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Abstract — Background| Aim: Intrusive luxation in the permanent dentition is an
uncommon injury but it is considered one of the most severe types of dental
trauma because of the risk for damage to the periodontal ligament, pulp and
alveolar bone. Management of intrusive luxation in the permanent dentition is
controversial. The purpose of this study was to evaluate pulp survival and
periodontal healing in intrusive luxated permanent teeth in relation to treatment
alternatives, degree of intrusion and root development. Material and

Method: The material consisted of 60 intruded permanent teeth in 48 patients
(32 boys and 16 girls) aged 616 years (mean 9.4, median 9.0). The observation
time was 6130 months (mean 47.8, median 40.0). The analysed treatments were
spontaneous re-eruption (17 teeth), orthodontic extrusion (12 teeth) and surgical
reposition (31 teeth). The degree of intrusion was registered as mild (0-3 mm),
moderate (4-6 mm) and severe (27 mm). Root development was categorized
with respect to root formation and development of the apex into four stages;
one-quarter to three-quarters root formation, full root formation with open
apex, full root formation with half-closed apex and full root formation with
apex closed. Ankylosis-related resorption with pulp necrosis was diagnosed in 20
teeth, ingrowth of bone apically in two teeth, pulp necrosis without ankylosis-
related resorption in 23 teeth and pulp revitalization occurred in 15 teeth.
Results: Significant correlations to the treatment outcome were root
development (P = 0.03) and degree of intrusion (P = 0.03). Conclusions: No
firm conclusion could be drawn for the difference in outcome between
orthodontic extrusion and surgical reposition. To conclude, evaluation of the
prognosis for intruded teeth should be based on the stage of root development
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and degree of intrusion. In teeth with immature root development, no active
treatment appears to result in fewer healing complications.

An intrusive luxation is defined as a dislocation of the
tooth in an apical direction into the socket (1). It is
considered one of the most severe types of dental injuries
to the teeth because it might cause great damage to the
periodontal ligament (PDL), the pulp and the alveolar
bone. Intrusive luxation in the permanent dentition is an
uncommon dental injury, with a frequency of 0.5-1.9%
of all dental injuries (2, 3). Periodontal regeneration may
occur in moderate intrusions, but complications like pulp
necrosis, infection-related (inflammatory) root resorp-
tion, ankylosis-related resorption (replacement resorp-
tion) and marginal bone loss are frequent (4). Pulp canal
obliteration is common but should be considered as sign
of a revitalization of the pulp.

Acute management of an intruded tooth in the young
permanent dentition is restricted to three treatment
strategies, spontaneous re-eruption, orthodontic reposi-
tioning and surgical repositioning. The most significant
factors reported for the outcome are type of treatment,
degree of root development and degree of intrusion (5—
11). There is, however, no consensus about the optimal
treatment to minimize the occurrence of complications.
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Andreasen et al. (7) concluded that in teeth with
immature root development, spontaneous re-eruption
should be awaited, in teeth with mature root develop-
ment in patients in the age interval 1217, spontaneous
re-eruption could be awaited and finally in patients older
than 17 with mature root formation, orthodontic or
surgical repositioning should be performed. Also Wigen
et al. (12) recommended spontaneous re-eruption in 6- to
12-year-old children.

It is important to remember that these recommenda-
tions are based on subjective opinions and not on
currently supported evidence-based clinical facts.

Children aged 6-12 years are most frequently in-
volved in intrusions (13, 14). Complications are partic-
ularly difficult to handle in these young growing
patients with various degrees of somatic maturity, and
skeletal, dental and occlusal development. It is therefore
important to report knowledge of the outcome of
different treatment strategies to eventually create con-
sensus.

The aim of this study was to evaluate treatment
alternatives in relation to pulp survival, periodontal
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healing, degree of intrusion and root development in
intrusive luxated permanent teeth.

