
BEHAVIOR OF MALASSEZ’ EPITHELIAL RESTS 
DURING ORTHODONTIC TOOTH MOVEMENT 
bY 

K A A I ~ E  REITAN 

It is generally assumed that  epithelial cells of the periodontal 
menibr:ine were first described by Mrilassez (1885). This state- 
ment is only partly correct. Prior to Malassez’ first articles cpi- 
thelial cells of the periodontal membrane had been described in 
other publications. 

The term ”epithelial rests” was probably first used by Serres 
(1817), who nienlions ”restes de l ’ o r p i e  de l’einail”. Mnlassez 
alniost invariably applies the term debris or ”aiiias”. In addition, 
Serres was i m r e  or less swart. of their persistence in adults, 
since he stales that ”:itropliy of these cells does not :iIways result 
in their complete disappear:ince”. 111 subsequent studies by histo- 
logists such a s  Kiillikcr (1852, 18ti7), Lcgros & M n g i t o t  (1879) 
and others, it w:is always iiiaintnined that epithelial cells would 
atrophy and were absent in the adult supporting structures. 
Hence credit must be given to .Wtrln.ssc~z for having proved once 
and for a l l  that epithelial rests persist even in the adult perio- 
don t a 1 I iie 111 b r a m .  

Shortly after ,IlaZas.scz’ first puItlic:ition, and even up to  our  
time, n great iiiany articles have :ippe:lrerl concerning the origin, 
distrihution, and possible function of epithelial rests, u. Brnnn 
( 1887), 3Zltrck (1887, 1899). Whilc most authors consider the epi- 
theliiil rests as remnants of Hertwig’s epithelial root sheath, there 
has been soiiie disngreement a s  to their rlistrihution and function. 
Serrcs (1817) considered epithelial chords in the marginal region 
a s  glandular organs, structures which were later on termed 



K A A l W  RIS ITA N 4 11 

"gl:iiids of Serres" by Strlfar (18741. According to h'o;/r.s I!C30), 
soltie of thcsc "glands" were probably formed by downgrowth of 
epithelial strmds in :I iiiarginal tissue undergoing pathologic 
changes. AS pointed out 1)y Ltrrtschnaidrr (1929), one nlust dis- 
tioguish hetween the epithelial reinnants located in  the supr:i- 
alveolar tissue and those seen adjacent to tlie root surface. Ac- 
cording to our present-d:iy view, it is  prini:irily these latter cell\ 
tli:rt s h o u l d  be considered :is epithelial rests o f  M' 'I 1 assez. 

Since the  epithelial cells along the root surface are reinnants 
o f  tlic deeiwst portion of Hertwig's epithelial root sheath, in:iny 
:iuthors find it quite n:tturaI that  soiiie cell clusters may be l c f l  
hehind during growth and eruption of teeth. Orhan (1  926 ) ,  Hi-  
p i i i  (1 932 ) ,  nnci "lZ(>!/er i 1932) have described epithelial cvlls 
which w ~ r c  located in iiiarrow spaces or in  the nerve caIi:ils of  
tlie h i i e  at :I consider:ihle distance froni the root concerned. 

On the other hund, a s  shown in several textbooks and article\, 
t:rngcnti:il sections close to the root surface reveal that  :I net-like 
arixngcinent exists, Jfuininer!/  (1921), N(J:/'.S (1930), B r u s s f  
( 1932),  Pischrr (1932), J l f y e r  (1932),  Orhrrn (1944), I,& d;- 
Il'rrtprhcrirg ( 1981 ). l'liis network has  been considered the final 
:irr:ingeinent of the epithelial rests around the  root following pro- 
lifcration o f  connective tissue, forination of cenientuiu :ind func- 
tional organization of the supporting fibers. 

Z+'ischrr (1  932) WIS of the opinion that  it would he tlifficul t to 
cletiionstrale such an epithelial network around all liuiuan teeth, 
:rntl t h t  this network prob:ibIy did iiot exist in all cases. He 
foutitl  thnL :I net-like arr:ingeineiit could be produced much more 
rc:itlily I)y tnngential sectioning of teeth taken from aniinals such 
;IS c a t s  :tiid sheep. He also found that  epithelial rests were inore 
ii i i i i icrous in the marginal and in the apic:il region. This  1:isl 
observ:ition would explain how epithelial cells c:in occ:isionnlly be 
cnclosed in the root c:tnal during forniation of the apical portion 
of t hr root (Orbrrn 1928 1. 

