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Abstract - Thirty-fotir patients with 45 avulsed and replanted
permanent teeth were followed for 1 year. All teeth were soaked in
tetraeyeline before replantation. In addition, enamel matrix
derivative was used in teeth with dry storage times exceeding
30 min. Splinting was carried out with a non-rigid titanium splint
and was limited to 7-10 days. Within that period, root canal
treatment was begun in all teeth with a closed apex, whereas teeth
with an open apex and ideal post-traumatic storage were not
instrumented. All patients were given tetraeyeline systematically
for 10 days. The survival rate of replanted avulsed permanent
teeth was 95.6% at the 1-year follow-up. In 82.2%, root canal
treatment was performed. Pulp survival was never observed, but
three teeth had pulp canal obliteration. Normal periodontal
healing was observed in 57.7% of teeth; 42.3% of teeth showed
external root resoiption (28.9% replacement resoiption, 6.7"/()
infection-related resorption, 6.7% surfaee resorption). The oeeur-
renee of replaeement re.sorption correlated with the period of
extraoral dry storage. Compared with other clinical studies on
availsed and replanted teeth, the present study reports a higher
percentage of periodontal healing. The favorable treatment
outcome may be associated with a strict protocol to enforce
endodontic treatment, the use of topical and systemic tetracycline,
and the relatively high number of ideally stored teeth following
avulsion. In contrast, the present study has a follow-up period
limited to I year.
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Avulsion is a complex injury affecting the pulp,
periodontal ligament and the alveolar bone. Availsed
permanent teeth can sur\ive following replantation.
However, post-traumatic external root resorption
eventually resulting in loss of the traumatized tooth
is a frequent finding (1-3). As avulsions mostly occur
in children and adolescents, ankylosis following
replantation of avulsed permanent ineisors may also
affect the growth of the alveolar ridge, and the
eruption and position of the adjacent teeth (4-6).
Functional and esthetic rehabilitation of ankylotic
teeth still remain a challenge, with regard to
regeneration of hard and soft tissues.

The storage medium and tlie duration of extra-
oral storage of an avulsed tooth is critical for

periodontal healing (2, 7-10). The extent of damage
to periodontal ligament cells and the condition of
the pulp may both afiect the outcome of periodontal
healing (2, 11).

Recently, the use of chemotherapeutic agents has
been advocated to manipulate pharmacologically
the processes resulting in external root resorption. In
particular, in experimental animal studies, tetracyc-
line has been shown to be effective in the prevention
or attenuation of external root resorption when
applied systemically and/or topically (12-14). The
rationale of using tetracycline is to benefit from its
antiresorptive properties. Tetracycline has a direct
inhibitory effect on collagenase activity and osteo-
clasts. In addition, its antimicrobial effect may
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eliminate bacteria which have contaminated the
alveolus, the periodontal and pulpal tissues [15, 16).

A new approach in the treatment of avulsed
permaneni teeth is the use of regenerati\e tech-
niques for stimulation and/or cUlTerentiation of cells
leading to periodontal regeneration. Enamel matrix
derivative (EMD") has attracted recent interest to
support periodonlal healing following avulsion (17-
20). The extent of damage to the root cementum
appears to be correlated witli the risk of post-
traumatic external root resorption. Hence, the
stimulation of cementogenesi.s, i.e. induction and
deposition of new cementum, may be an important
step for periodontal ligament iiraling.

The objective ofthe present study was to evaluate
the treatment otitcome of 45 avulsed and replanted
permanent incisors after a 1-year follow-up period.
In particular, the following aspects were to be
assessed with regard to pulpal and periodontal
healing: time and medium of extraoral storage,
endodontic ireatment, use of tetracychne, and
application of EMD.

Material and methods

The material included 34 patients with 45 avulsed
permanent teeth (31 maxillaiy central incisor's, 2
maxillary lateral incisors, 11 mandibular incisors, 1
mandibular canine). Seventy-four percent of the
patients were younger than 16 years. The mean age
of all patients was 21 years (range 6 48 years).
Cases were enroUed during a 2-year period from
April 2001 to March 2003. .Ml patients were
followed for 1 year.

