARR

ndividuals vary in their susceptibility to
ARR. Many factors have been examined to
xplain this variability. These included factors
elated to patients or treatments such as the
ype of malocclusion,39-43 appliance used,44 the
ature of force,45-47 duration of treatment,48,49

issing teeth,48,50,51 role of trauma,43,52-54

ystemic factors,55-57 habits,43,58-60 and gen-
er.39,44,49,50,53,59-64 None of these factors could
ntirely explain increased susceptibility to EARR
mong certain individuals. It has been proposed
hat this variability can be due to an innate or
ystemic predisposition to resorption in perma-
ent and primary teeth.65-67 Also when extreme
usceptibility exists, EARR can occur in the ab-
ence of any causative factors.60 Harris and co-
orkers4 reported that individuals with root re-

orption in one tooth also tend to exhibit
esorption in other teeth. Kurol and coworkers73

oncluded that individual variations were con-
iderable regarding both extension and depth of
oot resorption within individuals, and these
ere not correlated to the magnitude of tooth
ovement achieved. Later, Owman-Moll and co-
orkers69 showed that individual variation over-

hadowed the force magnitude and the force
ype in defining the susceptibility to root resorp-
ion associated with orthodontic force (RRAOF).
ameshima and Sinclair49 analyzed the records
f 868 patients who were treated with full, fixed
dgewise appliances from 6 private offices and
ound that Asian patients experience signifi-
antly less root resorption than white or His-
anic patients. While this may infer an ethnic
ifference based on genetic factors, environ-
ental or cultural factors may also be important.
he familial clustering of EARR has been re-
orted in a number of studies, although no sin-
le specific pattern of inheritance was identi-
ed.59,70,71 It is likely that the pattern of

nheritance for individual susceptibility to EARR
s polygenic (complex), with a complicated in-
eraction of a number of proteins coded for by a
umber of genes that interact with some num-
er of environmental factors, of which orth-
dontic force may be one (Fig 3).

Since mechanical forces and other environ-
ental factors do not adequately explain the

ariation seen among individual expressions of

ARR, an increased interest has focused on the T
ole of genetic factors influencing the suscepti-
ility to EARR. It appears that the reaction to
rthodontic force can differ depending on the

ndividual’s genetic background. These genetic
actors could be related to proteins that govern
ementum resorption and repair during the ap-
lication of force. Analysis of sib-pair models for
heir susceptibility to EARR have shown a heri-
ability estimate of 0.8 for the maxillary central
ncisors.68 This genetic variation accounts for
pproximately 64% of the total phenotypic (clin-
cal) variation, which likely represents the effect
f some combination of genetic and environ-
ental factors.49 A more recent retrospective

win study on EARR showed that the concor-
ance scores for monozygotic twins were ap-
roximately twice those of dizygotic twins, indi-
ating a strong genetic component of EARR,
lthough since the concordance for the monozy-
otic twins was much less than 100%, there is
lso evidence for environmental factors.72

Al-Qawasmi and coworkers73 used the candi-
ate gene approach to identify the evidence of
enetic linkage in 38 pedigrees. In their study they
ound suggestive evidence of linkage between
ARR in maxillary central incisor and a polymor-
hic marker D18S64 (LOD score 2.51). This poly-
orphism marker lies close to TNFRSF11A gene,

uggesting that this locus or a closely linked one
ontributes to the susceptibility to EARR. The
NFRSF11A gene codes for RANK, an essential

ignaling molecule in osteoclast differentiation
nd function, as already noted.74 Furthermore,
ignificant evidence of linkage disequilibrium for
n IL-1B polymorphism with EARR was reported.73

igure 3. Polygenic (complex) traits have a variable
umber of influencing genetic factors, some of which
ay have more influence than the others, but none

re capable of producing the trait by itself. The po-
ential relationship between various genes and the
nvironmental factors is complex as denoted by the
rrows.
he analysis of 35 families indicated that the IL-1B
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250 Abass and Hartsfield, Jr
olymorphism accounts for 15% of the total vari-
tion seen for maxillary central incisor EARR seen
n their sample. The potential for effect of the
L-1� protein on root resorption was confirmed in
n IL-1� knockout mouse model.75

