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The possibilities of replanting extracted or luxnted teeth or of 
filling a gap in a dental arch with the aid of a transplanting tech- 
nique have been known since classical times. The replanting 
technique has also been used in other connections e.g. in the 
treatment of periapical diseases in which the tooth has been 
replanted after extraction. In an extensive literature ni:iny prob- 
leins in this field have been discussed froiii different aspects. 
This literature is doininated by clinical and roentgenological 
studies of treated cases (Schiin 1954).  Many experiinentnl and 
histological investigations on animals have been performed, hut 
very few histological investigations have been iiiade on huninn 
teeth after transplnntntion or replantation (Heiss 1944, Pindhorg 
& Hnnsen 1951, Miller 1956).  Therefore, most of our knowledge 
in this field is based upon histological inforiiintion obtained froni 
animal experiinents. 

In  most of the previous investigations the main interest hiis 
been focused on the attachiiient of the replanted teeth and 
the development of periodontal tissue in the :ilveolur bone 
after :in extended period of tiine. Thus Axhnizsen, 1937, and 
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H e i s s ,  1944, have proposed that the pulp of :I totally luxated tooth 
is  completely devitalized :ind has to he replaced by :I root filling. 
Concerning the healing o f  the repl:lnted teeth, Adiausen 1937, 
and H n n i i i i ~ r  1937 & 1938, :iiiiong others, on the  bnsis of histo- 
1 og ic :I 1 findings :if t e r ti n i 111 :i 1 e xpe r i iiie n t s, stress the i 111 port :inc e 
of a vital periotlontnl iiienihrane covering the ceiiientu~ii of the 
root. The vitnl inembrnne is iiiiport:int for :I good prognosis and 
niakes direct fastening of  the replanted tooth possible without 
any influence froiii the iiiineralizetl tissues in the root. The sur- 
face of the cementum, which h:ts no vital iiicni1ir:ine will lie 
attacked by granulation tissue :ind :I resorption of the cenieiititiii 
and the dentin will occur to a greater or lesser degree. The result- 
ing lacunae w i l l  be filled hy osseotts tissue and the tooth will 
develop :I st:ible hut unp1iysiologic:il att:ichnient to the alveolar 
hone. Sooner or later new resorptions will begin. They will he 
followed by new osseous foriiiation until the entire root is  re- 
placed by cancellous bone tissue. The role of the vit:il iiienibrme 
as the only existing atid deteriiiining factor for the prognosis of 
the rep1ant:ilion is not xcepted  by :ill authors. Heiss, 1944, 
stressed the import:ince of the age o f  the patient. His opinion is 
based on clinical experiments in which the resorption and the 
rebuilding processes in and :iround the root of the replanted 
tooth show a more rapid activity in young patients than in old. 
This rapid activity 1e:ids to :I worse prognosis for the replanted 
teeth in young individuals - - :in opinion, however, which is not 
generally accepted. 

Clinical experience has  not substantiated the hypothesis that  
there is  a lack of  rep:irative possibilities in the pulp after replan- 
tation. Many years after replantation :I tooth may contain vital 
pulp tissue (Zi'repiZ 19.19). X-ray ex:iiiiin:itioiis of rephnted teeth 
have shown how the pulp c:ivity 11i:iy be filled by tiiinerulizetl 
tissue (P6Zsson 1944). Changes :it the dentinal-pulp junction. 
studied in :inimnl experinients, :ire dominated histologically by 
the development of  osseous tissue. When similar tissues appe:rr 
in the pulp in cases o f  scurvy, they :ire called osteodentin, osteoid 
or pulp hone (U'estin 1931 ) .  The :ippe:irence of this bone-like 
tissue in teeth h:iving been exposed to tr:rumat:i is supposeed to  
be the result of disturbances in the nutrition because hlood 
vessels are torn. Whether  this ininer:ilized tissue is :I product of 
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dedifferentiated odontohlasts or other cells in  the pulp is not 
quite clear (SnntonP 1937, Fleniming 1953, Agneiu et al. 1956, 
Pnfford 1956). 

