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Abstract

A CLINICAL STUDY ON REPLANTATION OF AVULSED PERMANENT TEETH

Eui-Wung Lee
Department of Oral and Maxillofacial Surgery, College of Dentistry, Yonsei University

A material of 48 patients with 60 avulsed and replanted permanent teeth were followed retrospectively in the period of 1996. 1 to
1998. 12 (mean observation period=lyear 7months). The age of the patients at the time of replantation ranged from 9 to 63 years
(mean=24 years). Clinical records of patients were reviewed to obtain valid data concerning the extent of injury and treatment provid-
ed. Pulpal and periodontal healing states were examined with periapical x-rays and clinical examination procedures (i.e. percussion
test and mobility test) at their recall visit. Root ankylosis was found in fifty-two teeth(87%) and root resorption in twenty-four(40%).
Only two of the replanted teeth(3%) showed partial regeneration of the periodontal ligament. Six teeth(10%) resulted in tooth loss, but
the remaining fifty-four were clinically well functioning. Most of teeth have mild marginal bone loss accompanied by gingival retraction
without pathological periodontal pockets. The incidence of root resorption was much higher in younger age group. However, it was
not affected by the interval between avulsion and replantation, the condition of supporting tissues, the degree of root formation and
the type of splinting, indicating that multiple factors involved in determining the prognosis of replanted teeth. Based on these findings,
avulsed teeth in unfavorable conditions (i.e. long extra-alveolar periods, etc.) should be preserved if possible.
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Fig. 1 Age distribution of patients with the tooth avulsion
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Fig. 2 Observation period until clinical diagnoses were made



Table .1. Location of avulsed teeth and their combined injuries

BEA O] WAEFE ETj0l B3 YU oin

Table 2. Storage media and storage time of the avulsed teeth

No. of Teeth Percentage Storage Media No. of cases Percentage(%)
Location FA 17 35
Maxilla A4 9 19
central incisor 36 60% SSE1 2= 6 12.5
lateral incisor 12 20% x|z} 6 12.5
canine 1 2% &7 4 8
Mandible T 3 6
central incisor 5 8% 7y 2 5
lateral incisor 3 5% 71et 1 2
canine 2 3% Storage Time No. of cases Percentage(%)
premolar 1 2% 43 ] 2
Combined Injury 20% w7k 3 6
Crown fracutre 10 17% 205 o] 44 92
Alveolar bone fracture 12 20%

Table 3. Effect of contamination and cleansing on the results
of the replanted teeth

Table 4. Results of 60 human teeth replanted after accidental
loss

No. of Teeth (%) Root Resorption

Contamination
yes 24 40% 43%
no 36 60% 37%
Cleansing
yes 20 33% 48%
no 40 67% 32%

Table 5. Effect of age on the results of the replanted teeth

Age Group
16M| O[5t 17M| O|&=
(n=20) (n=40)
PEKE 7/20 (35%) 19/40 (47.5%)
AT /AL A2 FF 10/20 (50%) 14/40 (35%)
AT 72 2 A 2vd 1/20 (5%) 1/40 (2.5%)
A ATl A4 1/20 (5%) 1/40 (2.5%)
Ao} et 1/20 (5%) 5/40 (15%)
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Table 6. Effect of extra-alveolar period on the results of the replanted teeth

Extra-alveolar Period

202 0Ot 20=-60% 602-1202 1202 0|A}
(n=1) (n=11) (n=19) (n=29)
22 2 5 (46%) 10 (53%) 11 (38%)
e R = Fi R 4 (36%) 8 (42%) 12 (41%)
A2 73 9 22w 1 (100%) 1 (9%)
RE 1 (5%) 1 (4%)
Ao} g} 1(9%) 5 (17%)

Table 7. Effect of drying on the results of the replanted teeth

Storage Condition

Table 8. Type of splint and period of splinting of the replant-
ed teeth

Wet storage Dry storage

(n=17) (n=43)
A H2 7/17 (41%) 19/43 (44%)
A2 72 9 RS FF 7/17 (41%) 17/43 (40%)
A2 737 9 2299 1/17 (6%) 1/43 (2%)

0/17 (0%)
e 2/17 (12%)