Exclusion criteria were concomitant root or
complex erowii-root fractures, teeth with preceding
trauma, root canal-treated teeth, or teeth with
large restorations. In addition, cases with avulsed
teeth that were not found or were not replanted for
other reasons were not enrolled in the present
study.

On arrival at the department, the avulsed tootli
was immediately placed into a special storage
medium (Dcntosafe; Medice, Iscrlohn, Germany)
for at least 30 min. In the meantime, clinical and
radiographic examination were performed. The
socket was rinsed wiih saline, and soft tisstie
lacerations were re-approximated and sutured when
necessary. Before replantation, the avulsed tooth
was soaked in 5% tetracycline (1 mg oxytctracyclinr
HCL and 20 ml saline), ln cases with extended dr)-
storage (>30 min), EMD (Emdogain; Straumann
Biologies, Waldenburg, Switzerland) was applied
into the socket and onto the root surface. The tooth
was then manually replanted and stabilized with a
non-rigid splint (TTS; Medartis AG, Basle, Swit-
zerland) for 7-10 days (21).

.All teeth %vith a closed apex (diameter of apical
foramen <1 mmj were sttbjected to root canal
treatment within 7-10 days. Root canal treatment,
carried out either at the Department of Operative
Dentistr)' or by a private dentist, included tlie
placement of Ledermix-paste (Lederle, Zug, Swit-
zerland) for 2-3 weeks. Thereafter, Ixdermix was
replaced with calcium hydroxide dressings. Teetii
with au o]3en apex (diameter of apical foramen
> 1 mm) and ideal storage conditions following
avulsion were not root canal treated, but were
re{alled after 2, 3, 4 and 8 weeks, and subsequently
ever\- 2 months.

Postoperati\ e medication included analgesics and
chlorhexidine digluconate mouthwash. All patients
received a systemic tetracycline regimen for 10 days
(Doxyclin; Spirig, Egerkingen, Switzerland). Pa-
tients weighing <50 kg were given 100 mg on the
first day, and 50 mg for days 2-10. Patients >50 kg
received double this dosage.

Follow-up examinations at 3, 6 and 12 months
included a clinieal and radiographic check focused
on pulpal and periodontal changes. The clinical
examination comprised inspection, palpation, per-
cussion, periotest measurements, pulp sensitivity-
testing using CO^-snow, and pulp vitality testing
with laser Doppler flowmetry.

Results

The survival rate at tlie l~year reexaminadon was
95.6"/o (43/45). Two replanted avulsed teeth had to
be removed in the follow-up period: one tooth
developed a progressive infection-related external
root resorption (Fig. 1) and was extracted 20 weeks
following replantation, another tooth developed a
combined endo-perio lesion and was extracted
6 weeks after replantation.

During tlie 1 year follow-up period, 36 (80%)
teeth were root canLil-treated. A vita! pulp was never
found at the l-year reexamination. In 29 teeth with

Fif>. 1. {•A\ 7'lif ;i\'Lilscci lcfi maxiilaiy central incisor has been
repkimed LIIKI suibilize<l using a wirc-rompewit splini. (b) The 3-
monih radiograph shows an advanced pulp-inlt'ction related
exlernal rool rcsorpiion of the replanted incisor.
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Table 1. Pulpal healing related to endodontic treatment and stage of apical ciosure (n = 45)

Eariy root canal treatment
(within 7-10 days) Deiayed root canai treatment No root canai treatment

Puip survival
Puip canai obiiteration
Pulp necrosis
Endodontic obturation
Total
Total (%)

Apex open

-
-
-
2
2

27

Apex

(60)

closed

-
-
-
25
25

Apex open

-
-
1
7
6

10

Apex

(22.2)

ciosed

-
-
-
2
2

Apex open

-
3
3
-
6

E

Apex

i (17.8)

closed

-
-
2
-
2

Total {%)