In spite of the inforni:ition obtained from aniiiial experinients 
no systematic investigations have been performed regarding the 
histologic appearance in replanted human teeth. Therefore, the 
prognosis of replantation of liuiiian teeth is uncertain. According 
to our clinical experience one of the most important factors is 
the age of the patient. Replantation is, however, frequently most 
valuable as  a temporary or permanent solution to probleins iiiet 
with in children involved in accidents. In clinical practice slight 
traumata will very often result in serious damage similar to that 
which is seen in replantation cases, although no total luxation 
of the tooth occurred. Similar problenis regarding healing and 
prognosis of pathological processes in  teeth are met with in 
surgical orthodontics. The direction of the migration of :I tooth, 
which is not finally formed, or which is in a wrong position iiiny 
be altered operatively. Surgical orthodontics and trnuniatic in- 
juries of teeth have their highest occurrence in the young patient 
up to the age a t  which permanent bridges ni:iy be eiiiployed. A 
wide apical foraiiien is 1)robably the prerequisite condition for 
the pulp to retain its vitality after the circulatory breakdown due 
to the trauma (Apfe l  1954, Hollnnd 1956, Thoma 1956, Miller 
1956).  For the above reasons the present investigation was niade 
on patients aged 11-15 years. 

X-ray iiiicroscopy was considered to be the best tool by which 
we could analyse changes in the mineralized tissues of the teeth 
without any decalcification. This method enables us  to  correlate 
semiquantitative changes in ~iiineralization to the iiiorphology 
of the tissue. Changes in the organic s t romi  of the pulp, e s ~ m k ~ l l y  
the nerve regeneration, were studied separately by i ihmnn and 
will be described later. 

MATERIAL AND MI<THOI)S 

40 teeth, clinically intact, with one or several roots from patients 
of both sexes aged 11-15 years were investigated. The teeth were 
to be extracted for orthodontic reasons. Under locnl :inesthesia the 
tooth in question was removed and then immediately replanted. 
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No fixation was applied, hut grinding w:is nxide in cases of strong 
pressure in occlusion or  articulation positions. The t h e  of obser- 
vation :ind control after replantation to final extraction (which 
w:is perforined under 1oc:rl anest1iesi:i) varied between three 
weeks and seven months. In some c:ises replantation was niade 
of one of two contral:iter:il teeth. When the replunted tooth was 
fin:illy extracted, the conlrnlnterol tooth was removed as well 
and used as :I control. 

The extracted teeth were iininetliutely plnced in buffered 10 % 
neutr:il foriiiulin. They were cut longitudinnlly according to the 
iiiethod described by Engstrbm & Olzmrrn, 1960. 

After the pulp had been reinoyed, the two 11:ilves of the tooth 
were put into alcohol. Approxiimtely 48 hours later the speciinens 
were eiiibedded in methyl tueth;icrylate. Absolute plaIle pmillel 
ground sections about 75p  thick were then prepared according 
to the iiiethod described by HtrllPn & Kiickert, 1960. Any section 
with a length of about 2 ciii thus exhibited :I variation in thicli- 
ness, which noriiially takes the shape of :I wedge, of less than 
0 . 5 ~ ;  a condition which is iniport:int for the interpretation of the 
iiiicroradiograiiis. This type of preparation eliniinated the possi- 
bility that the density variations were due to varying thicknesses 
of the speciiiien and not to irregular niineralization. 

The sections obtained were placed in close contact with a film 
emulsion with very sin:ill grains (Kotlali  Spectroscopic Plate No. 
649). They were exposed to  soft x-rays within the wavelength 
ranage 0.6 - 4 A, generated froiii :I Machilett tube (OEG-50) with 
a tungsten anode, 1 niiii berylliuin filter and a focal spot size 
of 1.5 111111. 