Material and methods

The study population comprised 70 patients with intru-
sive luxation injuries consecutively referred from the
Public Dental Health Services in Stockholm to the
Department of Paediatric Dentistry, at the Eastman
Institute in Stockholm during the period 1977-2007.
Clinical data were extracted from patient records with
the same protocol as in the studies described by
Andreasen et al. (2, 5, 7). Of the total study group, 22
were excluded because of incomplete information. The
final group of subjects consisted of 48 patients (32 boys
and 16 girls) aged 6-16 years (mean 9.4, median 9.0).
Altogether 54 central incisors, four lateral incisors and
two canines were included. In 37 patients, one tooth was
intruded, in 10 patients two and in one-three intruded
teeth, totally 60 teeth. The observation period varied
from 6 to 130 months (mean 47.8, median 40.0).

Radiographic documentation

A standardized long-cone radiographic technique was
used.

The extent of intrusion was measured to the nearest
millimetre with a sliding calliper on the most reliable
radiograph as the difference in level of the cementum—
enamel junction of the intruded tooth and the homolo-
gous control (2) (Fig. 1). All radiographs were examined
independently by two of the authors (G.T, B.M.). In
patients with more than one incisor intruded, the
assessment was made from a combination of radio-
graphs, clinical photos and records. The degree of
intrusion was classified as mild (1-3 mm), moderate (4—
6 mm) and severe (=7 mm). Twenty-three radiographs,
randomly selected from the material, were used for
double determination of the classification. Kappa statis-
tics was used for the evaluation. An almost perfect
agreement was found (Kappa = 0.90) (15).

Stage of root development (Fig. 2): The stage of root
development was classified as: 1 = one-quarter root
formation, 2 = one-half root formation, 3 = three-
quarters root formation, 4 = full root formation, open
apex, 5 = full root formation, half-closed apex and
6 = full root formation, apex closed (2). Stages 1-3 were
pooled in the final statistical analysis. Double determi-
nation of the root development stages on the same 23
radiographs as above showed complete agreement.

Treatment

Three types of treatment were registered: no active
treatment (spontaneous re-eruption), orthodontic extru-
sion and surgical reposition. A combination of surgical
treatment and orthodontic extrusion was performed in
four teeth. Two of these were luxated with the fingers
and two were treated with gingival exposure followed by
orthodontic repositioning. These four teeth were in-
cluded in the orthodontic treatment group. Two teeth in
the orthodontic treatment group started their treatment

Fig. 1. Measurement of intrusion. The extent of intrusion was
measured at enamel/cementum borders between the intruded
tooth and the homologous no injured control to the nearest mm
with a sliding caliper on the most reliable radiograph.

21 days and 4 months, respectively, after the initial
trauma. The reason for delay was awaiting spontaneous
re-eruption or late referral.

Splinting of the surgically repositioned teeth was
performed with a flexible splint (Kevlar splint and
flexible orthodontic wire). The splinting period ranged
from 6 to 80 days (mean 28.9 days, median 25 days).
When systemic antibiotic treatment was applied penicil-
lin in doses of 1 g twice daily for 1 week was used.

Diagnostic criteria for pulpal and/or periodontal healing

The following criteria for pulpal and/or periodontal

healing were used (4).

Pulp revitalization: Positive sensibility reaction, normal
tooth colour and normal periradicular condition
including continued root formation and obliteration.
Teeth with ingrowth of bone and PDL through the
apex were also considered as being revitalized.

Pulp necrosis: No reaction to electric stimulation com-
bined with periapical radiolucency and/or inflamma-
tory resorption and/or crown discoloration.

Normal periodontal healing: Equal mobility of the injured
tooth in comparison with the non-injured control teeth
and no radiographic signs of root resorption.

External surface resorption (repair-related resorption): A
radiographic defect on the root surface, bordered by a
normal PDL, space and lamina dura.

Infection-related resorption (inflammatory resorption):
Radiographic sign of external resorption cavities
affecting both the root surface and adjacent bone.