Analysis of inbred mice and their offspring
ave shown that inbred mice of different
trains differ in their susceptibility to histolog-
cally analyzed RRAOF.76 This indicated that
enotype is an influencing factor on RRAOF.
ice were grouped into resistant (A/J, C57BL/

J, and SJL/J), intermediate (C3H/HeJ and
KR/J), and susceptible (BALB/cJ, DBA/2J,
nd 129P3/J) strains. That study identified a
-fold difference in susceptibility between the
BA/2J (susceptible) and A/J (resistant) mouse

trains. Furthermore, analysis of the mode of the
nheritance of the susceptibility to RRAOF was
tudied in a cross between A/J mice (resistant)
nd either DBA/2J or BALB/cJ mice (both sus-
eptible strains). Results from these crossings
howed that RRAOF is a traceable trait in mice.
he mode of inheritance seems to be polygenic

n these mice.
Data from mice studies have shown that in-

reased susceptibility to histological RRAOF is
lways associated with an increase in the number
f TRAP-positive cells in the pressure area of the
oot surface. Immunohistological analysis has in-
icated that mice susceptible to RRAOF (DBA/
J) express increased levels of RANKL adjacent
o tooth subjected to orthodontic force com-
ared with mice resistant to RRAOF (A/J).77

he level of OPG is increased in the tissues
urrounding the roots of the resistant mice com-
ared with the susceptible mice.77 Thus the
enes that code for RANKL and OPG are also
andidates for analysis of key mediators of oste-
clast function. A clinical study has shown (P �
.003) that the G1181C polymorphism in OPG is
ssociated with EARR, accounting for approxi-
ately 8% of the clinical variation seen in that

ample (unpublished data). As with the data for
L-1�, this is another gene in which variation
ay influence EARR in combination with other

actors. It appears that differential expression of
olecules that govern osteoclasts/odontoclasts

unction play a role in determining the suscep-
ibility to root resorption during orthodontic
orce application. This might imply that certain
ndividuals might react with an exaggerated

dontoclastic response to orthodontic treatment d
eading to EARR. The identification of suscepti-
ility genes will provide a clear understanding of
he molecular mechanisms underlying EARR
nd specifically how orthodontic force affects
he expression of genes that encode proteins
nd pathways critical in tooth movement, ce-
entum resorption, and maintenance/repair.

arriers Against Cementum Resorption

oth bone and cementum are susceptible to
esorption under orthodontic force although ce-
entum shows a greater resistance against re-

orption.12 Cementum, unlike bone, is not in-
olved in the metabolic process of calcium
omeostasis.78 Bone is regarded as a mineral
eservoir that can be induced to release calcium
n need. Cementum, on the other hand, is a
ineralized tissue that typically does not release
inerals under physiological conditions. Bone is
well-vascularized tissue while cementum is not.
he anastomoses and canaliculi between cemen-

ocytes and the periodontal ligament are scarce,
hich makes cementum less sensitive to its envi-
onment than bone tissue. The closeness of
lood supply to mineralized tissues is a critical
actor in their response to metabolic needs.79

he bone side of the PDL contains more blood
essels than the cementum side of the PDL.
urthermore, osteoclasts are a part of normal
one structure, but odontoclasts are rarely seen
n cementum under physiological conditions.
he cementoid (unmineralized precementum)

ayer is 3 to 5 �m thick in acellular cementum
nd even thicker in cellular cementum. This
ayer is continuously deposited and thus always
resent. This unmineralized layer is poorly
esorbed by odontoclasts80 and plays a role in
etarding the resorption process.81

ffect of Pharmacological Agents
n Root Resorption

everal pharmacological agents have been ex-
lored to prevent or minimize the incidence of
oot resorption associated with orthodontic
orce application. Molecules that affect oste-
clast activity negatively such as bisphosphonates
ave the potential to reduce root resorption, but
lso reduce tooth movement. Igarashi and co-
orkers82,83 reported a significant dose-depen-

ent inhibition of root resorption in rats admin-
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251External Apical Root Resorption
stered with bisphosphonates after orthodontic
orce application. On the other hand, Alatli and
ammarstrom84 and Alatli and coworkers85,86

ound that the injections of bisphosphonates in
ats induces a cementum surface alteration lead-
ng to increased surface vulnerability of the root
urface to resorption during orthodontic tooth.