The total absorption of the orgrinic inaterial within the wave- 
length range used was negligable because of the iiiinute absolule 
amount of iiiaterial present and the sniall absorption of the 
atoinic coniponents of the i1interi:il. ‘Hie ahsorption of cdc i z im,  
however, was high at  these wavelengths prini:irily because the 
I(-absorption juinp occurs :it 3.07 A and because of the relatively 
large amount of c:ilciuin coinpared to organic material. I n  the 
in icr or adiogr a in s shown in this 1) a per dark a re as  re pr e sent parts 
rich in organic material, and white areas p r t s  rich in calcium. 



ImSKLTS 

Most of the changes observed appeared one iiionth after re- 
plantation. I n  the cementum sinnller defects in the inineruliza- 
tion were visible (Figs. 1 and 2 ) .  Most often such defects openly 
con1 mu nica t ed with the period on t a1 iii eiii br ane . Very se ldoiii 

Fig. 1 .  Irregular demine- 
ralizcd cdgc of the ce- 
mentum. White areas re- 
present the mineralized 
parts. C=cemciitum. 
(Microradiogram. Orig. 
mag. x 40).  

seeiiied the entire celnentum to be intact (in this inaterial in 3 
cases in one of which the tooth had been extracted three iiiontlis 
after replantation). Now and then demineralized areas without 
"contact" either with the periodontal iiieinbrane or the pulp were 
seen (Fig. 3 ) .  This phenomenon appeared most frequently a t  the 
bifurcation between branched roots where the ceiiientuiii was 
coinparatively thick. The entire ceinentum could disappear within 
a inonth after replantation but usunlly disappeared after 3-6 
months. Then the dentinal tubules continued directly into the 
periodontal iiieiiibrane and the calcium content gradually was 
decreasing towards the periphery of the root within a limited zone 
of about 75p (Fig. 4) .  

I n  very few cases, the dentin seeiiied to be quite intact. The 
frequency of the occurrence and the size of areas of interglobular 
dcntin were increased. In soiiie cases n 20-30p wide zone a t  
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Fig. 2. Multicystic demineralized area in the ccmeiitum (C)  in eontaet with 
the periodontal membrane. (hl ierorndio~ram. 0rig.mag. x 100) .  

about :I distance of I O U  from the dentino-enamel junction and 
running par;illel to the latter turned into interglobular dentin 
(Fig. 5 ) .  In about 90 5% of  the cases studied a globuhr  arrange- 
ment of the calcium was seen at  the pulpo-dentinal junction. In  
the iiiicroradiogr:inis of the sections one can easily see how the 
dent in a1 111 bu I e s a re passing uninterrupted through t h e globules 
(Figs. 6, 7 ,  and 8 ) .  The size o f  the globules is very variable, 
:ipproxiniately 5-5Op. The amount of globules shows no cor- 
relation to the width of the pulp cavity or to the observed time 
after rep1:int:ition. In two cases a globular :irrangement of the 
entire dentin was observed (Fig. 9)  and in those cases the amount 
o f  calciuni varies greatly in different parts of the dentin. Usually 
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Fig. 3. The mineralization of the cementum (C)  at the bifurcation 
of a branched root. I)=dentin. (Microradiogram. Orig.mag. X 100).  

171 
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Fig. 1. Total disapperaiice of the cementum and a diffuse dcmineralization 
of the dcntin towards the periodont:il inembrnne t o  the right. 

(hlicroratliogram. Orig.inag. X 300) .  
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Fig. 5. hlicroradiogram sho\ving iiitcrglobular dentin.  (0rig.m:ig. X 400) .  
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Fig. 7 .  I~ii igitudinal section o f  dentinal tuhules passing through the globules 
at the p u l p ~ ~ - ~ i e ~ i t i n ; ~ l  juiictioii. (~licl.or:itliogram. Orig.mag. i< 500). 
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Fig. 8. Transverse section of the dentinal tuhulcs passing through thc juxta-  
pulpal dentinal globules. (Microradiogram. 0rig.mag. X 100 ). 