Ankylosis-related resorption (replacement resorption):
Loss of the PDL space, a high clinical percussion
sound and no or decreased mobility. Transient anky-
losis was defined as a lowered mobility that later
becomes normal.
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Fig. 2. Classification of root development stages: 1 = one-quarter root formation, 2 = one-half root formation, 3 = three-quarters
root formation, 4 = full root formation, open apex, 5 = full root formation, half-closed apex, 6 = full root formation, apex closed.

Statistical analysis

To evaluate the relative importance of various factors on
the outcome of intrusive luxations, Spearman’s rank
order correlation and Cox proportional stepwise hazard
regression analyses (16) were performed. In these anal-
yses, pulp revitalization, pulp necrosis and/or ankylosis
were used as dependent variables and gender, age, degree
of intrusion, degree of root development and type of
treatment (spontaneous, orthodontic or surgical), sys-
temic antibiotic administration, splinting time and
splinting type are used as independent variables. The
significance level P < 0.05 was used. To illustrate the
effect of variables significantly related to the outcome,
Kaplan—Meier survival curves (17) were constructed and
compared. All data were analysed using STATISTICA v. 10
(StATSOFT; Scandinavia AB, Uppsala, Sweden).

Results

Distribution of the root development and degree of
intrusion in relation to type of treatment in the 60
intruded teeth is shown in Table 1. Complete healing with
revascularization of the pulp was observed in 15 teeth,
pulp necrosis without ankylosis-related resorption in 23
teeth, ankylosis-related resorption without pulp necrosis
in 20 teeth and ingrowth of bone apically in two teeth.

© 2011 John Wiley & Sons A/S

Treatment

No active treatment was performed in 17 teeth. Two of
these did not re-erupt, one because of replacement-
related ankylosis and one because of in growth of bone
apically. The time interval between trauma and complete
re-eruption varied from 1 to 8 months (mean 119 days,
median 100 days).

Orthodontic extrusion was performed in 12 teeth. This
treatment started within | week to 8 months after
trauma (mean 93 days, median 63 days). Extrusion
failed in two teeth, of which one was started after
21 days and one after 4 months. The duration of
extrusion varied from 2 weeks to 3 months (mean
57 days, median 62 days).

Surgical repositioning was performed on two teeth
with incomplete root development and open apex (index
1-3), five with complete root development and open apex
(index 4), nine with full root development and half-
closed apex (index 5) and on 15 with full root formation.

Pulpsurvival

Pulp revitalization occurred in all 17 teeth with
complete healing. In all but one apex was open at
the accident, and during the follow-up period, contin-
uous root development and/or obliteration was seen.
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Table 1. Number of teeth with different root development and
degree of intrusion in relation to type of treatment

Degree of intrusion

Root Mild Moderate Severe
development 0-3 mm 4-6 mm =7 mm Total
Spontaneous
re-eruption
1-3 3 2 3 8
4 1 4 1 6
5 0 1 0 1
6 1 1 0 2
Total 5 8 4 17
Orthodontic
extrusion
1-3 0 1 0 1
4 1 1 3 5
5 2 2 0 4
6 0 1 1 2
Total 8 5 4 12
Surgical
repositioning
1-3 1 1 0 2
4 1 2 2 5
5 3 4 2 9
6 2 3 10 15
Total 7 10 14 31

Root development 1-3 = one-quarter to three-quarters root formation; 4 = full
root formation, open apex; 5 = full root formation, half-closed apex; 6 = full
root formation, apex closed.

The follow up ranged from 26 to 110 months (mean
48.6).

Pulp necrosis without ankylosis-related resorption was
diagnosed within 14 months in 23 teeth, 14 having
almost closed or closed apices, five with full root
formation and open apex and four with an incomplete
root formation (Fig. 3). Limited infection-related root
resorptions were diagnosed in 11 teeth. The teeth healed
after endodontic treatment and were followed up from
27 to 110 months (mean 69.5).

