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Incisor Root Resorption Due to Ectopic Maxillary Canines
A Long-Term Radiographic Follow-Up

Babak Falahata; Sune Ericsonb; Rozmary Mak D’Amicoc; Krister Bjerklind

ABSTRACT
Objective: To document the long-term fate of maxillary incisors with resorbed roots after correc-
tion of the associated ectopic canines.
Materials and Methods: The subjects were recruited from 107 children and adolescents age
9–15 years (mean 12.5 years) at initial registration, with 156 ectopically positioned maxillary ca-
nines. The children were referred to the specialist orthodontic clinic for consultation because of
the risk of incisor root resorption. Of 51 patients contacted, 16 failed to attend. Eight of the re-
maining 35 were excluded because their lateral incisors had been extracted, leaving 27 subjects
for follow-up registration. At initial consultation, all subjects had undergone radiographic exami-
nation, including computed tomography (CT) scans. At the follow-up consultation, the radiographic
examination was limited to intraoral films.
Results: No resorbed incisor was lost during the 2- to 10-year follow-up period. The resorptive
lesions had undergone repair in 13 teeth, remained unchanged in 12 teeth and progressed in 7
teeth. In the 13 teeth exhibiting signs of repair, no resorption was detectable in 11 teeth and minor
resorption was detected in 2 lateral incisors. At the initial registration, severe or moderate resorp-
tion had been diagnosed in 12 lateral and 5 central incisors, compared with 11 lateral and 6
central incisors at follow-up. In 10 subjects initially diagnosed with resorption of 13 incisors, the
lesions were no longer discernible on intraoral radiographs at follow-up.
Conclusions: Even in cases of severe resorption, the incisor roots show good long-term healing.
Incisors with root resorption can be used in an orthodontic appliance system.

KEY WORDS: Maxillary canine; Root resorption; Maxillary incisor; Computed tomography; Ectopic
eruption; Tooth root

INTRODUCTION

The frequency of unerupted ectopic maxillary ca-
nines is 1%–2%,1–6 with ethnic variations.7 Associated
root resorption of permanent maxillary incisors occurs
in 48% of children between 9 and 15 years of age.8

Resorption of the incisor roots is almost impossible
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to diagnose clinically because of lack of symptoms. A
further complication is that it is often difficult to detect
the condition on conventional radiographs, such as in-
traoral and panoramic films, because of superimposi-
tion of the malpositioned canine. Especially when the
canine is buccal or palatal to the incisor root, the injury
may be obscured.9–11 Even in cases without overlap-
ping teeth, resorption on the palatal side of the incisor
root may be difficult to detect on intraoral radio-
graphs.12

The use of computed tomography (CT) circumvents
the limitations of conventional radiography since CT
detects 50% more cases of resorption than intraoral
and panoramic radiography.9 A study comparing treat-
ment plans compiled with and without information from
a CT investigation disclosed that the evidence ob-
tained from the CT investigation13 resulted in changes
in the treatment plans 43% of the time.

In cases of ectopic, impacted canines, associated
root resorption of the adjacent maxillary incisors is a
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Table 1. Number and Resorption Level at the First Registration of
Incisors, Resorbed Because of Ectopically Positioned Maxillary Ca-
nines in 27 Children

Incisors
Number of

Teeth

Root Resorption

Slight Moderate Severe

Lateral 24 12 4 8
Central 8 3 2 3
Total 32 15 6 11

Table 2. The Resorption Sites on 32 Incisor Roots in 27 Children

Incisors
Buccal,

Distobuccal
Lingual,

Distolingual Distal Apical Total
Cervical

Third
Middle
Third

Apical
Third

Apical
Tip Total

Lateral 6 11 2 5 24 2 13 5 4 24
Central 0 6 2 0 8 1 4 1 2 8
Total 6 17 4 5 32 3 17 6 6 32

serious complication which may lead to extraction of
incisors, or time-consuming and expensive treatment,
including surgical exposure of the canine and ortho-
dontic repositioning of the maxillary teeth, or both.13–16

When root resorption occurs, various factors deter-
mine the choice of therapy for the particular child, not
least of which is the severity and site of the resorptive
lesion on the incisor root. Thus, orthodontic treatment
planning should include detailed examination to deter-
mine the presence of resorption of incisor roots and if
so, the site and severity of the resorption.