2/43 (5%)
4/43 (9%)

Table 9. Results of mobility test, percussion and periodontal
probing depth

Mobility Test Number of Teeth
Mob(-) 35 (65%)
Mob(+) 19 (35%)

Mob(++) Mob(+++) 0
Percussion Number of Teeth
(=) 49 (91%)

(-) but, abnormal sense 3 (5.5%)
(+) 2 (3.5%)
Probing Depth Number of Teeth

<3mm 4mm~>5mm 5mm

Mesial-Proximal 4 49 1
Mid-Buccal 18 36 0
Distal-Proximal 7 44 3
th 174 o] dell A& A Lf2ehE Kol 73971 198 (47.5%) =
113191 ch(Table 5).
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Type of Splint Number of Patients

Resin with wire splint 23
Essig wiring 6
Arch bars 18
Resin with wire splint
and Essig wiring 1
Period of splinting Number of Patients
~20 days 16
20~40 days 26
40 ~ days 6
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2o} A A% ALL-= splint 7+ resin with wire splint 237
arch bars 18, Essig wiring 69, resin with wire splinte} Essig
wiringe] §HA) 248 79 1% o] i ch(Table 8). splint -4 7] 7+-&
EAnket 2fol7} gle} 209 k16, 2090014 403 Apo) 267,
209 o) #4974 69 0 2 ZAF Ak,

A 2okl FQE FHAR A 357 A oHBEN)AN = FAEE
HolA] ekt A 197 A|o}3%)= 4l T 2= Wt
] 21 TH(Table 9). B} 10| 4] 497) 2] o}(@1%)= ©4-S LheR)
AL, 27 Aok Am @ epal wS-S, iR 37 Aok BN
5 o MARH 24 SasdTh A A
A7 5mme g BA 9 AF ¢S 7] Aol AT
BFskS W, Ol o] 3mm~5mme] 2|5 Hol & Holth

l

U T

g Aok 2olukE HEE AR 7F A YL o $7} & Fto]
ThEFE A A WS M2 B2 AR g gl B o] gt o]
= 5 o R tols o fE WY tiREo] A A&
ASRAE S, ¢ &9 WAE A8 AFAH AAF D A
dotAY e 22 AE HNE 65 o) AoF 1AL sk
o FAEE AA P 2 of AT

M) TAl= Aok A f A, A2 F2, AL FFEA
o] AP AL 2 Al 2= A4 Aoprh A E T
= ook, T1e, A S8 A4 Aoprhd0d el e



A W JAET AP B 4 AdFe) 7%
A7 QA HE 1S SASAE etk e dH o
= A A2 Aske AFAN Aol 7 FRI VELE, Al
FRA A E2 4%l M 50%2 2 heksteh TLeu, A4 Ay
Al obe] T5%~85%= XY A FE Hlrke, Aol A
= AFAN A E 33%, AL T 40%, A2 Ao 2 15 A
o ©ret 10%E A4} X oke] e 7F FA] Fall AFAH AP E>
Ao AT S AL R A AL E ZAE A

L =1 I
AL 54 890 thal] Andersson’ Y 5o] A oA o]zt
ZR238 Qxety B 3113, Andersson 59 1748 71 A7

WX s o] A3 A& o] A E x| otE A2 gk 164 o] 3h9}
174 0]7¢2] Hlao A, 164 o]stell A Kok B2 X 5571 4
ofut vo|7t F8 e 220U A 439t} Ebeleseder 592 39
N Mg G AAF F 259 24 AF A L 77
A