Most :iuthors agree tha t  the  incidence of epithelial rests c l c b -  
creases with increasing age. This  also applies to :ininial \true- 
ttrres ( IYenfz, TVrinmunn & Schonr 1950). In their inateri:iI, coiti- 

prisiiig the iiio1:tr region of 103 rats, these authors obser\ed Ilirec 
morphological types : 1 ) n siiiall resting type, 2)  :I 1)roliter:iting 
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type, and 3 )  a differentiating type. As to the prevalence in  the 
rat, i t  was found that 53 of 105 specimens showed the presence 
of epithelial rests. 

Several authors have stated that, apart from the epithelial cells 
observed in the in:irrow spaces, the epithelial remnants, under 
normal conditions, would be located somewhat differently in rela- 
tion to the root surface. Malassez pointed out that epithelial cells 
could be observed fairly close to the alveolar bone surface in 
adults. Simi1:ir observations have been made by Orban (1926) 
and illeyer (1932).  As shown by Gottlieb (1921) degenerated epi- 
thelial cells may, under certain conditions, be incorporated in 
cementuni layers, notably in cases where the cementum appears 
in  the form of exostoses. Z J .  Rrtriin (1587) ,  Gottlieb (1921) and 
others described epithelial cells a s  related to formation of enamel 
pearls, most frequently observed in the niarginal region of the 
root and in bifurcations. Many authors have discussed the ten- 
dency to proliferation and growth of epithelial rests a s  :I result 
of pathologic changes in the periapical region (Nygnnrd  Osfby  
1939, 1944). 

The possibility of an  endocrine or glandular function of the 
epithelial reinnants has been discussed by Black (1887), Kobin- 
solin (192S),  and Iligcrki (1932). Very little is said in the current 
textbooks concerning the function of epithelial structures of the 
periodontal menihrnne. Most of the present-day authors consider 
epithelial rests as  reinnants of structures without any particular 
function. Wacrhaag (1958), and Loe & IYaerhaug (1961) were of 
the opinion that Malassez’ epithelial rests may act as some sort of 
protective system, to some extent preventing the root surface 
from being involved during resorptive changes. Their observa- 
tions, made in experimental studies on replantation of teeth, 
seemed to indicate that ”the epithelial rests of Malassez iiiay be :I 

factor in the limitation of root resorption in teeth replanted with 
vital periodontal nienibrane”. 

Up to the present, no  investigations on experimental tooth 
inovement have included a detailed study on the reaction of the 
epithelial rests of Malnssez. Their location and incidence have 
been mentioned more or less occasionally (Reitan 1951, 1953, 
1957, 1959). The purpose of the present study is primarily to  
describe the incidence and distribution of the epithelial reinnants 
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Table 1 

Epitlielitcl remnrrnfs of upper first premolars,  11 to 12 yeur old persons. O+ = 
fern; + = (I moderate number;  ++ = u lurge number; +++ = a uery large 
number.  I = round or oiiul f o r m ;  2 = cluster-like; .3 = strands; cl. = close; 

f .  c l .  = [ciirly close lo  the  root surface. Compure Fiys. 7 ,  8 ,  und 9. 
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FINDINGS 

The huiii:in control material revealed that one may distinguish 
between certain :irrungenients of cells. In the present classificn- 
tion three forms have been chosen as typical, notwithstanding the 
fact that there :ire niany variations or combinations of groups 
of cells. 

The three forms  :ire: (1) A pseudo-tubiil:ir, round or  oval form, 
Fig. 7 ;  ( 2 )  a cluster-like forin, Fig. 8; and ( 3 )  strands of epi- 
thelial cells, Fig. 9. The pseudo-tubular or round form prevailed 
in the supra-a1veol:ir tissue, Fig. 10. In the periodontal ~iieinbr:iiie 
all three forms were seen in nearly a11 cases, Fig. 11. Occasion- 
ally, long strands of  epithelial cells could be observed. 

Control material 

A s  seen froin Table I ,  there are to some extent individual vari- 
ations. There is :i large number of epithelial rests in No. 1 and 
only a moderate nuiiiber in No. 2, while there is a very large 
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nuinher in No. 6. O f  a l l  the 25 teeth only four h:id :I periodont:il 
iiieinhrane with :I very large number of epithelial rests, and then 
chiefly in the iiiidtlle region where long s t rands were located riiore 
or less p r a l l e l  t o  the root surf:ice. I n  generul, there w a s  aI\o ;t 

gre:rter nuiiiber of cellular elements i n  the periodontal tissues of 
thew tour  teeth, than in most of the other cases. 