With respect to the response of incisors with re-
sorbed roots following treatment of impacted canines,
a 1-year follow-up study of a small sample of children
(11 girls) by Becker and Chaushu17 suggested that
once the impacted canine has been treated, there is
no risk for further resorption.

As to whether in the long term the resorptive lesions
undergo progression, arrest, or repair, little information
is available. Analysis of the long-term outcomes in a
larger sample would allow the compilation of evidence-
based guidelines to support the orthodontist in therapy
planning.

The aim of this study was to use radiographs to
evaluate and describe the long-term fate, healing, and
restitution of resorbed maxillary incisor roots after cor-
rection of the adjacent ectopically positioned canine.

MATERIALS AND METHODS

Subjects

The original subjects comprised 107 children and
adolescents, 9–15 years old (mean age 12.5 years) at
initial registration, with 156 ectopically positioned max-
illary canines. The children had been referred to the
specialist orthodontic clinic for consultation because of
the risk of incisor root resorption associated with the

ectopically positioned canines. Clinical and radio-
graphic examinations established the diagnoses. The
radiographic examinations included CT scanning in all
cases in order to determine the possible presence,
site, and severity of resorptive lesions on the incisor
roots. The examinations resulted in a diagnosis of re-
sorption in 51 children: the affected teeth comprised
58 lateral and 14 central incisors.8

For the follow-up study, we were able to examine
35 of the 51 children (10 boys and 25 girls); the other
16 failed to appear for scheduled appointments or had
moved out of the district. Of the 35 subjects we ex-
amined, 8 with bilateral resorption of the maxillary lat-
eral incisors were excluded because these teeth had
been extracted. Thus, for the follow-up we are able to
report on the results in 27 subjects.

The 27 children (7 boys and 20 girls) had root re-
sorption on 24 lateral and 8 central incisors. Severe
resorption, ie, resorption to or through the pulp was
diagnosed in 11 teeth and slight, superficial resorption
in 15 teeth (Table 1).

The resorptive lesions were located lingually or dis-
tolingually in 17 of the 32 incisors and on the buccal
or distobuccal aspects of 6 incisors. In 17 of the 32
resorbed incisor roots, the lesion was in the middle
third (Table 2). All resorbed incisors responded posi-
tively to vitality testing. The impacted canines had
been surgically exposed and treated with fixed ortho-
dontic appliances.22

The interval elapsing between completion of treat-
ment and the follow-up registrations ranged from 2 to
10 years, with a mean of 3.5 years. The mean age at
follow-up was 18.8 years (SD 3.51).

Methods

All children had undergone a radiographic exami-
nation, including CT scans at the initial consultation,
to determine the presence, location, and severity of
any resorption on the incisor roots. The severity of re-
sorption was graded as:

Slight—up to half the dentine thickness
Moderate—midway to the pulp or more, the pulp lining

being unbroken, and
Severe—the pulp is exposed.

For a detailed description of the CT procedure and the
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Figure 1. (A–B) Periapical intraoral radiographs after orthodontic
correction of the maxillary ectopically positioned canines. The re-
sorption areas are healed at the follow up, arrow.

accuracy of CT in imaging root resorption, see Ericson
and Kurol.8

Radiographic examination at follow-up was limited
to intraoral films (Kodak Ultraspeed), partly because of
the lower radiation dose associated with intraoral ra-
diographs, but also because the crown of the canine
was no longer superimposed over the incisor root. We
exposed three to five films from the right to the left
lateral incisor, using a modified parallel technique. The
teeth were imaged orthoradially, mesially (mesiocen-
tric projection), and distally (distocentric projection)
(Figure 1). In a few cases the intraoral films were com-
plemented by some CT scans for a more detailed de-
scription.