Fig. 9. Microradiogram showing varying niiiirral distribution within a scctioii 
and showing globular mincralizatioii of the eiitirc dentin. (Origmag.  x 300) .  
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Fig. 10. De~nineral ized area in the dent in  in contact with thc pulp. 
~hlicroratliogram. 0rig.rnag. X 500) .  
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Fig. 11 

Fig. 12 
Fig. 11  and 12. Mici.oi:idiogrilnis showing large dcminelal izt~d area\  i n  ihe 

dentin. (0rig.mag.  K 4 0 ) .  
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Fig. 1 3 .  Osteodcntin at the pu lp1  edge 
of the section. T h e  pulp i s  l o  the 
right. 'l'lie deposits show similarities 
t o  dent  in. (Micrornd iograni. 0rig.m;ig. 

x 100).  

it decreases gr:idu:illy towards the pulp .  In cases without the 
globulnr deinineralizntioii, one very often saw :t diffuse deiiiiner- 
:ilizntion of the dentin next to the pulp and sometimes siiialler 
areas near the periodont:il iiienibrane, froin which the cementum 
had disappeared. Frequently the deiiiinernlization widened the 
p u l p  cavity. 1,:irge tleniineralized areas with or without visible 
"cont:ict" with the pulp (Figs. 10, 11 ,  and 1.2) appeared :IS early 
as one inonth after rep1:int:ition hut were iiiore frequent after 
2.5 iiionlhs. After that  tiiiie soiiie irregular structures appeared 
which look like secondarily deposited inaterial. In the pulp it has 
siiiiiI:irities with dentin and hone (Figs. 13 and 14) and a t  the 
tip o f  the root there are simil:irities with ceinentuiii :ind bone 
(Pigs. 15 and 16) .  

Not until 2.5 iuonths after the rep1:intation did changes in  the 
iiiinernlizntion of the cnczmel appwr. L)e~iiiineralization round a 
foraiiien caecuin appeared even in  uniiiiplanted teeth due to  in- 
cipient caries (Fig. I 7  ) .  In the present ~n:iterial, however, such 
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Fig. 14. Irregular osteoid deposits at t h e  pulp-dentinal junction. Pulp 
cavity t o  the  left. (hIicl.oradioRr~im. 0rig.mag. x 500) .  

1 i 9  



Fig. 15 

Fig. 15 and 16. Osteoid deposits in the apical region (Microradiogram. 
0rig.mag. x 100). 
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changes were visible i n  one hundrecl per cent o f  cases with :I 

for:iiiien c:iecuiii. 1)eiiiiner:iliz:ition :tiid degcner:ition in the 
enniiiel elsewhere (Fig. 18) were in most cases correlated to :I 
corresponding degener:ition of the uiiderlying dentin. In a few 
cases demineralized areas in  the en:iiiiel :ippe:ired without any 
visihle c1i:inges in t h e  dentin or the s:iiiic speciinen. 

J) l  S(; [’ SSI ON 

Tlie technical a s  well :IS the  biological conditions of these re- 
plantations were optiinal because the rep1unt:ition in most o f  the 
cases was ~ n n d c  :I few seconds :ifter es1r:iction. l‘he low age of  
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the patients contributed both to :I iiiiiiiiiiuiii o f  tr:iuiil:i at the 
time or extr:iction :ind to :I iii:ixiiiiiiiii o f  healing I)otentinlity. I n  
spite of these :idv:int:igeous coriditions, extensive tleinineralized 
zones in the ceiiientuin :ind dentin could he s e e n  in most of the 
C:ISCS. I t  is iiiipo\sible t o  say that these defects in the ininer- 
:iliz:itioii ;ire due to 1:ick 0 1  t he  iiieiiihraiie covering the ceiiientuui, 
:I theory presciitctl hy z l . r h ~ i u s ~ ~ n  ; in t i  Hfiini izer .  The (1entin:rl 
ch:inges ; i re prob:ihly 1):irlI-y diie to Ihc sudden ciix-ul:ilory dis- 
order iri t h e  1)i i lp.  I r i  :lily case o n e  gets the im1)ressioii that  the 
re:itt:ichiiient between tlic Ceiiieiituiii :ind the :ilveolar bone is :I 

iiiore comp1ic:itetl prowss  t1i:in h:is been pre7;iously assuuied in 
some of the 1iler:iture concerning the trentiiient of  periot101it:il 
dise:isc\. I n  sljile of the opti in: i l  rontlilions for :I rc:itt:ichinent 