-
3 (6.7)
6 (13.3)

36 (80)
45 (100)
45 (100)

a closed apex, 25 teeth were root canal-treated
within 7-10 days (Table 1). Two teeth were root
canal-treated at a later time, and two teetii showing
no endodontic treatmenl at the 1-year reexamina-
tion presented signs of pulp necrosis. OI" 16 teeth
with an open apex, two had an early root canal
treatment (within 7-10 days), and eight had a
delayed root canal treatment. Three teeth devel-
oped pulp obliteration (Fig. 2). In three cases in
which a root canal treatment had been planned, the
patient or the private dentist declined such treat-
ment. At tlae 1-year follow-up, all these teeth
showed signs of pulp necrosis (Table 1).

Fig. 2. (a) Avulsion ofthe right maxillary central incisor, (b) The
avulsed toolh has been replanted and stabilized using a TFS
splini. (c) The l-year radiograph shows pulp canal obliteration
and a normal PDL space in the right central ineisor.

With respect to periodontal healing, 26 teeth
(57.7%) showed normal periodontal heaiing during
the l-year follow-up (Table 2a). In teeth with an
open apex, periodontal healing was found more
often (62.5%) compared to teeth with a closed apex
(55.2%) (Table 2b). Replacement resorption was
seen in 13 teeth (28.9%) (Fig. 3). It was less frequent
in teeth with an open apex (25%) compared to teeth
with a closed apex (31%). Three replanted teeth
developed an infection-related external root resorp-
tion. In one tooth, root resorption was successfully
stopped following root canal treatment (Fig. 4). The
other two teeth had to be extracted: one tooth
developed a combined endo-perio lesion, and one
tooth showed a progressive external root resorption
(Table 2a).

The relationship between periodontal healing
and pulp status is shown in Table 3. An infection-
related external root resoiption was always asso-
ciated with pulp necrosis. Al! three teeth with
pulp canal obliteration demonstrated periodontal
healing.

The correlation of periodontal healing and post-
traumatic dry storage is shown in Table 4. The
occurrence of replacement resorption increased
with extended periods of dry storage. Replacement
resor|3tion ranged from only 9.5% in teeth with a
short dry storage of below 15 min to 100% in teeth
with dry storage exceeding 60 min.

Tabie 2a. Periodontai heaiing related to endodontic treatment (n = 45)

Immediate root canal
treatment Delayed root canal treatment No root canal treatment

Apex open Apex closed Apex open Apex closed Apex open Apex closed Total {%)

Periodontal fieaiing 1
Surtace resorption
infection-related resorption
Repiacement resorplion 1
Total 2

Total (%)

14
1
Y
9

25

27 (60) 10 (22.2)

1

8 (17.8)

26 (57.7)
3 (6.7)
3 (6.7)

13 (28.9)
45 (100)

45 (100)

•Tooth deveioped endo-perio lesion and was extracted during foilow-up period.
^Infection-reiated resorption successfuiiy stopped foiiowing deiayed root canai treatment.
•̂ Tooth had to be extracted due to progressive root resorption 20 weeks following replantation.
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Table 2b. Periodontal healing-related stage of apical closure (n ^ 45)

Apex open (%) Apex closed (%) Total (%)

Fig. 3. (a) A\tilsion of the left maxilliirv- central incisor and
crown fracture of the right maxillap,- central incisor, (b) The
avuised tooUi has been replanted and stabilized using a TTS
splint, (c) The 1-year radiograph shows external root resorption
in the left ccniral incisor (replacement resorption) and a nonnal
PDL space in the right central incisor.

(a)

Fig. 4. (a) Avulsion ollxuh mandibular central incison. (b) The
avulsed teeth have been replanted and stabilized using a TTS
splint, (c) Two months foUowing replantation the left central
incisor shows an infection related root resorption. (d) The
1-year radiograpU ,shr)w.s ihat root resoiption could be halted in
the left central incisor loltowing rool canal treatment. The right
central incisor presents now with pulp canal obliteration. Both
teeth have normal PDL spaces.