Two independent observers, specialists in oral and
maxillofacial radiology (Drs Falahat and Ericson) an-
alyzed the radiographs. In case of disagreement, con-
sensus was reached by discussion. During the initial
interpretation the observers had no access to the pri-
mary radiographs and no knowledge of which incisors
had been resorbed, nor the resorption site. In a sec-
ond phase comparisons were made with the radio-
graphs taken before orthodontic treatment or extrac-
tion of the canines and with contralateral teeth (Figure
2).

From the follow-up radiographs the following vari-
ables were recorded:

• Identification of the resorbed area
• Changes within the resorption site
• Signs of inflammatory changes
• Pulp chamber width
• Signs of ankylosis
• Periodontal membrane and lamina dura
• Root length

We used percussion tests from the right to the left
maxillary first premolars to analyze whether the
sounds were normal or ankylosed. We also conducted
vitality tests on each tooth from the right to the left

maxillary lateral incisors using an electric vitality scan-
ner (Analytic Technology, model 2006, Redmond,
WA). For clinical report, see Mak D’Amico et al.22

Statistical Analysis

We analyzed the data using an SPSS computer pro-
gram (version 13.0, SPSS Inc, Chicago, III) and stud-
ied distribution and relationships with chi-square test
with Fisher’s exact test.18

RESULTS

The results showed that no resorbed incisor had
been lost during the 2- to 10-year follow-up period.

The resorptions had undergone repair in 13 teeth,
remained unchanged in 12 teeth and increased in 7
teeth (Table 3). Of the 7 incisors with increased re-
sorption, none exhibited reduced vitality or ankylosis
percussion sounds. In the 13 teeth exhibiting signs of
repair, no resorption was detectable in 11 teeth and
slight resorption in 2 lateral incisors. At the initial reg-
istration, severe or moderate resorption had been di-
agnosed in 12 lateral and 5 central incisors, compared
with 11 lateral and 6 central at follow-up (Table 4).

There were no clinical or radiographic signs of peri-
radicular (apical) periodontitis. In one case in which
the ectopically positioned canine had been extracted,
the marginal bone was intact, but there had been
some loss of bone height. For the other incisors, even
if the resorption site was in the cervical part of the root,
there was no marginal bone loss and the restitution of
the root cementum was evident (Figures 3 and 4).

One lateral incisor showed reduced vitality and pulp-
al obliteration (Figure 2). In all other resorbed incisors
the pulpal width was unchanged even when the re-
sorption cavity touched the pulpal chamber (Figure 4).

The results of the present study indicated that root
resorption associated with ectopic canines did not
threaten 2 to 10 years of long-term viability of the af-
fected incisors.

One lateral and one central incisor exhibited anky-
losis percussion sounds, and the latter also showed
radiographic evidence of ankylosis (Figure 3). Except
in the latter case, the periodontal contour of the inci-
sors was intact, within normal limits and with reestab-
lished lamina dura (Figures 1, 2, 4, and 5).

There had been remodeling of the damaged root
surfaces at the site of the resorption and the primary
resorption cavities had become shallower. In 10 sub-
jects with 13 resorbed incisors the resorption defects
were no longer discernible on intraoral radiographs
(Table 4; Figure 6).

Compared with unaffected contralateral teeth, the
root lengths of the resorbed incisors were normal in
20 of the 32. In three incisors the root was shorter,

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



781FOLLOW-UP OF ROOT RESORPTION

Angle Orthodontist, Vol 78, No 5, 2008

Figure 2. (A) Periapical radiograph of the ectopically positioned maxillary left canine. Suspected resorption on the distal of the maxillary left
central incisor adjacent to the cusp. No resorption is seen on the maxillary left lateral incisor. (B) CT shows moderate resorption on the lingual
aspect of both the left central and lateral incisor roots. (C) Radiograph exposed immediately after the removal of the canine. Resorption is
visible on both incisor roots. (D) Control 1 year later with signs of healing. (E, F) Radiographs 10 years after the first examination show
normalization of the contour but obliteration of the pulp cavity in the maxillary left lateral incisor.
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Table 3. Resorption on the Incisor Roots at the Follow-Up Regis-
trations in Comparison with the First Registration

Incisors Normalized Unchanged Increased Total

Lateral 13 6 5 24
Central 0 6 2 8
Total 13 12 7 32

Table 4. Thirty-Two Resorbed Incisor Roots at the First Registra-
tion (Reg) and at the Follow-Up