o
AL JFobA| o] B2 HHE, Yo7t &
2 A5 249 A2% 7 7
el o= Arstirh
B TN 164] o] dhol A 50%(10/20), 174 o] Aol A
(14409 A2 FHE RO F5 Amol glolHE
Lol oF FA §lo] 458 ol A 2mmu] o] 4= 2] 4= 25 YERJ Sith
dWbH o R A F #d 29 sheul, 79 Al7Hextra
oral time) 3-& X%z ¢}9] A]7Hextra-alveolar time)o] X]o} ] ol
ek o o] AR A AL R gl Tk, Andreasen & Hjo-
rting-Hansen®-2 30&] A 4@ 2 otol = 10% J =7}, 24 7+
T A Aopl A e 95%7F AT F4E AT Hskle
H, 55 ML FAe A3E BAohy SEs AT
3], Andersson & Boldin®2- 1521 7] 4] 8 %o} 217) & A7) 3=
HF(EH # 59) s A, 67] Aot ARk Am| g XL F7F A
A BTN Aokz A2 F A7) Ity By sgith
Andreasen®] |z 9}9] A 7F £/ hE & A7) A2 &
+ 20%£0]/ 60 MR 42 (36%), 60 o] 120% wigk2 87
(42%), 1205 o] Foll A= 128 (41%) ] A= vreb 9l h(Table
6). &, A2k AZke] A S g5l AAGle] AL S50l 2 A
o] HolA &, ol& AZeke] AJZke] oy thE o
2 29150] A2 F4 o) i3I 97 uf o] op7} AL
SHTh

% gobal el By A
‘q

Aol A e mE

off 4

al

2

Heimdahl 59 53] %2:9h9] Alzke] 6217k0]4] 4702
ANTEA A7 AR AokSol A2 FoolE 7T A4
Aot 7d FOE /)5S ¥ 4 Ay Rusdth & A
FAAE 2007 o} A3 1989) SRR AT §F B

BBk WAZE ETj0) B YA of

u

mmrlghe] A FE F

Hol7|& @oy Az 71=8 gobs)

ol A SmmE d= WA A5

pzae)
THESS

7
o
off #4587t GO 7oA W B 23 TS Al s

9] A|7ko] 72417k o] 7 $- 2.4% sodium fluoride £ ol T
T Z# FAEA A A sk WS A A8kt Duggal 59
7109+ Andreasen'y ] 0 = A 42} 57 Aol A} A 2ol
FaE oy s et A Antal skelTh 124, Selvig?-2 0.1%
stannous fluoride 9} 1% tetracycline©. 2 2] sk & A 4] 3k A3} B
O A A2 45 BAgT BIsth & Afd s Az
ope] Aj7ke] Artel] AAGle] Ao e BEFS AEaA &
AL A 48tz o] = stannous fiuoride -2} o] 73-9- sh8}4 0 2 <k

A7) Zate] 4] nhEofof ARg-sf ofst o Hlg wiT ol ATh
Andreasen®-> g0 Ag ol A F7Fe] A 7ke] Aot Ax A
Bfell o™ AL 23 A A2 S dold 7HsA
o] F& WM, H|E F A7 A Aste BE A A gl
A F57F AA vebg 278 AZHE T B

& jAl7 8 T2ttt kgl Blomiof 59k o] Al
sh= A

A Az 4EE Sleke Aol /1 FLst, AFelt) A fobA
EE AEE G 44 BU9 AT WP glol 6087 A £
AES 5 Aok Atk F, Bkl TAZ BTE Ao E A
A A A 0o A AN Ao} 0l5H AF
A58, A2 A 0 Fol= AT AL wAH 24
o) Aol ANF FEHA A2 FHE 0|0y S uIsdT
B AT AR A2 234 7] §4 2 Aol Aol 7t g,
o A\Felt) AL A e 2950 Helql] o)

A4 A3l F23 GFE vAE A7 el oy,
Lindskog 52 #5105} We} 4 & 3

= hl [¢]
9l 313 ) ol A (anti-invasive factor) & &S sl 742 8t colla-
genase inhibitorE 712 7 9& Aol skt FAE A4 o]

AAE A5 AgES AT AFAU ] q3t o]e] A

AEEE GATY AZAEEE o5 AT A A2 s 37t
AAYE WETh A2 F7F =A IgES #HFaAL,
Fountain & Camp®+= 773 2] Al7bell “d3gle] Al 21 - 2] ]
AAY T2 A7 AP ¢ AL F489 21, Schulman
£92 g1%=0] AY oA 2)4] A fluoride® 2] &) & 749 X2
TF7E 9AP S BT E3, Selvig 52% 7] Ao A 45