Roat development and pulp neciosis
o Pulp pecnosis

T
.- =
-

=
m

Cumulatwe proponicn Suniving
=1 -
=

Root

: devalopment
oo 1 Stages
=3

o 20 40 B0 1) 100 120 140

i -
Turrss ins months B

Fig. 3. Kaplan—Meier survival analysis illustrating pulp necro-
sis without ankylosis in 23 intruded teeth in relation to root
development stages.

Periodontal healing

Ankylosis-related resorption with pulp necrosis was
diagnosed in 20 teeth and 11 of these were lost. The
diagnosis was made within | year in eight teeth, and
within 2 years in nine teeth and in three teeth after more
than 2 years when the patients had finished orthodontic
treatment (Fig. 4a). Two of the ankylosed teeth were
extracted and five decoronated because of increasing
infraposition. Three were later on replaced by autotrans-
plantation of premolars. One tooth was extracted
because of a cervical root fracture. The remaining nine
ankylosed teeth persisted after 3-9 years with only slight
infraposition. The two teeth with ingrowth of bone in the
pulp canal apically were extracted because of increasing
infraposition.

Degree of intrusion

The degree of intrusion was severe in 22, moderate in 22
and mild in 16 teeth. Only one tooth with mild intrusion
developed ankylosis, whereas ankylosis was found in
seven teeth with moderate and 12 with severely intruded
teeth (Fig. 4b).

Root development

Root development in relation to ankylosis is illustrated in
Fig. 4c. Root developments one-quarter to three-quar-
ters root formation (stages 1-3) were seen in 11 teeth.
None exhibited replacement resorption including teeth
with severe intrusion. Three of 16 teeth with completed
root development and open apices (stage 4), and five of
the 14 teeth with completed root development and half-
closed apex (stage 5) exhibited ankylosis, all of them
being surgically repositioned. Five of the surgical repo-
sitioned teeth with mature root formation and closed
apices had before repositioning, been stored in a solution
of doxycycline 0.05 mg ml™', and only one of these teeth
exhibited ankylosis-related resorption.

Significant correlations to the treatment outcome were
root development (P < 0.001), type of treatment
(P < 0.001) and degree of intrusion (P < 0.001), when
each factor was analysed separately. When Cox stepwise
regression analysis was performed, only root develop-
ment (P = 0.03) and degrees of intrusion (P = 0.03)
were significant for the development of ankylosis and
only root development for pulp necrosis (P = 0.01). No
significant correlation was found between the outcome
and systemic antibiotic administration, splint type and
splinting time.

Discussion

The patients in this study were children and adolescents
aged 6-16 years. The material was collected from files
covering 30 years of treated patients at the Eastman
Institute in Stockholm, Sweden. It represents various
types of treatments for intruded incisors with all degrees
of severity. The injured teeth had been treated by well-
trained pedodontists at the Institute according to stan-
dardized procedures (14). The great biological difference
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Fig. 4. (a) Kaplan—Meier survival analysis of 20 intruded teeth
with ankylosis in relation to the type of treatment. (b) Kaplan—
Meier survival analysis of 20 intruded teeth with ankylosis in
relation to the degree of intrusion. (c) Kaplan—Meier survival
analysis of 20 intruded teeth with ankylosis in relation to root
development stages. No teeth with root developments 1-3
developed ankylosis.
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in the healing scenarios seen in children and adolescents
owing to the growing processes of the face with erupting
immature teeth and growing alveolar processes makes
treatment decisions difficult and individual judgements
of each case must be considered (18).