Periodontal healing 10 (62.5)
Surtace resorption 1 (6.25)
Infection-related resorption 1 (6.25)
Replacement resorption 4 (25)

Totai 16 (100)

16 (55.2)
2 (6.9)
2 (6.9)
9(31)

26 (57.7)
3 (6-7)
3 (6.7)

13 (28.9)

29 (100) 45(100)

The effect of the storage medium on periodontal
liealing is demonstrated in Table 5. Seventeen teeth
(37.8°/()) were stored in milk and 16 teeth (35.5%J
were stored in a Dentosafe Box.

EMD was applied in a total of 10 replanted teeth.
Replacement resorption was found in 50% of EMD-
treated teeth compared to 22.8% in teeth without
EMD treatment (Table 6).

Discussion

The present paper describes the 1-year treatment
outcome of 43 avulsed permanent teeth following
replantation. Special interest focused on pulpal and
periodontal healing, and on cfibrts nxininiizing
complications such as pulp necrosis and external
root resoiption.

Basically, three tissues are involved in heaUng
after replantation of an avulsed tooth: pulp tissue,
pcriodontal ligament, and alveolar bone ofthe tooth
.sot:ket. Following trauma, the pulp can show three
healing modalities: pulp survival, pulp obliteration,
or pulp necrosis. The latter plays an important role
in the df\elopment of post-traumatic external root
resoiption, and therefore, the term 'pulpal infection
root resoiption' has been suggested [22).

In consideration of earlier published data (see
below) about aviiised permanent teeth, a relatively
strict endodontic treatment protocol was utilized in
the present study. The majority of avulsed teeth
witli a closed apex, or teeth with an open apex but
non-physiologic storage, were subjected to root
canal treatment within 7-10 days. Thereby, nec-
rotic pulp tissue was removed, and none of these
teeth developed an infection-related external root
resorption except one tooth showing an endo-perio

Table 3. Periodontai healing reiated to puip status (n = 45)

Pulp canai obiiteration (%) Pulp necrosis (%) Endodontic treatment (%) Total (%)

Periodontal healing
Surface resorption
Infection-related resorpttoti
Replacement resorptlon

Totai

3 (100)

3 (100)

3 (50)
1 (16.7)
2 (33.3)
-

20 (55.6)
2 (5.5)
1 (2.8)*

13 (36.1)

26 (57.7)
3 (6.7)
3 (6.7)

13 (28.9)

6 (100) 36 (100) 45 (100)

'Endo-perio iesion.
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Table 4. Periodontal healing related to period of dry storage {ti = 45)

Dry storage
time <15 mln (%)

Dry storage
time 15-60 min (%)

Dry storage
time >60 min (%)

Dry storage
time unknown (%) Total (%)

Periodontai healing
Surface resorption
infection-related resorption
Replacement resorption

Totai

15 (71.5)
2 (9.5)
2 (9,5)
2 (9.5)

21 (100)

7 (53.8)

1 (7,7)
5 (38.5)

13 (100)

3 (100)

3 (100)

4(50)
1 (12.5)

3 (37.5)

8 (100)

26 (57.7)
3 (6.7)
3 (6.7)

13 (28.9)

45 (100)

Tabie 5. Periodontai heaiing related to storage medium (ti = 45)

Dentosafe
Box (%)

Milk Saliva Other Totai

8(50) 11(64.7) 3(60) 4(57.1) 26(57.7)
1 (6.25) 1 (5.9) - 1 (14.3) 3 (6.7)
1 (6.25) 1 (5.9) 1 (20) - 3 (6.7)

Periodontal healing
Surface resorption
Intection-related

resorption
Replacement 6 (37.5) 4 (23.5) 1 (20) 2 (28.6) 13 (28.9)

resorption

Total 16(100) 17(100) 5(100) 7(100) 45(100)

Table 6. Periodontal healing related to use of EMD (n — 45)