‘ l ’ h ~ ~  form of the epitlielinl rests, :ks observed in  the sections, 
w:is  frequently w r y i n g .  T h e  so-called pseudo-tuhulnr or round 
1 or111 pi.ev:iiIeti in [he iiiargin:rl region. Thcre w a s  no1 inuch \ :iri- 
: i I i o n  mitli regard t o  the distribution of the cpitlielial cells. ‘I‘hcy 
wl’rt’ seen 1:iirly close or close to the root surface. Nowhere could 
cj)ithelinl rests be observed in the middle of the pcriotlontnl i i i t ’ in-  

1)r:ine or clow l o  the hone surf:ice. 
N o  speci:il :ittempt was inatle to detect a network forin:ilion. 

, such a network, or parts of  it, could be o1)servetil i n  
the 1)eriotlont:il ineinbrane adjacent to 1 3  roots o f  the control 
i i i : i ter i : i I .  I~seutlo-t~ibul:ir or round epithelial rests of t h e  \upra- 
:ilveol:ir tis\ue wcre found in 10 cases, Fig. 1 0 .  

’I’here wcre in general fewer epithe1i:il renmints  in  :ireas :id- 
jncrnt to the I)ifurc:ition of the roots than in other :ireas ol‘ the 
pcriodont:il incinbraiie. Only in  om instance w a s  ;I  strand of  cpi- 
thclial c e l l s  s o  :irr:inged in the bifurcation area that  there could 
Ii:ive been forination of :in en:imel pearl, Fig. 12. 

In Jlnltrs.sc*z’ original illustrations some of the epithelial strands 
wvcre no1 1oc:itetl quite parallel to the root surface, but forin :i 

i i iorc  or  less :rcutc angle with l h e  latter, Fig. 9. ‘I’his :irr:ingeinent 
- -  st>\ei.:il u1r:inds with one end turned away froin the  root sur- 
f:icc - w a s  inore inarlted in \even o f  the  cases es:iinined th:in in  
the others. 

. l t l t r l t  s i rppor l ing  t;.ssrrr~s. 1Sxnmin:ition o f  the control mutcri:il 
of the three adult  series-patients :iged 35 t o  40 ye:irs-- revcaletl 
t ha t  there were fewer epithelial rests in  the 1)eriodoiital ii1eiii- 

hrane :inti, in general, connectivc tissue cells of the fibrocyte type.  
( :( 1 1  11 1 ):i r e  ti with :I ny con t 1-01 se r i e s of young tissue s the oh se r v:i- 
l ion  of epilhe1i:il remnants adjacent t o  the root of one upper \)re- 
iiio1:ir is fairly representative of the whole :idult series, T;ible 2. 

I n  lhe adult  tissues the epithelial rests were few, well sp:icctl 
:ind iii:iinIy of the round type or strands.  Proliferation and 
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Table 2 

Epithel ial  renincmts adjacent  to root  of upper  f i r s t  premolar ,  37 year  old 
person.  0 + = f e w ;  1 = round or ounl f o r m ;  3 = slrcirids; c l .  = close lo  

the  root  s u r f m e .  

449 

1 

2 

3 

thickening of single strands could be observed, Fig. 13. In spite 
of this seeming lack of epithelial rests, part of a network could 
be observed in tangential sections, Fig. 14. Occasionally, layers 
of epithelial cells adhering to  the root surface were found, Fig. 15. 
Several cementicles were observed which could have been formed 
around degenerated epithelial cells. 

Epithelial rests in the dog. A marked difference could he noted 
with regard to  the incidence and distribution of  epithe1i:rl rein- 
nants in the dog as coinpared with human structures. For com- 
parison, the number, form and location of epithelial cells in  four 
animals, 31 months old, are listed in Table 3. The teeth, upper 
central incisors, were cut longitudinally. As compared with Table 
1, the epithelial rests adjacent to the roots of the dog teeth were 
few, although some variations could be noted. Thus, there are 
inore epithelial rests in animal No. 4 than in the others. The 
supra-alveolar cells, described in the human material, could be 
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Epithelitrl remnnnts  of upper incisors  in the  dog .  + = cz moderate  n irmber;  
0 + = f e w ;  00 + = st i l l  feiner; 1 = roiznd or o i m l  f o r m ;  2 = clii.\ter-lil;e; 

d i s t .  = (it s o m e  dis tance from the root  sizrface; f x l .  = fn ir ly  c lose;  
c l .  = close.  
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ol)servetl, Fig. 19, hu t  there were other strands of eyithelinl cells 
i n  the supr:t-:ilveolar tissue, especi:rlly adjacent to lower front 
Ieetli. I n  tlie periodontal tiieiiibrane very fern strands of  epithelial 
wlls w e i ~  found. Types no. 1 :ind 2 prerailed, Figs. 17  and 35.  
'I'hcse cell groups were located close or fairly close to  the root 
s iir f :i c e ~ 

