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I n  o ~ i r  age of  increa4ing Lriiffic tr:iuin;itic lesions are becoining 
even more nuiiierous. A s  this fact :ilso applies to the  teeth, the 
dentist is often confronted with c:ises o f  fr:ictured teeth. 

It is difficult, not to say iiiipossible, t o  oht:iin :iccur:rte figures 
for the prewlence o f  tooth fixtures. Most o f  the cases ;ire sm:ill 
1r:tctures o f  the en:iriiel only arid do not present theinselves in  
t he  office. Therefore, the  very few statements iniide in literature 
on the  1)rev:ilence of tooth fr:ictures iiiust he t:il<en with rcser- 
xit ion.  fi;lli.s, 1952, reports that  o f  4,251 children in secoiit1:iry 
schools, 42 per cent had fractured teeth. Hrrrdruirl; fi Newinfin, 
1954, reporting : i n  investigption o f  1,800 children, specify the 
(1 iff e r en t types o f  1 oo t h fr:ic t u re s . Roo 1 f r :i c t u re s co 11 s t i t 11 t e on I y 
3.3 per cent o f  :ill dental fractures. I n  this p p e r  only root fr:ic- 
tures o f  erupted upper- central incisors will he de:ilt with. 

Most o f  the papers dealing with iwot  fractures are clinical 
reports o f  one or- two ciises. 1,:irger nurubcrs of iritra:ilveol:ir 
fr:icturcs hnve heen published by ,4 usfin, 1930 (40 teeth) ,  O f t o -  
ltngrri, 192(i---1927 ( 1 3  teeth) ,  I l o i / n i / i i r ,  1!60 -1954 ( 8  t ee th) ,  
:ind d ndrrson,  1944 ( 7  teeth) .  Keports regarding histo1ogic:iI 
exnniirwtions o f  such c:ises, :ire infrequent. True enough, the 
e:irly 1iter:iture contuins some reports o f  healed root fr:ictures 
studied in ground or dec*:ilcifietl sections, hiit inst:iiices o f  fr:ic- 
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tured roots examined with surrounding bone and in serial sec- 
tions are scarce. 

The purpose of the present paper is to report the clinical and 
radiogr:iphic findings, as  well a s  the therapeutical results in  nine 
teeth with intr:i:ilveolar root fractures in eight patients. Three 
of the teeth have been subject to histological examinations, the 
results of which are also given below. 

CASE I\EPORTS 

The cases will be described according to the age of the pa- 
tients, beginning with the youngest. The teeth are designated 
according to the Hailerup system. + signifies location of tooth 
in  the upper jaw, - in the lower jaw. If the symbol is placed 
to the right of the figure, the location of the tooth in the right 
side of the jaw is indiciited and vice versa. 

( h e  1 

A 9 9/12 year old boy fell on a slide, thus trauiuatizing the 
teeth. On clinical exmiination the upper central incisors were 
slightly loose and :I siiiall 1 inin wide hematoma along the mar- 
ginal gingiva was observed. The radiograph of l+  (Fig. l A )  
disclosed a cross fracture in  the niiddIe third of the root. The 
fragments were soiiiewhat displaced. The teeth froin 5+ to $5 
were ligated to an arch wire for :I period of seven weeks. Three 
weeks after the trauma :I teriiial yitality test showed normal re- 
action for 1+, and no reaction for $1. 

The teeth were last tiiiie ex:iniined 22 months after the acci- 
dent. Both central incisors were then f i rm;  1 + reacted norinally 
and + 1 did not respond to electroinetrical vitality testl. The 
radiograph taken :it the wine tiiiie disclosed that the space 
between the fragments had become very narrow and the alveolar 
hone on the distal side apparently had grown into the fracture 
line. The pulp c:inal in the apical fragment was almost obliterated 
(Fig. 1 U ) .  

I I I I  a11 the cases reported i n  thi \  paper the elcctrometrical pulpvitality 
test was made with  the "Sifrr tm" pulp testing apparatus. If  nothing else i s  
indicated, the vitality te\t ha\  been made electrometrically. 'Hie author 
wishcs to tliarik Fr.  Licl t fenberg Crone ,  D.D.S., for making the vitality testa. 
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Fig. 1. Cnse 1 :  Radiographs one day lifter trauina ( A )  and 22 months  later 
(13). Note in I3 rounding off  of  fragment surfaces. 

Ctrse 2 

A 10 7/12 year old boy fell on :I slippery road and suffered 
intranlveolar fracture of $ 1  and intrusion of I$  (Fig. 2 and 
Fig. 3 A ) .  The left central incisor was loose :ind sore. Thirteen 
hours after the trauina repositioning of I f was performed under 
local :mesthesi:r by ineans of a forceps. During this procedure 
the tooth slipped out of its socket into the oral cavity, but was 
iinniediately rep1:tnted. The teeth from 2+ to +2 were wired 
together (Fig. 3 H )  for a period of four inonths and the bite was 
raised for  :$bout one month. J'itality test two weeks after the 
trauina disclosed that the pulp of 1+ was non-vital, while $1 
showed n questionable response. Root canal treatment was imde 
of l+.  After eleven months $1 responded norin:tlly to the 
pulp test. 