EMD No EMD
treatment (%) treatment (%) Total (%)

Periodontal healing 2 (20)
Surface resorption 2 (20)
infection-reiated resorption 1 (10)
Repiacement resorption 5 (50)

Totai 10 (100)

24 (68.6)
1 (2.9)
2 (5.7)
8 (22.8)

26 (57.7)
3 (6.7)
3 (6.7)

13 (28.9)

35 (100) 45 (100)

lesion. In two teeth with a closed apex, and in three
teeth with an open apex, the patient or the private
dentist had declined perfonning a root canal
treatment, and pulp necrosis was diagnosed during
follow-up. One of these teeth (with a closed apex)
also developed a progressive infection-related exter-
nal root resoqjtion and had to be extracted. In three
teeth with an open apex, pulp canai obliteration was
found at the re-examination. Apparently, revascu-
larization had taken place in these teeth following
replantation allowing hard tissue formation within
the pulp canal.

Andreasen ct al. (11) analyzed factors related to
pulpai healing in 400 replanted avulsed permanent
incisors. They reported a 34% chance of revascu-
larization for those teeth (32 of 94) in which pulpal
revascularization was considered possible. Pulpal
healing as represented by a positive sensibility
response was found after a mean interval of
6 months, followed by marked pulp canal obliter-
ation in 29 cases. The remaining three cases
presented with formation of internal bone. A wide
apex, a short pulp length, and wet and short

extraoral storage were all significantly associated
with pulp canal obliteration. In the present study,
three (18.8%) of 16 teeth with an open apex, and
without root canal treatment, showed pulp canal
obliteration at the l-year foUow-up.

In contrast, four teeth with an open apex
developed pulp necrosis. Initially, these teeth with
unfavorable storage conditions were scheduled for
root canal treatment but the parents or private
dentist had declined such treatment. Similar find-
ings were described by Andersson et al. (1) in
replanted teeth with extended extraoral storage. In
three teeth with incomplete apical closure, pulp
extirpation was postponed to allow revasculariza-
tion. All these teeth later showed periapical radio-
lucencies indicating pulp necrosis.

Ebeleseder et al. (4) analyzed pulp survival of
replanted avulsed teeth in different age groups.
They reported pulp survival in 41% of immature
teeth in children (mean age 8 years), in 9% of
mature teeth in adolescents (mean age 12 years),
and in 0% of teeth in adults (mean age 25 years).

Replanted avulsed incisors with completed root
canal treatment had a significandy higher probab-
ility of survival compared to teeth requiring pro-
longed treatment with calcium hydroxide (3). The
same study also reported a decreased survival
prospect of teeth with open apices, which, in part,
may be explained by the duration of Ca(OH)2
treatment required to induce apical barrier forma-
tion. Tliis suggests tliat the chance of pulp survival
in avulsed mature teeth is low, and therefore, these
teeth should be subjected to root canal treatment.

With regard to periodontal healing, three differ-
ent types of post-traumatic external root resorption
have been distinguished in the literature (2, 22):
surface resorption (repair-related root resorption),
inflammatory resorption (infection-related root re-
soq:)tion, also termed pulpal infection root resorp-
tion, or in case of bacterial stimulation originating
from the periodontal sulcus: periodontal infection
root resorption), and replacement resorption (anky-
losis-related root resorption). Surface (or repair-
related) root resoiption has no further clinical
consequences. This healing modality was found in
three teeth in the present study; however, one tooth
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Tat)le 7. Studies evaluating penodontal healing following replantation of avulsed teetii

Present study
(follow-up

1 year) (%)

Majorana et al.
(23) (follow-up
5 years) (%)

Donaldson and
Kinirons (10)

(minimum foilow-up
2 years) (%)

Ebeieseder et al.
(4) (minimum

follow-up 1 year) (%)

Andreasen et al.
(2) (mean foilow-up

5.1 years) (%)

Gonda et ai.
(24) (mean foliow-up
NA, range 3 months

to 8 years) (%)