Treatment

We found that the type of treatment was significantly
correlated to the healing outcome, spontaneous re-
eruption being most favourable. Spontaneous re-erup-
tion of immature teeth has been recommended earlier (7,
9, 12). This study supports this statement. Surgical
repositioning had the least favourable outcome. This
treatment was, however, performed in severely intruded
teeth with completed or almost completed root develop-
ment (Table 1), which makes the comparison with
orthodontic extrusion and spontaneous re-eruption dif-
ficult. The surgical procedure might also have induced
additional trauma. This is in contrast to animal exper-
iments in dogs were immediate surgical repositioning
neither harmed the repair process nor caused additional
damage (19). Al-Badri et al. (20) found that the occur-
rence of root development was related to the severity of
the original injury and the stage of root development
rather than the repositioning procedure that is in
agreement with our study. In addition, two teeth, where
orthodontic treatment was used, had failed to re-erupt.
Both these teeth had a delay in orthodontic treatment
with 21 days and 4 months, respectively. The delay was
because of a late referral or awaiting spontaneous re-
eruption. Both teeth were diagnosed with ankylosis and
were extracted. Interestingly, both teeth had closed
apices (root development, stage 6).

Pulp survival

There is always damage both to the pulp and the PDL in
intrusive luxations. The main finding in this retrospective
study was that root development is significantly corre-
lated to the clinical outcome after an intrusive luxation.
Pulp revitalization occurred in 15 of 27 teeth with
incomplete root development, stage 1-4. It is well known
that pulp survival more likely occurs in immature than in
mature teeth after luxation injuries (21) and that
revascularization might occur even in replanted imma-
ture teeth (22-24). In teeth with almost closed or closed
apices, the outcome was less successful with only one
tooth becoming revitalized without ankylosis-related
resorption. On the other hand, the long-term prognosis
after endodontic treatment is good in mature teeth (25,
26).

Periodontal healing

In most studies, all types of external root resorptions
(surface, infection-related, ankylosis-related and invasive
cervical resorption) have been pooled (5, 7, 12). These
resorptions have different disease processes and clinical
importance. A surface resorption, which in most cases
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only can be detected microscopically, has per se no
influence on the prognosis for the tooth. An infection-
related resorption will be arrested after endodontic
intervention. If this resorption has been detected at an
early stage, the long-term prognosis for teeth with closed
or almost closed apices is good. In immature teeth, pulp
necrosis is more severe. The long-term prognosis for
endodontically treated immature teeth with calcium
hydroxide and gutta-percha is poor because of the thin
dentinal walls with risk of cervical root fractures later on
(27). A new approach to the treatment of non-vital
immature teeth has been tested. This new treatment
consists of disinfection of the pulp with a mixture of
antibiotics and inducing a blood clot that seems to
trigger a revitalization process (28-31). However, further
studies are needed to evaluate this technique.

The worst scenario is ankylosis-related resorption. A
vital pulp is rare in these cases, and no such case was
found in our study. In the literature, pulp necrosis
without ankylosis-related resorption has not been dis-
tinguished from pulp necrosis and ankylosis. We found it
important to make such a distinction. Ankylosis-related
resorption is the most serious complication in growing
individuals. The condition is progressive and if the tooth
is left in situ, infraposition will occur and growth of the
surrounding alveolar bone will be arrested (18, 32). Teeth
with open apices have been shown to have the best
prognosis regarding healing of the PDL (20), which is in
agreement with this study. This might be due to a more
resilient bone surrounding immature teeth, allowing
intrusion with less damage to the PDL (5).

An interesting finding was the positive effect of topical
application of doxycycline on periodontal healing. A
total of 15 teeth with closed apices were surgically
repositioned. In nine of these both pulp necrosis and
replacement resorption developed and in six only pulp
necrosis. Five of the teeth with just pulp necrosis had
been soaked in a 0.05 mg ml™" doxycycline solution for
5 mins, before replantation. Although the number of
teeth in this study are too small to make any strong
conclusions, the favourable effect of doxycycline ob-
served supports the findings of Cvek et al. (33) in their in
vivo monkey replantation study. Topical application of
doxycycline in human teeth is an important issue for
further studies.

Conclusion

No firm conclusion could be drawn between the outcome
of orthodontic extrusion and surgical repositioning.
According to this study, the evaluation of the prognosis
after intrusion luxations should be based on the stage of
root development and the degree of intrusion. In teeth
with immature root development, spontaneous reposi-
tioning appears to result in fewer healing complications.
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