Incisors

Not Detectable

First
Reg Follow-Up

Slight

First
Reg Follow-Up

Detectable/
Severe–Moderate

First
Reg Follow-Up

Lateral 0 11 12 2 12 11
Central 0 2 3 0 5 6
Total 0 13 15 2 17 17

Figure 3. (A) Intraoral radiograph showing ectopically positioned maxillary left canine, overlapping the central incisor. The central incisor shows
a distally located root resorption. (B) CT verifies severe resorption of the central incisor with pulpal involvement. (C) Control radiograph 9 years
later shows healing of the resorbed root with ankylosis. There is no sign of marginal bone involvement.

less than half the length of the contralateral tooth (Ta-
ble 5).

DISCUSSION

Root resorption of permanent maxillary incisors ad-
jacent to ectopically positioned canines, is probably
caused by inherent pressure due to migration of the
displaced, erupting canine combined with physical
contact between the root of the incisor and promi-
nences on the canine crown.15,19

Early detection of canine impaction, diagnosis and
assessment of the extent of resorption is of funda-
mental importance for prevention or early intervention
to reduce subsequent complications.9,20 Careful clinical
supervision is recommended from the age of 9–11
years. In 7%–10% of cases radiographic analysis was
necessary to detect the position of the canines.5,6,9,21

In some patients intraoral and panoramic radiographs
must be complemented with CT investigation in order
to determine the presence of root resorption on adja-
cent incisors.

Orthodontic treatment of cases in which an ectopi-
cally positioned maxillary canine is complicated by as-
sociated resorption of an incisor root varies according
to such individual factors as the position of the canine,
lack of space and guidance, developmental stages of
neighboring teeth, and site and severity of the root re-
sorption.15 The most common approach is surgical ex-
posure of the impacted canine and orthodontic repo-
sitioning, sometimes in combination with extraction of
premolars. The question arises as to whether in the
long term the root resorption progresses, ceases, or
undergoes repair.

This follow-up study comprised 27 subjects with 32
resorbed incisor roots: 8 individuals had been exclud-
ed because of extraction of both lateral incisors as part
of the orthodontic treatment.

The number of boys (7) and girls (20) is in agree-
ment with the average sex ratio for resorbed incisors.9

This was in contrast to the study by Becker and Chau-
shu17 where all 11 subjects were female. The limited
number of subjects may explain the difference.

The results in our study are uniform and show good
clinical and radiographic evidence of healing in all cas-
es except for one ankylosed tooth and one with pulpal
obliteration (Figures 2 and 3). This is in accordance
with the result of Becker and Chaushu17 in their 1-year
follow-up.

In 13 of the 32 incisors, no lesions were discernible
at follow-up. This may be attributable to the size and
location of the original lesions on the roots, to remod-
eling and formation of the new root cementum and
periodontal contour, but also to the relative lack of de-
tails on intraoral radiographs compared to CT scan
(Table 3; Figure 6). CT scans, undertaken in some of
the cases, indicate residual but healed defects on the
roots, not discernible on the intraoral films.

Whether the resorbed but healed incisors will con-
tinue to function in the long term has yet to be deter-
mined. It is likely that small to moderate defects have
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Figure 4. (A,B) Panoramic and intraoral radiographs show resorptive lesions on the right lateral and central incisors. (C) CT discloses severe
resorption extending to the pulp on the palatal root surface of the lateral incisor and moderate resorption on the central incisor. (D) Periapical
radiograph at the control shows shortened roots with intact lamina dura and no sign of resorption activity on either of the incisors, indicating
healing. The maxillary right canine has been extracted. The irregular architecture of the trabecular bone in this area marks the position of the
impacted canine crown in the vicinity of the resorption sites.

a good prognosis because of restitution of protecting
tissues around the defect, while incisors with extensive
resorption involving the pulp are probably more vul-
nerable and less amenable to repair. However, even
severely resorbed incisors may function as temporary
space maintainers during the growth period until final
treatment can be undertaken.