Periodontai healing 26 (57.7) 37 (50.7) 28 (32.6)
Surface resorption 3(6.7) 9(12.3)*
infection-reiated resorption 3 (6.7) 12 (16.4) 11 (12.8)
Replacement resorption 13(28.9) 15(20.6) 47(54.7)
Subtotal of teeth with 19(42.3) 36(49.3) 58(67,4)

post-traumatic root
resorption

Total 45 (100) 73 (100) 86 (100)

29 (28.2)

10 (9.7)
64 (62,1)
74 (71.8)

103 (100)

96 (24)
18 (4.5)^^
120 (30)^
243 (61)^
304 (76)

400 (100)

11 (40.7)

12 (44.5)
4 (14.8)
16 (59.3)

27 (100)

'Transient superficial infiammatory root resorption.
Some teeth presented with different types of root resorption over time: percentages were caiculated per total number of teeth.

with surface resoq^tion was associated with pulp
necrosis suggesting that an infection-related resorp-
tion might have ensued when root canal treatment
had not been performed immediately.

A relatively high percentage (57.7%) of normal
periodontal healing was found during the l-year
follow-up, either in leeth with a clo.sed apex (55.2%)
or in teetii with an open apex (62.5%). Several
factors might have contributed to this favorable
outcome: nearly half of all replanted teeth (46.7%;
21/45) had a shoit dry .storage period of below
15 min, a relatively high number of avulsed teeth
(84.4%, 38/45) were stored in a physiologic
medium, and in 60% of teeth (27/45) root canal
treatment was begun within 7-10 days following
replantation.

In the present study 42.3% of avulsed teeth
presented with post-traumatic external root resorp-
tion in comparison wilh 49.3-76% reported in other
clinical studie.s (2, 4, 10, 23, 24) (Table 7). However,
the favorable treatment outcome in the present
study might be explained by a shorter foUow-up
period [1 year) compared to longer follow-up peri-
ods in the above-mentioned studies.

Replacement resorpdon was diagnosed as the
prevalent type of post-traumatic external root
resorption. This is in agreement with data from
the literature (2, 4, 10, 23, 24). Only three teeth
(6.7%) presented with an infection-related root
resoiption. This low rate of pulpal infection related
root resoiption might be attributed to the strict
enforcement of root canal treatment.

Periodontal healing following replantation of
avoilsed teeth appears to correlate not only with
the period of extraoral storage, but also with the
type (and temperature) of storage media (25, 26).
Several studies have emphasized that these para-
meters (short time of dr>' period, physiologic storage
medium) are essential for the survival of periodontal
ligament cells and post-replantation periodontal
healing (8, 9, 27, 28). The data ofthe present study

underscore the importance of tlie duration of"
extraoral dry storage upon periodontal heiiling.
Cases with a short period of <15 min of dry storage
showed a high percentage of normal periodontal
healing at the 1 -year follow-up. Only 9.5% of tliese
teeth presented with replacement resorption com-
pared to 38.5% of replacement resorption in teeth
with dry storage of 16-60 min. and compared to
100% of replacement resoiption in teeth with dry
storage exceeding 60 min.

Similar time-related findings were reported by
Donaldson and Kinirons (10). They also found a
critical time limit of 15 min of dry storage. They
described significantly earlier and more frequent
root resoiption in teetii with extended dry times. No
such time correlation was found when avulsed teeth
had been stored wet. The critical time limit of
15 mm dry storage was further substantiated in an
experimental study of replanted teeth and the
progression of associated root resorption (29). In
teeth replanted within 15 min the ankylotic area did
not increase with time after replantation, but a
periodontal membrane was re-established. In con-
trast, teeth replanted after an extraoral period oi" 1 h
presented with increasing ankylotic areas over time.
Most of the periodontal ligament was replaced by
bone tissue.