:rnd :I deposition of second:iry cenientuiii in cases ~vl ie rc  the 
covering tiieinbr:ine iiiight not be intact, it is iinpossihle to o l ) s r r ~ e  
any changes of tha t  type during the t ime of the  present investi- 
gn tion. 

T h e  striking extensive detiiiner:ilizeti :ire:is in the dentin n n c l  
i n t he en :I t 11 e 1 :i 1) 1) e:r r re l :i t i ve I y soon :I f t er rep 1 a n t a t ion. l ’h e 
deposition of osteoid tn:iteri:il :igrecs well with what  h a s  bccn 
found in aniiii:rl experiments and at ~ . o e ~ i t g e ~ ~ o l o ~ i c : i l  control 
cx:itiiin:itions of clinical c:ic;es. A tendency lor thc  osteoid tissue 
to reretnble the :idj:icent n1iner:ilized tissue seetiis to  exist. 

Interglobular dentin niay be :I degencr:itive pheno~iienon which 
possibly is accentuated into the  globu1:ir :itmngetncnt near the 
pulp in  the replanted teeth. 

Al l  the dei1iiner:ilized areas seem to  IF tlie sites o f  degener:itive 
changes. The only rep:ir:itive signs :ire seen :it the I)ull”’-dentiii:il 
junction and at the  :ipex. 

1’erin:inent teeth frotn 40 p:itienls wcrc ex1r:icled a ~ i d  imiiiedi- 
ately repl:inted. Changes in the tiiincr:ilizntion were studied with 
the aid of x-r:iy microscopy at  different lengths of titiic L I ~  to 7 
niontlis af ter  the repl:int:ition. ‘Hie following ohservntions were 
111:ide: 

CPl l l c l l t on l :  

1. Mineralization intact. 
2. 1)eniiner:ilized :ire:is in  dircct contact with the periodon1:il 

iiieiii1)rme. 
3. Isolated deinineralizetl areas in tlie ceiiientiiiii. 
4. Total  deiniiiernlizntion :i~id dis:ippe:ir:ince of the ccinentutii. 
3. I>eposits of osseous tissue in the apical region. 

Betitin: 
1. Miner:iliz:ition intact. 
2. Increased :ippe:irnnce of interglobu1:ir dentin.  
3. Globular demineralization of tlie entire dentin. 
4. Globul:ir deininer~ilization o f  the zone next to  the pulp. 
5. Large totiilly detninernlized areas. 
6. Diffuse deiiiinera1iz:ition :it the  ~,ulpo-tlentiii:il junction. 



II it ( I  m e  1 : 
1 . Mi nera 1 iz:i t i (,n in t :ic t . 
2. I)eiiiiner:iliz;ition around for:iriien c:tecuiu. 
3.  De i n  in e r a lizetl ir re gu I :I r :ire;\ s wit 11 a COT respond in g demin e I' - 

:I 1 ized a rea  in the (1 en1 in under nen t 11. 
4. I)cmi~ier:ilizetl iri~gi11;tr : i i ~ : i s  wilhout  :iny visihle changes in 

the dentin. 

I\ l2$ I'M I? 