I n  cross-sections of tlie tn:irgin:il region epitheli:tl rests were 
occ.:ision:illy observed in the middle of  the periodonhl iiieiiikmne, 

t)ul not close l o  tlie bone surface, Fig. 32. 'I'liese round cell groups 
m:iy I1:rve beeti cross-sections of single strands. In Fig. 18 Iiu tii:in 

cl)itlirli:>l rests :ire shown for coinparison. N o  definite network 
fortnation was found in the series listed in Table 3 ,  but short 
strands were observed in  tangential sections. 

Epilhclitrl w s t s  in tlir nrctigkeg. Teeth with supporting struc- 
turcs  of four aniiii:ils were examined. The epithelial rests wcxre, 
:IS ;I rule, o f  tlie round foriu anti, generally, larger than in the 
dog. l h e r c  were few or :i moderate nuinber of epithrlial rests :is 

c o t 1 i 1); I red with h uiii a n tissues. Epi t h el ia 1 re s l  s in t 11 e s 11 1) r:i- 
:iI\(~ol:tr tissues were absent in ninny sections. The  epit1ieli:il cells 
i n  l l ie pctiodontal iiieiiibrane were situated close or fairly close 
to f he root s u r f x e ,  but  vari:itions could be o1)serwd. Around the 
apical cntl o f  the root, well spiced cell groups, chiefly round,  were 
ok)scrved. I n  bifurcations of the tnolar roots spaces in w1iic.h 
e w a  iiicl p w r l s  1ii:ry have been formed were occasioixilly seen \uh- 
j:iccnt to :I layer of epithelial cells. 

Experimental material 

Evaluation o f  any changes in the  incidence and location o f  c y i -  
thclial rests around teetli iiioved ortliodonticdly w a s  1):ised oti :I 
c*onil);irison with the, Cindings made in the control in:tteri:,l. 'l'hc 
ch:ingrs ohscrved on thc  1)ressure :inti tension sides o f  the root 
arc t l i w  u s s e d  sepa I Y I  tel) . 

A s  shown in earlier in\estig:itions, tissue changes on the pres- 
siti'e sitlr. tire, in the initi:il \[age i)f tooth uioyeiiient, inl'luenced by 
tlir n:irtwwncss of the  periodontal iiiei1ibr:ine. Hy:tliniz:ition 111 

circiiiiiscrihed areas is inevitable i n  many cases, :is ohsei*ved h) 
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Fig. 1. Movement of human tooth with removable plate. A cell-free area 
existed on the pressure side from the fif th to  the eleventh day. 

Compare Fig. 21. 

ineasuring tooth movement a t  regular intervals. Cell-free areas, 
created by removable plates exerting n light force, will soon be 
eliiiiinated by :in indirect undermining resorption, Fig. 1 and Fig. 
21. When the force acts continuously, 1iy:ilinization may last 
longer -two to three weeks on the averxge-even if the force is 
sm:i11. This applies to a tipping and :i rotating niovement. 

It lias been shown that a parallel or bodily iiioveinent may, 
under idea1 conditions, result in the absence of hyalinized areas, 
(Reiltrn 1947). In practice, however, due to the narrowness of the 
periodontal inembr:ine, various Inechanical conditions and not- 
ably the inagnitude of force, a cell-free area is frequently created 
in the initial stage. This is quite coiiiii1on when teeth are retract- 
ed hy nieiins of sectional arches, Fig. 2. What  in mechanics is 
termed a couple is set up, by which the root is slightly tipped, a 
nioveiiient frequently leading to forination of pressure areas. In 
a bodily tooth iiioveinent hyalinization occurs approxiniately 
between the marginal and middle regions, because the periodontal 
membrane is narrowest in that area. At the same time direct bone 
resorption takes place in areas corresponding to the remaining 
middle and apical reb’ <$ions. 