The teeth were last tiine exaniined eleven months after the 
accident. Both teeth mere firni and :tppeared to be of normal 
color; + I  showed norm:il vitnlity o f  the  pulp. Figs. 3C and 3D 
are  radiogr:iphs taken :it the saine ex:rinin:ition. In the apical 
part of the right central incisor :I slight but distinct resorption 
was visible (Fig. 3 C ) .  The fracture of the left central incisor 
showed signs of healing with hard tissue forination between the 
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Fig. : I .  (:;isc 2 :  Itadiogrnplis 
few Iiours after trnuiii:~ [i\>,, 

:iritl 1 1  inontlis later ( C  ;itid 
I),". Sotc  i n  (: slight re- 
sorption i n  apical area ol' 
yiglit central incisor. a n d  
iii 1) ingrowtli of laininn 
dura distally in  left ceii- 

tlul incisor. 

ten days a f te r  llnurlln (1%) 



fr:tgtiients (Fig.  3 1 ) ) .  However, on the hasis of' tlie r:ttliogr:iph 
alone it was difficult  to decide, whether the two 1r:igiiients were 
really united by 1i:irtI tissue, or whether tlie s1i:tdow in the frac- 
ture  line w a s  c:iused hy t h e  surrounding hone. The alveolnr hone 
had :ipp;trently groww into the distal p r t  o f  the fr:icture line. 

C r r s e  3 

An 1 1  8/12 year. old boy fell fro111 :I fret, thus 1ux:iting 1 + 
pa1:it:iIly. l'he 1ux:ttiori was reduced by ;I local dentist :I few 
hours  after t h e  uccident. The  r:idiograph (Fig.  4 A )  tnlcen the 
next day revealed :i cross fr:icture in the iuiddle of the  root with 
soiiie displ:tc.e~nent of  the fixgiiients. The tooth w a s  slightly 
loose and sore. Six d~tys after t he  trnuiiin :i capsplint including 
the four upper incisors was ceiiiented into place :ind ItepL in 
position for eight weeks. After reiiioval o f  the  cupsplint the right 
central incisor w:is found to be o f  norin:tl color, hut  slightly 
loose. l'he vitality test gave noriiiat resporise, 1)uring ;I period 
of five months after the reinoval of the splint five vi tdi ty  tests 
constantly showed normal reactions. 



Fig. 3 .  C a w  4 :  Radiographs irnrnetiiatel> after traumt ( A ) ,  two days after 
reposition ( B ) ,  anti t h r e e  months later ( C ) .  Note in C heal ing proccss ill 

tract u re 1 i ne :I i id  o t)1 it era t i o n  o f  pu 11) c l ~  inbe r and cnna I .  

At the last ex:iininntion five iiionths and :I half after the 
traunia, the tooth :ippenred to he coinpletely normal f rom a 
clinical point of view and the vitality test gave normal values. 
The radiograph (Fig. 4 H )  showed distinct rounding off of the 
edges of the fracture surfaces and indic:itions that, on the niesial 
surface of the root, the hone had grown in hetween the fragments. 

Cftse k 

A 13 4/12 year old hoy hit another boy with the result that 
hotli his central incisors in the upper jaw fractured. The coronal 
fragnient of +1 wv;is totnlly luxnled, while 1 + w a s  luxated 
palatally and was loose. The radiogruph disclosed an intra- 
alveolar cross fracture of 1 +  in  the middle third of  the  root 
(Fig. 5 A ) .  The treatnient consisted in surgical removal of the 
apical fragment of + I ,  repositioning of If (Fig. 5B), and li- 
gation of canines and incisors to :in :irch wire for eleven weeks. 
One iiionth after the trauma 1+ did not respond to :I teriiial 
vitality test, hut the color w a s  norm:il. One month and a half 
later the tooth was firm. Vitality tests performed five months 
after the trauiiia gave n o  response froin $ 2 .  In the case of 1-f 
a raised pain threshold was found. Two weeks later, however, 
the central incisor responded norinally. 

At the last exaiiiination 1)) months after the trauni;~ 1 + was 
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Fig. 6. Case 5 :  Radiographs two days after trauma ( A )  and three month9 
later ( B ) .  Note in B obliteration of pulp canal in apical fragment. 

firm, had a norinal color and a somewhat increased pain thres- 
hold. The radiograph revealed (Fig. 5 C )  that the fragments were 
in  good positions. The fracture line was narrow and apparently 
soiiie hard tissue formation had taken place between the frag- 
ments. The pulp cavity in both fragments was obliterated. 

Cme 3 

A boy, 15 5/12 year old, received a blow during :I football 
game, causing the central incisors to become slightly loose and 
tender at percussion. The radiograph demonstrated :I cross frac- 
ture in  the apical third of the root of 1+ (Fig. GA). The apices 
of both central incisors seemed to be soiiiewhat tapered. The 
treatment consisted in grinding the incisal edge to  relieve the 
occlusal stress. Nine days after the t rauma +l did not respond 
to  vitality test, while 1+ showed norinal values. 