recent study has suggested that the local injec-
ion of clodronate is found to cause a decrease
n the number of osteoclasts and inhibit root
esorption associated with tooth movement.87

ny consideration of the clinical application of
isphosphonates to suppress root resorption
hould take into account the recent concern
bout their association with osteonecrosis of the
aw, especially in some cancer patients who are
eceiving intravenous bisphosphonate therapy,
nd also with some patients who are receiving
ral bisphosphonates, for example, to treat os-
eoporosis.88

The administration of echistatin, an arginine-
lycine-aspartate acid (RGD)-containing peptide
as found to be effective in reducing root re-

orption during tooth movement in rats.89

chistatin affects clastic cell function by target-
ng the �v�3-integrin receptor, expressed by
dontoclasts and osteoclasts. This disrupts the
ight seal formation and the actin microfilament
ing that depends on the adhesion of the �v�3-
ntegrin to the substrate.90 This mechanism may
lso affect tooth movement.

The administration of corticosteroids in doses
f 15 mg/kg to rats during orthodontic treat-
ent increased root resorption,91 whereas low

oses of 1 mg/kg decreased root resorption.
aradoxically, Ong and coworkers92 stated that
teroid treatment suppressed clastic activity in
he rat. Doxycycline, a potent collagenase inhib-
tor, is capable of reducing the number of oste-
clasts and preventing root resorption and alve-
lar bone loss following mucoperiosteal flap
urgery in rats.93,94 Systemic administration of
oxycycline has shown to significantly reduce
oot resorption, the number of odontoclasts, os-
eoclasts, mononuclear cells on the root surface,
nd TRAP-positive cells on the root and bone in
ats.95

The administration of high doses (50 mg/kg)
f Celebrex, a cyclogenase-2 inhibitor, during
he application of orthodontic forces was re-
orted to reduce root resorption in rats without
nterfering with the rate of tooth movement. p
ox-2 inhibitors block the pathways essential for
rostaglandin formation.96 Similar findings
ere reported by Kameyama and coworkers97

here they showed that aspirin suppresses root
esorption induced by mechanical injury of the
eriodontal soft tissues. Recently reports of in-
reased cardiovascular morbidity and mortality
orced the withdrawal of a Cox-2 inhibitor
Vioxx) from the market, while others had re-
trictions placed on their use.98 The administra-
ion of very low doses of L-thyroxin was shown to
ecrease RRAOF in both rats and human stud-

es.99-101 Vazquez-Landaverde and coworkers
ave shown that the hormone can achieve its
ffect at a local level.87 It is assumed thyroxin
ither increases the resistance of the cementum
nd dentin to clastic activity or increases the rate
f alveolar bone resorption. It is well docu-
ented that thyroid hormone exerts a biphasic

ffect on bone formation and resorption. At
ower doses it may increase bone formation,
hereas at larger doses bone resorption is en-
anced.102

epair of Root Resorption

he idea that roots of permanent teeth are re-
aired after mechanical damage was first intro-
uced into literature by Bridgman in 1862.103

ater, Black104 had demonstrated that the roots
re repaired by formation of cementum. A de-
ailed histological picture of repair was first re-
orted by Fletcher in 1911.105 Brudvik and
ygh106 have shown that resorptive areas are

epaired by deposition of cementum and further
eestablishment of the periodontal ligament. In
study on human premolars using light micros-

opy and scanning electron microscopy, Lang-
ord and Sims107 have shown that repair occurs
ntirely with cellular cementum. They have also
hown the presence of Sharpey fiber holes in the
ew cementum, indicative of principal peri-
dontal fiber insertion and PDL reestablishment
t that site. Although it has been proposed that
mall areas of resorbed cementum will typically
e repaired, if the resorption exceeds reparative
apacity at the apical end of the tooth, the root
s shortened.108 It has been shown that initial
uman cementum repair takes place at the bot-

om of the resorption cavity.11,109 This pattern of
epair was different from the one been shown

reviously in animal studies where repair by sec-
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252 Abass and Hartsfield, Jr
ndary cementum starts at the periphery of the
esorption lacunae.106,110,111 Henery and Wein-
ann16 were the first to show that 72% of the

esorption areas show repair. Later, Owman-
oll and Kurol109 reported that areas of repair

an reach to 82% after 6 to 7 weeks of force
essation and retention.