77



CH722JA]: Vol 26, No. 1, 2000

Ho rl4 X
oy =
4 =
N
N

ol
Sha
FN

N
o

Jo}ol tetracyclines} stannous fluorideE =12 st 73
8-S B39, Trope®e 60% oA A%
} citric acidZ 2] 2] 3} 2 o] o] A] 2% stannous fluoride
oxycycline/20mg 2 6= &-ofof] 57+ 7H7} &
A4 T2, Yang 593 Zervas S92 ) 4]
22 Qe A2 AANL IO R ol nF
1A citric acid conditioningg- 3l= 7o) X84 S4E ZFo|H A
2 22 7}2] fibrous adhesionS: £ =314 H okl Wit U
WHAMAE HAE AL FolA BF Al A
um fluoride &) 2087 94 & AS FH32

& AFd A A2l oE =29

o N Ay

o

B
RUS]

@ 2 oo it o Ho
o

L 12
ox M =

>
@ s ¢

o xR
~
ES
w
o
=8
;

fass
N
bt
of

3}

£

S orir
Lo

.

w
>,
=
ol
rlo
i:‘

T,

ik

2

S

)

>

_OL

2

L

rJ
the
-
il r_& ]1‘,10{!

o_‘>:, _I?L“L
ul

sl

=2

K

=2

I

Shd

N

off =
tlo My m
%o o
XN o

g

. K o
oy I
o

ojspztol, A 7HA = A Ft A2
AokE oA AT A7t A

)
-

O

2hA,

g—Tlrulo
r & &

i
1
-
>

-

N
o

[y
Lo
to,
>
)
2
oM,
o
r
1110{!
> rr
)
>

o
50 iy &2 30
£y

o N

4§

N
-
b

protocol
Ll

ot

=2

e

i e

it o

o ox

>
Y
P
2

=

rot it ko
o
N

i
2%
b4
lzl
un B
e
tlo v

-~ 0
ﬂz_ll)l;lgé
A o0k

X
o 3o
Ml o2 to © of i

N
-

re

oL o Al AR R O
N

2 o

=2
|
vd
-z
Sl
=
rok
o
i

(r ko -y
o,
il
1o

o of
o

re

>
=
>
N
X
%0
32
o

o Mo o
N
[3ul =)
p
kY)
i

rir

ox

&

ox,

o
R
s of
of

o,

fr
o,
Lo g
FN
N
2
olff
112
oy
M
ol
=
FN

iflt
>
¥0,
~
olf

[«
N
3o ofy —
(r o &
s oX, Md
o o
og
=
T
= X

- <
¥, O,

N
i
=2
=
N
>
_C:L
W
=
rot I
i
-«

ne

[e3
S
T
X2
)

mu rir r2 o oo
.
=
>
rr
o
=
offt
it
>,
jaii)
ol
o
of
:Oé

r

Gonda 5 207K 9] A of A4} Al A, YA o] £
of T Y A5-vete HIEA] RokE Ae)7] f19k B
& 7leoloF AL stk & A7 A= A 6074
% 527] Aok, 86.7%N A A f-2to] YElst o A2t
A2 E AT Aots AFHLR A% 52 71534 A
A4S eI 7] Wl 97-A] Aot S e ¥
et A s 7)ok Brke 4R AN A 2A

el ot

Y

L o A

o

]

Eﬂl
e

|

AN 3k Aol Hhasteh o)t THYAT 104 o9l 7]
37 Bo] 7158 39 3 g2

@04, g7 Aope] AT

Aaks o v 448 & Jod Arath
QO A BHE Fol7] A% WS VHZ Lok & 5
T

i k(1o
02
5
ﬁl
:11,
T
~
>
il
t©
o
=
fu
Y
A

&, Aok o137 A7
2 5 Qe A e AT % 9%
stelet 2R ol 7lel 7)1 Ee) 2elA 9l san

;:—l_

4
HE
o
<
-

nous fluoridey} tetracycline 5-2] A& W ol o
A T Fd A EY A X A 248 1
o} #2924 Z(osteoclast) 2 ¢ 3} 2 HZ A

Py
2 5 9k BAS BF A7 H3 o
A

N
L
ox

ol
-

k1 o

U Hore R
¥
=4y 2 2o

Y
to
)
i
NN}
IS
= 2 ok
3o M k=l
[o ot i o

N
e

ko

9#

ACH

k)