The tooth was last time examined three months after the ac- 
cident. The right central incisor was f i rm and showed noriiial 
color and vitality of the pulp. The left central incisor was still 
non-vital, so root canal treatment was instituted. The radiograph 
from this examination (Fig. 6I-1) revealed a distinct fracture 
line in  1+, apparently with no resorption of the root. The non- 
vital central incisor had a radiolucent area around its apex. 
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Ctr . \e  (i 

I n  :I tight ;I 20 p i r  old ti i: in got :I I)lo\v o n  his tectli. +2 w;is 
coiiii)letely luxited :itid + 1 p;irti:iliy luxated. Cotisitler:ihle gin- 
gival d:iinage w i s  recorded. 'I'he rndiogr:iphic ex:itiiin:ition dis- 
closed :it1 iiitr:i:ilveoi:ir cotiitninnletl cross fr:iclure in the ~iiitldle 
third of the root of  + 1.  The treatinent consisted in rep1;itit:ition 
of the 1:iter;il incisor after ro(~ t  caii:il filling :ind reduction of  
the disloc;iled centr:il incisor. The teeth mere iininohilized 1)y 
continuour wiring (Pig.  7 A ) .  One  week kilter l h e  tr:iuiii:t +1 
1)ec;itiie pinkish in color : i n d  showed very slow rerpotises to 
vihlity tests. A radiograph sho\ved blurring of  the fr:icture line 
:inti soiiie distention of the fr:igiiients (Fig.  713). Af te r  ten more 
days there w a s  no response :it : i l l  t o  the yit:ility test. 'J'he tooth 
w:is surgic:illy retiiovetl 38 (lays :ifter the tr:iuni:i (Fig.  7 C ) .  
Durins the operation it w i s  nccewtry to  split the root :It the 
cervica I 1ii:irgi t i .  

Histolo{gic-rrl ci.r.cin1ii1,rfionl. 'Hie tooth w i s  cut lu1,inl-lirigti:ilIg 
in 200 scclions. Fig. ti is :I low po\vcr i1i:ignificntion of  one ol' 
the  sections. IJiifortun:itely, the splitting of the tooth during the 



Fig. 8. Case 6 :  Low power rn:rgnification I x 12)  o f  extracted incisor. The 
scctioii corresponds to radiograph C in  Fig. 7 .  Note splinters of  t l r i i t i r i  i n  
1r:icturc line, which make t he  fracture comininutccl. Areas marked I and 11 

:ire shown in  liiglicr m:ignificiition i n  Fig.  9 and Fig. 10. 

oper:rtion cnusetl soiiie detcriorntion, but :it the end of  the fr:tc- 
ture line, I:thi:illy as well :IS lingLi:illy, the splintered tissues :ire 
retained in the preoper:rtive position. 

The fracture line runs f'roiii the middle o f  the root 1:illiaIly 
(Fig. 8 right) to the cervical third lingwilly (Fig. 8 lef t ) .  The 
labial end of the fracture line is ctinrncterizetl by pronounced 
resorption processes, both in the coronal : i d  in the apical frng- 
inents. In the fr:icture line, lal)i:illy, :I siii:ill fragment of dentin 
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fragments o f  splintered 1i:ird tissue than at the 1nhi:il end. The  
greater part  of the exposed surface of the dentin is covered 
with sqit:itiioits epitheliutii, the thickness of  which is varying 
(Fig. I)). I n  sotiie p1:ices the epitheliuiii covering the different 
splinters is connectcd by hridges of  epitheliiitil. The  connective 
tissue hetween t h e  frnginenls is iiio(1er:iteIy infiltr:itetl with 
lyinphocytes :ind to a siu:rller extent, leucocytes :itid plasm:\ cells. 
In one pl:ice :I proliferating rest o f  M:il:issez is ohserved in  thc 
I'r:icture line close to the periodont:il 1iietiihr:ine (Pig.  10) .  