MODIFICATIONS DANS 1,A MlNl?RALISATION DES DENTS HUMAINES 
A PR PS REINPLANTAT10 N 

Sur 40 patients, des dents pertiiancntes on t  6tC extriiites e t  re- 
impl:tntdes iiniiibdi:iteiiieiil. Les iiiodific:ilions d:ins 1:i inindr:ilisn- 
tion ont 6tC dtudi6es penctnnt des durbes  wri:ibles et j usqu'h 7 
moi s ap r 6 s 1 :I rd i 111 1) 1 ant at io ti, e n  re cou rant  A la r :idiogr:iphie 
microscopique. Ides o1)serv:itions su iwntes  ont 6tC fnites: 

Cdrrient : 

1. NinPrn1is:ition intncte. 
2. Surfaces dCiiiint!rnlisCes en contuct direct avec le desuiodonte. 
3. Zones isolees de t~Ctiiitii.r:ilisntion &ins le cCiiient. 
4. DCmin@ral i s:i t ion tot :ile e t tli s p r i  t io t i  d 11 cC iiient . 
5. DBpi,ts de tissu osseux clans 1:i rbgion apicnle. 

Dentine : 

1. Mi ndr a I i sa t ion in t :ic t e . 
2. Augiiient:ition de In  fr6quence dcs e s p c e s  intergloblll~iires. 
3. 1)Cniin6rulis:itit)ii globulaire de toute la dentine. 
4. Dt.minCr:tlisatioii globulnire de la none proche de 1:1 pulpe. 
5. \'astes zones ent iheinent  tlCiiiinCralis6es. 
6. Ddmiiiernlis:ition diffuse de la  jonction pulpe-dentine. 
7. Elnrgisseiiient de l a  c:iyit6 pu1p:iii.e. 
8. I)t!pOts de intitibre ostboide (ost6ottcntinc). 
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Bmrril: 

1. Min6rnlis:ition intacte. 
2. DCiiiinCr:ilisntit)n autour du Por:iiilen caecuiii. 
3. Zones dCminCralisdes irrcgulicres avec zone correspond:inte 

dCminCrnlisde dans la dentine sous-jiicente. 
4. Zones d@niini.r:ilis6es irri.gulii.res sans rhangenients visihles 

d:ins ]:I dentine. 

ZUSAhlMENFASSUKG 

MINERALISIERUNGSVERANDERUNGEN BE1 REIMPLANTIERTEN 
MENSCHLICHEN ZAHNEN 

1'eriii:inente Ziihne von 40 Patienten wurden extrahiert und 
sofort wieder reiniplantiert. Die \'erlnderungen in  der  Minerali- 
sierung nnch rerschiedeneii Zeitabstanden his zu sieben Monaten 
wurden init Hilfe der R6ntgeniiiikrosl<uI,ie studiert. Folgende 
Beob:ichtun~en wurden geiiiucht : 

Z e m e n t  : 

1. Minernlisierung intnkt. 
2. Deminernlisierte Gebiete in direlctem Kontaltt niit der perio- 

dontalen Meinbran. 
3. Isolierte deniineralisierte Gebiete iiii Zeinent. 
4. I'ijllige Deniineralisierung u n d  Verschwinden des Zeinents. 
5 .  Ablngerung von ltniicherneiii Gewebe in der apikalen Region. 

D e n t i n :  

1.  Minernlisierung intalct. 
2. \'eriiiehrtes \'orl<oiiimeii von 1iiterglobul:irdeiitiii. 
3. Glohulare Mineralisierung tles gesainten Dentins. 
4. Globulare Miner:ilisierung der pulpanahen Zone. 
5 .  Grosse, vollig deminernlisierte Gebiete. 
ti. Diffuse Deininer:ilisierung a n  der I'ulp"-I)eiitingrenze. 
7. \'erg riisser t e I' u l pa l i d 1  let 
8. Ablagerung von osteoideiii Muterial (Osteodentin) . 
Schnie lz :  

1. Mineralisierung int:ikt. 
2. 1)eiiiiner:ilisierung uiii Forniiien caecuni heruin. 



3. Unregeliniissige deiiiinernlisierte (iebiete iiiit entspi*echenden 
deiii in e r  nli sie r t en S t el 1 en i t i  deiii u 11 t er  1 ieg en den Dent i 11. 

4. Unregeliiiassige deniineralisierte Gehiete ohne sichtbnre Ver- 
iiriderungen iiu Dentin. 
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