>

it

(i,
2o

10064 1916} 1998 1291744 QA eh 8k A b 8y 1ol
A Aot A4S AADIY 48, Ao} 60E DNROR B 1
d 7Y R HRE BH UYL A A A e g
AL AL Aok
L 97 2o} 608l o] A1) A A -2 528 670), A1 F
2420 (40%), 1710} A4 22)(33) 1217 e 69 (10%)2
ENEELS

2 AT F5 164 olstell A 22 AZ F5&2 UL
L, Bk s A, A 2eke) A7, splint 79k 2 7]
R AT FHe AL Fad AHA0 %S HEhA
Gt A S5 ke ¥Ho 74 A2 1A LS
F-o] ool A AZLH ] EqFHE P 2 2mmolf 2
AZH 8 B3tk

Ao TRk AAMY ArE FREE He de 8 B
A wkgol A 270 AokE A UHAE 540 R FAHY
Atk g B WdE Ade] FEEOU, o A
B Sl 93 Aoz smmS de B A A2 /i

ool A B F & A|oke] z7lo] EEdttet: A Y S T

7l A% BF A% 7AW NeS & FASL AN ER, THs
e ET Aoke A e Adste] BEd0] A5 FH

ikl
]
Ao
ror

1. Deeb E, Prietto P, McKenna R: Reimplantation of luxated teeth in
humans. J South Calif Dent Assoc 33:194-206, 1965.

2. Grossman L: Intentional replantation of teeth. J Am Dent Assoc
72:1111-8, 1966.

3. Barbakow FH, Cleaton-Jones PE: Experimental replantation of root-
canal-filled and untreated teeth in the vervet monkey. J Endod 3:89-
93, 1977.

4. Andreasen JO: Relationship between cell damage in the periodontal
ligament after replantation and subsequent development of root
resorption:a time related study in monkeys, Acta Odontol Scand
39:15, 1981.

5. Andersson L: Dentoalveolar ankylosis and associated root resorption
in replanted teeth. Experimental and clinical studies in monkeys
and man, Swed Dent J 56(Suppl):1, 1988.

6. Trope M, Friedman S: Periodontal healing of replanted dog teeth
stored in Viaspan, milk, and Hank' s balanced solution. Endod Dent
Traumatol 8:183-8, 1992.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zhang X, Zhang Z, Geng W: Experimental study on the healing of
immediate replanted tooth after using exogenous fibronectin. Chung
Hua | Hsueh Tsa Chih 31:16-8, 1996.

Mink JR, Van Schaik M: Intentional avulsion and replantation of dog
teeth with varied root surface treatment. J Dent Res 43:48, 1968.
Schulman LB, Kalis P, Goldhaber P:Fluoride inhibition of tooth-
replant root resorption in cebus monkeys. J Oral Ther Pharmacol
4:331, 1968.

Bjorvatn K, Selvig KA, Klinge B: Effect of tetracycline and SnF on
root resorption in replanted incisors in dogs. Scand J Dent Res
97:477-82, 1989.

Klinge B, Nilveus R, Selvig KA: Effect of citric acid on repair after
delayed tooth replantation in dogs. Acta Odontol Scand 42:351-9,
1984.

Zervas P, Lambrianidis T, Karabouta-Vulgaropoulou I: The effect of
citric acid treatment on periodontal healing after replantation of per-
manent teeth, Int Endod J 24:317-25, 1991.

Sae-Lim V, Metzger Z, Trope M: Local dexamethasone improves
periodontal healing of replanted dogs’ teeth. Endod Dent
Traumatol 14:232-6, 1998.

Andreasen JO, Andreasen FM: Textbook and color atlas of traumatic
injuries to the teeth, ed 3. St Louis, Mosby-Year Book, 1994.

Trope M: Clinical management of the avulsed tooth. Dent Clin
North Am 39:93-112, 1995.

Natkin E: Diagnosis and treatment of traumatic injuries. In Ingle JI:
Endodontics, ed 2, Philadelphia, Lea & Fabiger, 1975, p.596-602.

Le H, Waehaug J: Experimental replantation of teeth in dogs and
monkeys. Arch Oral Biol 3:176-84, 1961.