mpact and Management

he American Association of Orthodontists
AAO; St Louis, MO) estimated that in the year
000 there were 4.5 million people being treated
y its members. Extrapolation estimates that
0,000 to 225,000 patients undergoing orth-
dontic treatment during 2000 may develop
ARR of more than 5 mm. This number of
ossible affected individuals does not include

hose treated by orthodontists that are not AAO
embers and by nonorthodontists. This esti-
ate of EARR incidence indicates the extent of

his problem for patients who undergo orth-
dontic treatment. It also underlies the need for

nformed consent and an understanding by the
atient about the possibility of EARR. When
ARR occurs, it is frustrating to the patient and
ractitioner. When EARR is recognized radio-
raphically, it is permanent and irreversible.
topping the orthodontic force will generally
top the resorption process as long as other
orces (including occlusion and other forces on
he teeth) allow the reparative process to stop
urther resorption. An interesting clinical study
ound that low-intensity pulsed ultrasound
LIPUS) application to a maxillary first premo-
ar on one side of a group of 12 patients’ mouths
efore extraction resulted in a histological hy-
ercementosis and fewer resorption lacunae an-
lyzed by scanning electron microscopy (SEM)
ompared with the untreated contralateral first
remolar.112 Although the authors referred to
his as a repair, the LIPUS may have actually
revented the resorption lacunae from ini-
ially forming, as opposed to secondarily re-
airing them. The use of pharmaceutical or
ltrasound agents to stop the process is still
nder investigation. Most of the pharmaceuti-
al agents target odontoclast function and af-
ect osteoclast function, which negatively af-
ects tooth movement.

To stop treatment and allow time for the

esorptive process to stop, the process must be i
ecognized. Thus pretreatment, progress, and
ost-treatment radiographs are recommended.
rogress radiographs approximately 6 to 12
onths after the initiation of treatment not only

llow for a check on root angulation during
reatment, but on the status of any root resorp-
ion as well. If resorption is recognized, then the
atient and his referring dentist must be in-
ormed, and active treatment stopped for at least
to 4 months. During this time it is also impor-

ant to assure that there are no parafunctional or
ther occlusal forces on the teeth that may be
ontributing to root resorption. If treatment is
o be continued, then radiographic monitoring
n a routine basis should be used. It may be
ecessary to stop treatment short of achieving

he original treatment objectives and goals. It is
eassuring that anecdotally most cases of EARR
o not result in tooth loss or a diminution in
unction or esthetics.

Genetic factors explain about 64% of the
ariation seen in EARR associated with orth-
dontic treatment. This makes certain individ-
als more susceptible to EARR. The identifi-
ation of genes that modulate susceptibility to
ARR may allow for screening of individuals
efore treatment and thereby modulating the
reatment plan accordingly. In addition, rec-
gnition of and accounting for the genetic
actors that influence part of the variation in
ARR associated with orthodontic treatment is
lso important to help uncover environmental
actors that may be influential. Investigation in
n out-bred population such as that found in a
ypical clinical study of a trait whose variation
s strongly correlated with genetic variation

ust take that genetic variation into account.
f this is not done, then a significant (both in
statistical and real sense) unexplained source of

ariation that may alter or even cover up the per-
eived effect of other factors on the trait will be
gnored.

However, the current data suggest that
here are multiple genes that may be involved,
nd that each may only play a relatively small
ole, although together they can have a signif-
cant clinical effect. Thus, more research is
eeded to understand the genes that are in-
olved, and how their protein products inter-
ct with occlusal and orthodontic forces result-

ng in EARR.
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