?'he p111p i n  the coron:il 1r:igiiient W:IS destroyed during the 
snrgic:il reinowl.  I n  the  apic:il 1'r:igtiietit the  pulp c:iii:il is very 
wide (Fig. 8 )  d u e  to osteoc.l:istir:il wtivity :ilong the walls of 
the  c.:in:il. The nortn:il p i i l l )  tissue i.; replac.ed by :I inoderately 
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A 2!) yc:ir oltl  1ii:111 fell down l h c  sl;iii-s, c:iusiiig the iip1)c~t. 
reiitixl incisor to hccoiiie p:il:itally displ:iceti. 'l'he r:iciiogr;iph 
(Fig.  1 I A )  disclosed inti~:i:iIvcol:~r cross fr:irtures o f  h t l i  Icctli, 
viz., in the :ipic;il third of 1 + : i n d  i n  the iiiidtlle third o f  + 1 .  
'I'he teeth were i.educet1 :ind :I c;ipsplint froi i i  c:inine to c:iiiiiic 
was ceiiieiitetl into place. A t  the clinical cxaiiiin:itioii :i iiioder:ite 
I I 1 ;I r gi n :I 1 lier iodoiit i t i s u' :I s d i :igno scd . 0 lie 1 iioii t ti :if t e r the 
I r a ti m:i ;I ra d iog rap11 dei i i  on s t rat etl sl ig h t hl LI r r i 11;: 1) o s sih I y t l ti c 
lo  resor1)tion :ilong the frncture line o f  1 + and I)roiioiinced re- 
wrption in +1. Fig. 1 1 1 3  illustrates the condition two iiionths 
;i I t er the t r au I ii :I s h o w  i iig t ti a t t 11 e re sorp t ion :i p p are ii  t I y h n (1 
hee 11 1' ti r t ti er :I ggrav:~ t ed . The c:i p s pl i i i  t w :i s removed . The color 
o f  1 + 1  w:is :I shade darker than that  of  the  other teeth and 
1 fl did not respond to vitality test. The central incisors started 
elongating just  Lifter the reiiioval of the capsplint. The  patient 
w x s  referred to his private dentist who performed root canal 
treutiiient of  both teeth ant1 reiiioved the apic:il fr:igments. Ortho- 
dontic hands supporting :I single :irch wire for intruding the 
ceiitr:d incisors were placed on 4, l  + 1,4. Fig. 111)  illustrates the 
condition seven weeks after the operation ; the centr:il incisors 
:ire now in noriiial :iligiinient and the radiograph (Fig. 1 1 C )  
deliionstrates that  the  defect :ifter :rpicectoniy is in the process 
o f  heing filled with hone. 

Histologird examinntion. 'I'he :ipical fr:ignient of + 1 w:is 
treated according to the double eiii1)edding iiiethotl :uid stained 
with 1ieiii:itoxylin-eosin mid \'an Git.son-Nnnst.n's s h i n .  The pull) 
is found t o  be : i l  tiiost noriii:iI in histological structure :ilthoiigh 



Fig. 11.  Case 7 :  Radiographs immediately after trauma ( A )  and two months 
later (€3). C is n radiograph three months after npicectomy. Note defect 
filliiig i n  witli I~ouc .  I) is a pliotograpli illustrating the condition seven weekh 
d l c r  apiccctorny. l'hc orthodontic appli;iiicc 1x1s intruded tlic upper ceutral 

incisors. 

the odontoblasts :ire degenerated. There ;ire :I few huiidles o f  
collagcnoul; fibres :ind slight edema. In  11i:iny places the walls 
of tlie can:il have been exposed to resorption, but all  the defects 
are repiired with low differeiiti:itcd dentin (Fig. l a ) .  

(,'trse N 
A 33 yc;ii. old 1ii : i i i  fell o f f  his I)icyclc, with the  wsult Ihat  t l i c  

right wnf r:11 incisor becartie completely liixatetl. '1'11~ left central 
incisor w a s  very loose :iud the r:idiogr;ipli revc:iled :in i i i l  r;t- 
:iIveol;ir coiii~ninutcd cross 1r:icture in tlie cervical third o f  the  
root  (Fig,  1 3 A ) .  'I'hc distal end of lhc fr:icture line was located 
j u s t  level with the :ilveol:ir crest. l'here was sotlie destruction of  
the iiiter:ilveolar crests due to ;I iti:irgiii:il 1)eriodontitis. For five 
~ v e e k s  tlic tooth w;is ligated to a 1 1  :ircli wire and during tlic 



5 4 

Fig, 12. Case 7 : Pliotomicrograpli of pulp i i i  apical fraament of left ceiitixl 
incisor. I) i 5  tleiitin, SL) low tlil'fercntiated dentin laid down in areas ot' 
precediiig resorption. Note sliglit cdcma i n  pulp t ixme.  h1;lgiiification: x 1XI. 



1:ig. 1 3 .  Case 8 :  Radiographs onc day after trauma ( A )  and 75 days Intcr ( I I ) .  
Notc i n  U resorption in frncturc l inc .  C and D arc radiographs (frontal  aiid 

lntcral views) of  cstracted tooth. 
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Fig. 15. Case 8 :  Higher magnification ( X  110) of area marlted I i i i  Fig. 11. 
Ksposed surfaces of dciitiii and cemciituiii are covered with squairious cpitlic- 

liuiii. Notc slight infiltrntioii with Iymphocytcs iii frncturc li i ie.  





1;ig. 17. Case 8:  Photomicrograph of a n  area corresponding to that markcd I 
i i t  Fig. 11. XI are prolifernting epithelial rests o f  bf;ll; iS5CZ. Notc infiltriilioti 

 villi Iympliocytcs i n  fracture line. Xlagiiificntioii: X 34. 

:ind the pathologic:rl changes in Ihe inedullar cayities exlend :IS 

f i ir :IS to  the level of the frticture line. The lntuin:~ duru s h o w s  
:I sliglil cxlension into the frncture line tiiesinlly (Fig. 1 4 ) .  