Barkland LK: Chapter 26. Management of traumatized teeth, In:
Walton RE & Tarabinejad M, eds. Principles and practice of
endodontics, W.B.Saunders, Philadelphia, p.427-430, 1989.
Andreasen JO and Hjorting-Hansen E: Replantation of teeth. I.
Radiographic and clinical study of 110 human teeth replanted after
accidental loss, Acta Odontol Scand 24:263, 1966.

Barry GN: Replanted teeth still functioning agter 42 years:report of a
case, J Am Dent Assoc 92:412, 1976.

Ravn JJ, Helbo M: Replantation af akcidentielt eksartijulerede taen-
der, Tandlaegebladet 70:805-15, 1966.

Cvek M, Granath LE, Hollender L: Treatment of non-vital permanent
incisors with calcium hdroxide. [[. Variation of occurrence of anky-
losis of reimplanted teeth with duration of extra-alveolar period and
storage environment. Odontol Rev 24:43-56, 1974.

Andreasen JO, Borum MK, Jaconsen HL, Andreasen FM:
Replantation of 400 avulsed permanent incisors. 2. Factors related to

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

BEA O] WAEFE ETj0l B3 YU oin

pulpal healing, Endod Dent Traumatol 11:59-68, 1995.

Lenstrup K and Skieller V: A follow-up study of teeth replanted after
accidental loss, Acta Odontol Scand 17:503, 1959.

Andersson L, Boldin I, Sorensen S: Progression of root resorption
following replantation of human teeth after extended extraoral stor-
age, Endod Dent Traumatol 5:38-47, 1989.

Ebeleseder KA, Friehs S, Ruda C, Hulla H, Glockner K, Perti C:
Replantation of avulsed immature permanent teeth. Results in 39
cases after an average 2.5 years, Mund Kiefer Gesichtschir 1:340-5,
1997.

Ebeleseder KA, Friehs S, Ruda C, Hulla H, Glockner K, Perti C: A
study of replanted permanent teeth in different age groups, Endod
Dent Traumatol 14:274-8, 1998

Andreasen JO: Effect of extra-alveolar period and storage media
upon periodontal and pulpal healing after replantation of mature
permanent incisors in monkeys, Int J Oral Surg 10:43, 1981.
Andersson L, Boldin I: Avulsed human teeth replanted within 15
minutes-a long-term clinical follow-up study. Endod Dent Traumatol
6:37-42, 1990.

Heimdahl A, von Konow L, and Lundquist G: Replantation of
avulsed teeth after long extraalveolar periods, Int J Oral Surg 12:413,
1983.

Duggal MS, Toumba KJ, Russel JL, Paterson SA: Replantation of
avulsed permanent teeth with avital periodontal ligaments:case
report, Endod Dent Traumatol 10:282-5, 1994.

Selvig KA, Bjorvatn K, Bogle GC, Wikesjo UME: Effect of stannous
fluoride and tetracycline on periodontal repair after delayed tooth
replantation in dogs. Scand J Dent Res 100:200-3, 1992.

Blomlof et al. : Periodontal healing of replanted monkey teeth pre-
vented from drying, Acta Odontol Scand 41:117, 1983.

Lindskog S and Hammarstrm L: Evidence in favor of an anti-inva-
sion factor in cementum or periodontal membrane of human teeth,
Scand J Dent 88:161, 1980.

Foutain SB, Camp JH: Traumtic injuries. In Cohen S & Burns
RC(eds): Pathways of the pulp, ed 6, St Louise, Mosby-Year Book,
1994, p.462.

Yang ZP, Chan CC, Yang SF, Lee G, Yang SF: The interrelationship
between the root surface and alveolar bone of the replanted
avulsed tooth after etching, Chung Hua | Hsueh Tsa Chih 44:298-
303, 1989.

Gonda F, Nagase M, Chen R, Yakata H, Nakajima T: Replantation:an
analysis of 29 teeth. Oral Surg Oral Med Oral Pathol 70:650-5, 1990
Filvaroff E, Derynck R: Bone remodelling: a signalling system for
osteoclast regulation. Curr Biol 24:R679-82, 1998.

79