A great number of a\'ulsed teeth (84.4%) in the
present study were correctly stored in a physiologic
medium. In early 2001, an instruction poster for
laymen about first aid measures following oro-facial
trauma was distributed among all schools and local
authorities in the canton of Berne. Patients, teachers
and olher caregivers apparently have learned from
this inlbrmation how to store an avulsed tooth.
Andreasen et al. (2) found that non-physiologic
storage (homemade saline, chloramines, alcohol)
always led to rool resorption, and storage in tap
water for more than 20 min usually led to root
resorption. In the present study, three teeth axoilsed
in indoor swimming pools and, altliough immedi-
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ately stored wet, developed replacement resoq^tion
probably due to the deleterious effect of chlorinated
pool water.

The frequency of replacement resorption follow-
ing replantation of avulsed permanent teeth has also
Ijeen associated with extended splinting times (30).
Significantly more teeth with splinting periods of
> 10 days presented with replacement resorption
compared lo teeth with splinting periods of maxi-
mum 10 days. In the present study, splinting was
limited to 10 days, which may have contributed to
the favorable outcome of periodontal healing.

As all patients had been treated with topical and
systemic tetracycline, the inherent effect of tetracyc-
line cannot be determined with the present study.
However, tetracycline may have been an important
contributing factor to the favorable treatment
outcome. Several experimental studies have dem-
onstrated the beneficial eflect of tetracycline with
respect to periodontal healing following replantation
(12-14). Besides soaking the avulsed tooth in
tetracycline or administering systemic tetracyclines,
this medicament can further be brought into the
root canal, for instance with Ledermix paste.
Ledermix also contains a corticosteroid that is a
strong anti-inflammatory agent. In dogs (31) roots
treated with immediate intracanal placement of
Ledermix paste had statistically significantly more
healing and less resorption than roots treated with
Ca(OH)2. The authors concluded that a possible
synergistic effect of tetracyciine and steroid compo-
nents might have pro\idcd the favorable outcome.
Similar positive fmcUngs of using Ledermix in
replanted teeth were reported in other experimental
animal studies (32, 33). In the future, the focus will
be to control and shut down the initial post-
traumatic inflammatory reaction that may cause
and stimulate processes resulting in external root
resoqstion {34, 35).

The use of EMD for treatment of avulsed teeth
has also been analyzed in a limited number of
studies. At this time it is impossible to be conclusive
about this potentially regenerative material with
regard to periodontal healing following replantation
of avulsed teeth. In an experimental study of
monkeys (36) EMD did not significandy reduce
replacement resorpdon in teeth that had undergone
delayed replantation. Similar findings were reported
in dogs (37) in which EMD failed to positively
interfere with the healing process after replantation
of extracted mandibular premolars. In contrast,
Iqbal and Bamaas (19) reported a lower incidence of
replacement resorption in replanted dog teeth
following application of EMD gel compared to
teeth without EMD treatment. No clinical data have
been published yet about the effect of EMD
following replantation of avulsed permanent teeth.

Filippi et al. (20) published the results of using EMD
for treatment of replacement resoq^tion. Treatment
included extraction of a preNaously avulsed and
replanted tooth, and appiication of EMD gel prior
to intentional replantation. Eleven (73%) of 15
treated teeth showed no signs of recurrence of
ankylosis after a mean follow-up period of
15 months.

In the present study, EMD was applied in only 10
of 45 teeth. All EMD-treated teeth actually had a
prolonged or non-physiologic extraoral storage
before replantation. This imfavorable pre-condition
was the reason for utilizing EMD. These circum-
stances might explain why no beneficial eflect was
found in teeth with EMD treatment in the present
study.

Conclusions

1. In the present study, tooth survival at 1 year
following replantation of avulsed pennanent
teeth was 95.6%.

2. Replacement resorption was found in 28.9%.
3. The occurrence of replacement resorption posi-

tively correlated with the length of dry storage.
4. Strict enforcement of endodontic treatment kept

the risk of infection-related root resorption low
(6.7%).

5. Within the limits of the present study, no
beneficial effect of using EMD was observed to
avoid replacement resorption.
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