'I'lic epit1ieli:il :itt:ichinent is seen on the ceiiieiifiiiii about 3 
t i 1 1 1 1  1)eIow the cei~ientuiii-ei~;~tiiel junction 011 both sides. In noiic 
of  the 1 7 5  sections twmincd,  h:is any connection hetween tht. 
cl)itheli:il :itt:ichiiient ant1 proliferating epithcliuiu in the fr;ictiirc 
line l ~ e n  tleinonstrnted. I n  the  periodontal ~iieiiibr:iiie on llic 
distal siirf:ice of the root proliferating clusters of epit1ieli:il cells, 
resembling rests of hinlassez :ire observed in  connection with 
siliull :ire:is of influiiiiu:ition (Fig. J 7 ) .  
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1)ISCUSSION 
Clitiic-uf fitiditzgs 

In Table 1 the eight case histories :ire suiiimarized. From tlic 
table it can be seen that five of the patients are  below tlic age 
of 16 years, but above 10 years. This is in good :iccord:ince with 
the view of ,Yr(~iicr, 1936, and Ellis, 1952, that  root fractures arc 
less frequent in  children of 7-10 years of age, because in this 
period the roots are not fully foriiied and the teeth havc sonic 
resilience in their sockets. 

It is the writer’s experience that the upper centrol incisors 
:ire the teeth most frequently showing intraalveolar fractures. 
l’lie cnses reported in this paper mere observed within :I period 
o f  two years :ind during that time no other root fractures ap- 
peared in the office. Austin’s 1ii:iteri:il of 40 root fractures from 
1930 coiiipriscs 37  central incisors, one lateral incisor and one 
c:ininc. Thc saiiie predoiiiinnnce of tlic upper central incisor is 
evident in l‘nble 2. 

The clinical syniptonis of root fractures may v:iry according 
lo the 1oc:ili~ation of the fracture. The iiiore cervicdly the frnc- 
Lure is located, the greater are the chances of displacement o f  
[lie coronal fragiiient. Acconipnnying the displnceiiient is in- 
cre:ised illobilily of the teeth. In  :ill the cases described in this 
p:iper the teeth becniiie loose, and the writer is rather sceptic:il 
towards the st:iteiiient inade i n  literature that m:iny patients :ire 
iina~v:ire of 1i:iring fractured roots. I n  some cases the coronal 
fragiiients of the fractured teeth have :i tendency to elongate 
which iiiny :iggr:ivate the prognosis (c f .  case 7 ) .  

T:ihlc 1 also gives inforii1:ition :is to the vit:ility of the 1)iiIl)s 
ol’ lhc fr:ictured tceth :it the last ex:iiiiinution. 13elow the :igc of 
16 ye:irs the response to thc vil:ility Lest is  noriiial, but :il)ovc 
Llie :igc o f  20 yc:ii*s the r c s ~ ~ c ~ n s c s  :ire 1icg:ilivc. The l)robleiii o f  
vil:ilily o f  [lie piill) in teeth with root  frncturcs b:is given risc 
lo  :I gre:il tlc:il o f  discussion in Ilic lilcr:ilurc. I t  is :I well-known 
fact 11i:it ;I loolli susl:iinini; :I blow in:iy lciiil)or;irily fail to 
re\l~oii(l  or give :I qticstionublc response l o  vit;ility test. ‘rlic 

111onlhs ;1flcr l h c  
1r:iuiii:i tcf. c:isc 4 ) .  However, it must be considered rather :in 
cxceptiori when Z<’licgc, 1933, found that it iiiay tnst iintil two 
years M o r e  [lie 1)iiIl) showed noriiial vitality. Oninelf, 1953, 

l~esl~ollse l l l~ ly ,  ho\vcver, retur11 d q ’ s  o r  cvci1 
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1 After t h i s  period t h e  root  canals were fi l led and t h e  apical fragments removed. 
2 No vitali ty test performed, hut liistn1ngi~:il examinat ion  sho\vctl vital  p u l p  t is>ue. 



l t d i o ! i i  t i p 1 1  ic 1 indiiwls 

The r:idiogr:iphic ex:iniin:itioii is :I sinc. q r i r r  non in  diagnos- 
ing :in intr:i:ilveol:rr root fr:icture. T h e  iriterpret:ition, however, 
c:in be difficult, because the friicture line, h:iving :in oblique 
course l : i ~ ~ i : i l l ~ - ~ ~ : i l : i t ~ i l l y ,  :ippenrs :is :I double line, of ten  disc- 
s1i:iped on the  ruc1iogr;ipli. It iu:iy be necessary to take radio- 
gratiis at different :ingles to disclose the fracture  and determine 
the loc:iliz:ition. Due to  overlapping of the  fragments  i t  is difficult 
l o  diagnose :I fr:icture ;is being coinniinuted. Hoot frnctures :ire 
usually tr:insverse, hut in:iy he oblique. In ‘4 zrstin’s in:iteri:il the 
fr:ictiire line w;is situ:ited in  the :ipic:il third in  four  cases atid 
in 3ti c:ises si tuated in the iiiiddle third o f  the root. Consider:rble 
tli sp I :ice iii en t of the  I r:i gii i e n t s ;I ggr : iwi  t e s t t i  e 1) rogn o si s. ’Hi e 
r:idiogr;iph is :I v:ilu:ible help in following I h e  healing or  non- 
1ie:iling process of  ; i n  intr:i:ilveol:ir 1r:tcture. I t  is typical (luring 
1ie:iling lor  the edges o f  the opposing siirf:ices of the fragtiients 
l o  heroine rounded o f f  (cf. c:tses 1, 2, 3 :ind 4 )  and the :ilveol:rr 
Imne l o  grow in hetween Ilie 1‘r:igtnenls. However, i l  is :ilniost 
iinpossihle l o  decide whether :I union o f  fi-ngiiients with c:ilci- 
lied tissue h:i$ I;ilten 1)l;ic.e. I t  is :ilso tlilficult to tell f r o n i  :I 