No resorbed incisor needed endodontic treatment.
None of the seven teeth with increased resorption
showed reduced vitality or ankylotic percussion
sounds (Table 3). Orthodontic forces may be respon-
sible at least in part for continued resorption (Figure
5).

Clinically, it can be difficult to identify orthodontically
treated retained canines. In an earlier study it was
found that in subjects with unilateral retained canines,
five experienced orthodontists were able to identify
such teeth in only 35% of the cases.22 With respect to
esthetic outcome, an earlier study of 61 subjects dis-
closed that only four were dissatisfied: in all four pa-
tients, canines replaced the lateral incisors.22 It is im-
portant to distance the canine from the resorbed inci-
sor root as early as possible in the orthodontic treat-
ment.

Based on the follow-up intraoral radiographic ex-
amination, there was no significant difference in the
severity of the resorptive lesion between the ectopic
canine experienced extraction or orthodontic reposi-
tioning. However, in this context, there is always the
possibility of minor changes not discernible on intra-
oral radiographs.

In certain individuals a shortening of the root length
could be seen on maxillary incisors where fixed ortho-
dontic appliances had been used. (Figure 5D,E). Of
course, this is also true in patients who undergo fixed
appliance therapy for other anomalies.

The benefits of complementing conventional radio-
graphs with CT as a diagnostic aid in disclosing re-
sorptive lesions has been demonstrated in a recent
study of 80 patients.16 Orthodontic treatment plans
were compiled before and after complementary CT
data resulted in modification of the treatment plans in
43% of patients. Based on information from intraoral
radiographs and panoramic films only, the treatment
plan was to extract lateral incisors in 11 patients be-
cause of the risk of root resorption. With the additional
information from the CT investigation, it was evident
that no root resorption was present.16
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Figure 5. (A) CT scan shows severe resorption reaching the pulp on the left lateral incisor. (B, C) CT and periapical radiographs 2 years after
the removal of the canine show the root of maxillary left lateral incisor during the healing process. The lamina dura is under repair. (D) Periapical
radiograph taken during orthodontic treatment. The apex of the root of the maxillary left lateral incisor is shortened and remodeled. (E) Periapical
radiograph of the maxillary left lateral incisor, 4 years after orthodontic treatment. The root of the maxillary left lateral incisor is shortened and
healing is complete. The root of the central incisor is also shortened after the orthodontic treatment.

Figure 6. (A) Periapical radiograph. Left maxillary canine is overlapping the lateral incisor. Resorption on the left maxillary lateral incisor cannot
be diagnosed. (B) CT illustrates slight resorptive damage on the buccal aspect of the root surface. (C) Intraoral radiograph at follow-up: there
is no discernible defect on the root of the lateral incisor and the initially resorptive lesion is considered normalized.

Table 5. Root Length of the Incisors Resorbed Due to Ectopically Positioned Maxillary Canines Compared with the Unresorbed Contralateral

Incisors
Normal Equal With

Contralateral
⅔ of

Contralateral
½ of

Contralateral
�½ of

Contralateral Total

Lateral 14 4 3 3 24
Central 6 1 1 0 8
Total 20 5 4 3 32
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The results of the present study indicate that root
resorption associated with ectopic canines does not
threaten the long-term viability of the affected incisors.
Our results suggest that treatment with fixed orthodon-
tic appliances after surgical exploration of the impact-
ed canine is the treatment of choice in such cases. To
confirm these results, further studies are warranted on
a larger material and with longer follow-up. It is rec-
ommended that such studies should include CT inves-
tigations.

CONCLUSIONS

• The long-term prognosis for maxillary incisors with
root resorption associated with ectopically positioned
canines is good. In most cases the resorption heals
after management of the ectopic canine by surgical
exposure and orthodontic repositioning, or by surgi-
cal removal.

• Even in cases with severe resorption, the incisor
roots show good long-term healing.

• Resorption sites, which are recorded at initial regis-
tration and subsequently undergo repair, might be
difficult to identify at follow-up if evidence is limited
to intraoral radiographs.

• Incisors with root resorption can be used in an or-
thodontic appliance system.

• No indications are present for endodontic treatment
to arrest further root resorption.
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