r:i(liogr:ipli, whether the filling-in with Ii:ird tissue i n  t h e  friic- 
lure line (’otiies frotii  llic 1)u11) or f r o i n  the periodont:il iiieiiitmiie 



I I i . s l ~ i l o ! ~ i w l  /indings 

'Hie 1iter:ilure i n  this field h:is beell reviewed. The results :ire 
t:ibul:ited in 'l':tble 2. 'l'he 1:ible conipriscs histological ex:iiiiiii;i- 
tions o f  fr;icturecl iticisors :ind canines only : i t i d  is liiiiiled lo 
erupted teeth. 

H:ird tissue union between the fr:igiiients is only provetl i n  
one inst:ince, i.e. HOIIIP'S  cnse froni  1927. In Oninell's case ( 1953) 
the fixture was not couiplete s o  the conditions for he:iliii:,: were 
more f:ivor:ible th:in i n  the c:ises with total fractures. Brrirrer, 
1936, reported :I c:ise of Kronfplti &? Inq, but :~lthougli the r:idio- 
gr:q)h showed the f r:igiiients "firiiily united", they c:iiiie apart 
tluriiig t h e  re inowl o f  the  tooth. I d e  reason tor the siii:ill 

nuinher of cases reported with either calcified union or pseeutl- 
:irthrosis proven histologically, is proh:ihly due to  the fact that  
:iny indicntioii for :III ex1r:tction is rare, when two fra:,:tnents 
:ire :ipp:irently solidly united in the :ilveolus. Instead of :I cdci -  
fied union the frngiiients c a n  be kept in  position by :I pseud- 
:irthrosis, t he  1i:iture of which will be described below. Whether  
the 1ie:iling occurs in one way or the other, resorption processes 
will : i lw~iys  take place, :ind tiiuch :ittention has been given t o  
thc oiiiise o f  these processes. The cross 1'r:icture of :I root is 
:icc.otiip:inied by itleeding :ind subsequently iiiflniiiiii:ition. 'L'he 
incre:ised pressure in the fr:ic*tiu.e line c:iuses :I c1ifferenti:rtion 
ol' osteocl:ists : i t i d  the ex1)osetl surfnces o f  dentin and ceiiieiiliitii 
undergo resoq)tion. The exten1 o f  the resorpiirm is :tinon:,: ol l ie r  
Iliings dependent ol' coiiip1ic:iting infection. I n  c:ises (i :it id 8 
[ l i e  iii1l;iiiiiii:itiotis werc infecliou4, for which i*e:isoti l l i e  pro- 
( ~ s s e s  ol' re4orl)tioti were wvrre  :tad t h e  1ortii:iIion o f  1i:irtl lissiic 
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very sc:irce. In cases with f:ivor:ible 1)rogiiosis the resorption 
processes :ire \uperseded 1)s processes of  ap1)osition. I t  is  not 
I)owil)le to stkite definitely, when the :ipposition will replwe re- 
q ) i - l ) t i o t i ,  1)ec:iuse severti1 f;ictors iiiiiy influence the Iie:iling 
1) rocew. 

‘1’he re1):ir:itive l)rocesse\ ;ilw:iys o w t i r  i n  areas o f  preceding 
rewrption. The 1i:irtl tissue is I:iitl down in lacunae of  Hoicwiiip 
:ind i n  rare c:ises the  1i:iid tissue will unite the two (or  more) 
ftxgiiients together. ’I‘he h:ird suhst:iuce, I’oriiietl i i i  the fractu IT 

line, is often diffictilt 10 cl:issify, ( : l r i r r s  LC Orhtrn, 1953. Differeiil 
;ittllioi.s h a v e  ch:ir:iclerizetl i t  :IS c:ilcil‘ietl rel):iir tissue, bony 
li\.;ue, secotid:irg c.:ilcific?l tisslue, cementoid, osleoceiiientuiii, 
osleotlentin etc. Also the ”1)roLective” foriii:ition of 1i:it.d tissue 
in  llie piill) o f  J’r:ict uretl roots is  difficult l o  cl:issify. ‘I’hew is 
no tloul)t, howevcr, 1h:it secondaiy dentin, forriled close to  t h e  
1‘r:ictui.e line, i.; iiiore irregulnr (i.e. c.ont:iining :I siii:iller iiui111)ei~ 

o f  I uhules) t h : i n  th:it foriiietl reiiiote frotti  the  fr:ictttre, el‘. c:isc 
8, Fig. 16. I t  is :t controversial question whether the repair 
t iswe is tlerivetl froin the pulp or frotii the  periodon1;iI iiieiii- 

1)r:ine. ’I‘he writer agrees with Oinncll, 1953, that  in root frac- 
Lures the repair c:in he org:inized hoth f r o i n  the  pulp :ind the 
periodon1:il rneiuhr:ine. I n  the process o f  healing, the :ipposition 
of h a r d  tissue in the fracture line stops :It a certain point :tnd 
fihrous hundles running between the fr:igiiients constitute the 
finnl result of  he:tling, :I pseudurthrosis. In reality :I new pe- 
riodoiit:il iiienibrane is established :ind due to the iiioveinents 
o f  the corond fr:igiiient the fibres heconie orientnted. Especi:illy 
Kronfeltl, 19.36, has eiiiphnsized the adaptive changes in  the 
periodont:il ineiiibrane in :i fractured tooth. The figures for the 
thickness of the periodontal iiieiiibrane in  cases 6 :ind 8 cor- 
respond very well t o  Zironfeld’s ineasureinents in :I similar case. 
In the apicnl fragment the periodontal iiieiiihrane is thin with 
fibres orientated pirallel  to the root surface, while the perio- 
d on t :il iii e ni br:ine in  t h e cor on :i I f r :ig iiie n t i s thick with oh I iqii el y 
orientated fibres. 

In cases 6 and 8 no hed ing  occurred, probably because the 
presence o f  a inarginal periodontitis give rise to  infection in 
the fracture line. Hesides the acute and chronic inf1miin:ition 
c:iusing heavy resorption of dentin ant1 renientutii, in hoth cases 



IN l' l iAAl,V E( I I A l i  F€lA(:'l' 11 HES 65 

:i squ:inious epithelium has proliferated along some of the ex- 
posed surfirces o f  dentin :tnd ceinentuin, Fig. 9 and Fig. 15. 
\2'hen ;I surface is covered with epitheliuin no upposition of hard 
lissue  in t a k e  p1:tce ;tnd the prognosis for healing is hopeless. 
The origin of these epitheli:tl cells is pro1)leiii:itic. A nuturiil 
e x 1) I an  :i t ion w ou Id he d ow ii growth of  t h e epi t h e 1 i :i I at  t ;ic h 111 en t 
:is deiiionstr:itetl i n  the cases of '4 isrnhrry, 19-52, :inti Kronfeld, 
1936. In c:ises 6 :tnd X :I c:trefuI ex:iinin:ition of the  serial sec- 
lions did not disclose :rny connection hetween the epithelial 
;itt:ichiiient and the pro1ifer:tting epitheliuin in  the fracture line. 
Soiiie of the sections i i i  hoth c:tses c1eiiionstr:ite pro1ifer:tting 
epitheli:il rests of  hf;iI:issez i n  I h e  fr:icture line, Fig. 10  : ind 

Fig. 17. Proin the  ;ipic;il :irea i l  is well known th:it iiifla~iiiiintion 
c:in c:tuse i)i.olifei.:ttiori o f  the epitheli~il rests o f  hl;il:issez, :ind 
i t  wciultl no1 ;ippe:ir un~~e:ison:iI~lc Iherefore t o  :issunie :I similar 
cxpl:iii;ttioii for the occurrence o f  eliitheliuii~ in the 1'r:ictui.e 
line i n  c:ises (i a n t i  8. 

I n  : i l l  Ihrec C':ISCS cx:iiiiiiictl liisl~ilogic:~lly I ) y  Ihc ~ireseent 
writer, llie pulp in the apical l'raginenl w:is vital. C:ises 7 :inti X 
deinonstr:itetl processes ol' r e p i r  :ilong the w i l l s  o f  the cnn:ils. 
while thc pulp i n  case 0 W:IS doii1in:itetl hy resorption processes. 
There is no douht that : in  "a1)ic:il" pull) can survive, even though 
t h e  "coron;il" 1)iilp is necrotic, pro1)ahly bec:iuse the :tpiciil frag- 
nient receives its ~:isculur supply from two sides. 

'I'rc~(rtnirn t 

The treatiiient of an intr:inlveolar root fracture will depend 
'in the 1oc:ilization of the fracture, thc degree of disp1:icenient 
of  thc fr:iginenls, the periodontal conditions, the conditions o f  
neighbouring teeth, the age :ind general health of the patient. 
The principles of treating root fractures :ire the reduction of 
the ciisplacement, iiiiinobilization, and the relieving of occlusnl 
stress. Regular radiographs and vitality tests inust be made. It 
should be mentioned that many cases of root fractures, especi- 
;illy in  the apical third, heal without any treatiiient. The iniiiio- 
hilization can he :icconiplished in several ways : continuous wir- 
ing, ligation to :in arch wire, n capsplint or a bandsplint. There 
:we various yiews on the duration of fixation. Ellis,  19.52, re- 
coiiiiiiends the use of :I capsplint for ;i period of three to six 

5 - i(el(i otlo~ifol. Scnrttfincirl. \'fil. 1.3 



I',.ll~ll"sis 

Prcviously, the Iirognosis o f  tee th  1i:iving root fractures was 
consitlercd p(10r. '1'o-d:iy this :ittitilde hiis ch:inged soiiiewh:it 

:inti thc prognosis is tlceiiied iiiore f:ivor:ible in iiiost e:ises, pro- 
vided proper 1re:itiiieiit is instituted. l'he prognosis is h i d  i r i  
teeth with coiiiininuletl fr:iclures, when t h e  fr:icturc line is 
loc:ited ccrvic:illy or when the teeth :ire siiffering froi i i  :I iii:ir- 

gimil periodontitis (cf.  c:ises (i, 7, :ind 8 ) .  Ho!J,  1938, stresses 
tha t  to obt:iin he:iling the 1:iiiiin:i dur:t iiiust be int:ict and the 
fr:icture line loc:ited definitely below the circulur 1ig:iiiicnts. l'he 
:igc o f  the p:itient n:itur:illy 1i1:iys : in  iiiiport:int role, t he  pro- 
gnosis being better in youth, but  even in older pcolile, 1ie;iling 
o f  fractured roots h i s  been observed (cf .  l':ible 2) .  Severiil 
:itithors h:iw coiiilxired the re:iction o f  the pulps in  teeth h:iving 
sust:iined :I hlow without fr:icturing :ind fractured teeth. I t  is 
gener:illy :]greed that the piilp o f  :I lrauiiiatized tooth without 
:I fr:icture is iiiore likely to become necrotic th:rn the pulp of  :I 

fr:rctured tooth, cf. cases 1 ,  2, :ind 5. The expl:in:ition is prolxiblg 
thnl  the fr:icture of the root provides iiiiiiiedi:ite decoiupression 
:ind f:icilit:ites co1I:iter:iI circulation, dricferson, 1944. 

.. 1 he \vritcr \ \ is l ies  t o  cxprcss his sincere  thanks  for the valual)le Iiclp re- 
ceived f rom t l ic  photogr:iphic ilcli:irtnieiits of the Iioyal 1)cntal College a n d  
(lie tliiivcrsity I{ospitnl (Iiends: M r s .  I .  KrcqOctlle a n t 1  Mrs. .4(1. A u r s p e ) .  



Nine upl)er central incisors (in eight pit ieti ts)  with intr;i- 
:ilveoliir root fractures :ire described. I n  'I':ible 1 inforin:ition 
is given o f  the iiiiie teeth. The ages of the p:itients (:ill mile)  
wried  froin 10 to 33 yews. l'he fractures were located in the 
:ipic:il thirds o f  the roots in two teeth, in the middle thirds in 
six teeth, and only one tooth had :I fracture in the cervic:il third 
of the root. 

'I'he tre:itiiient consisted in reduction of  disp1:icetl coron:il 
frngnients, fixation by iiieaiis of continuous wiring (two teeth), 
ligation to arch wire (three teeth) or capsplints ( th ree  teeth).  
I n  one case no treatment other than relieving of occ1us:il stress 
w ' : i s  perfortnetl. The period of  treatnient wr i ed  from 38 d : i y  

Five teeth gave positive responses to vit:ilily tests during 
oh se rva t io t i  1) e r iod s f ro  111 t 11 ree to t we t i  t y- 1 wo 111 o tit h s . I t i  the se 
cases the rndiogr:iphs gave evidence o f  healing; three teeth 
showed obliteration o f  piilp clxiiiiber or c:inal (Figs. 1, .i :ind G ) .  

Two teeth becoiiiing loose despite of tlie treatment were sur- 
gic:illy removed with the surrounding bone. The r:idiogr:iplis 
disclosed active processes o f  resorption. I n  both teeth the histo- 
logic:il cxaiiiiiiation revealed coiiitiiinuted fr:ictures (Figs. 8 and 
14 ) ,  and covering with squ:iiiioiis epithrliuiii o f  exposed surfaces 
in the fracture lines (Figs. 9 :tiid 1 5 ) .  I t  is suggested that the 
epitheliuin originates from the epitlieliul rests of  M:ilassez, whicli 
tti:iy have been s t i~~tu lafed  to giwwlh by :I p r ~ ~ e i i t  li1iirgin:il 

periodontitis (Figs. 10 : i t i d  1 7 ) .  
I n  one pntient tlie two centr:iI incisors were found to be tion- 

vital two iiioiitlis after the 1r:iuiii:i (Fig. 1 l C ) ,  whereupon root  
c*:tiial  trealtiient \vas ~iiade : ind Ihc : ip iwI  fr:igiiients surgic:illy 
reiiioved. Histo1ogic:il ex:iiiiiii:itioii o f  ;I fraginent froiii the left 
incisor t1eiiionstr:ited y ih l  pulp tissue in the root c:innI : i t id  

forrii:itioii o f  second:iry dentin in :~re ; i s  of  preceding resorption. 
'l':il~lc! 2 is :I t:ibiilatioii of 21 previously reported c:ises of 

intr:~:iIveol:ir root fractures ex:i~iiined liistologic~tlly. 

to 130 days. 