When the cell-free area has been undermined, space has  also 
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1)ecn created by direct bone resorption in  the middle iind apic:il 
i.cgioris, whereby the whole tooth iiioves bodily. As ii result 0 1  
incre:ised resistance from stretched fibers on the tension side, 
fur ther  mowinent  causes chiefly u direct bone resorption. Thus, 
in the initi:il stage, including bodily tooth movement, there are 

+ 
Vig. 2, illustrating location of thc hyaliniscd area o n  t h e  pre\suie  \ idc  of 

a n  init ial  hodily tooth movement, A .  

nc:irlg :iI\v:rys two types of reaction on the pressure side, 1iy:rlini- 
zation :inti  direct hone resorption. 

Coinp:irison with control areas may reveal what  happens to the 
epithelial rests in  :ireas undergoing direct bone resorption or 
hynlinization. In  addition, since the number o f  epithelial struc- 
tures is fairly ecp i l  on the  pressure and tension sides, i t  i s  p s -  
sihle to ohserve whether :I decrease in the nuiiiher of epithelial 
rests has occurred on the pressure side by co inp r ing  the two 
sides. 

Dirccf  bonr resorption h:ts no visible effect on the epithclinl 
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rests. In a human material it could be observed how the perio- 
dontal tissues were slightly compressed. The epithelial rests had 
been moved fairly close to the ceiiientoblast chain of the root sur- 
face, Fig. 20. Apart froin this slight displacement, caused by a gen- 
eral compression of the periodontal tissues, observation of a large 
number of sections revealed that no perceptible changes occur. 
Even i f  the experiiiiental tooth had been moved several milli- 
meters, there was always a row of epithelial cells along the root 
surface on the pressure side, provided there had been a direct 
bone resorption. 

In cases in which the experimental tooth had been retained, 
the epithelial rests had resumed a position similar to that ob- 
served in corresponding areas of the control tooth. 

Hyalinization of periodontal fibers alIiiost invariably causes 
atrophy of epithelial rests by which the cells degenerate and 
finally disappear. The existence of a hyalinized area as  well as 
its duration, could be controlled by measuring the nioveiiient of 
the experimental tooth, Fig. 1. If the tooth with supporting tissues 
was removed after the hyalinized tissue had disappeared, sub- 
sequent examination of the sections revealed that  there was a 
lncli of epithelial rests in a circumscribed area, frequently located 
in the marginal region or between the marginal and middle 
regions, Fig. 21. Comparison with control areas showed that  there 
had been a fairly great number of epithelial rests prior to the 
hyalinization. 

It was found that, during hyalinization, osteoblasts and other 
connective tissue cells would disappear quite soon. Degenerated 
epithelial cells, on the contrary, would persist for some time in 
the hyalinized area, Figs. 22 arid 24. When the undermining re- 
sorption was completed, the epithelial rests did not reappear. 
This  was observed in experiiiients on relapse and reversed tooth 
movement. It was shown that coiiipression of the periodontal 
fibers for a period of eight days would eliminate cellular elements 
in a circumscribed area, Fig. 25. When the tooth was moved away 
froiii the pressure side, new connective tissue cells would soon 
reappear. This reorganization of the hyalinized area by fornia- 
tion of new cellular elellienis was usually completed within a 
period of two to three weelis. The epithelial rests disappeared 
and remained absent in the formerly hyalinized area, Fig. 26. 
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Root resorption. In the present human material comprising 40 
p t i e n t s  (esperinients conducted with forces ranging fro111 30 to 
70 g ;  dur:itioIi u p  to eight weelis) root resorption did occi~r ortly 
occasio1i:illg. T h e  rxperinientul teeth were either tipped 01. 111ove.d 
hotlily. In other types of tooth mowiiieiit, such :IS lotation of 
teeth in thc dog, root resorplion occurred quite frequently :in(], ;IS 

in the huni:in material, :ilways in conj unction with hyi1iniz:ition 

Fig. 3.  Pcrsi\titig h y a l i i i i ~ e d  area a t  A ;  area S \howr> i n  Fig. 28. 
Cotitiriuous tipping m o \ e m c n t  ot f i n t  l o n e r  prcmolar in tlic dog;  duration 

of 11 y a 1 i t i  iza t io 11 11 early f ortl day 5 .  

of periodont:il fibers. The periodontnl i i ie i i ihine :idj acent to the 
resorbed area, showed the absence o f  epithelial rests, Fig. 27. 

Bodily iiioveiiient ol’ teeth, conducted for seyeral months with 
forces around 60 to 7 0  g, w:is :~ssoci:iled with root surfaces exhi- 
biting surprisingly few and quite superficial root resorptions. 
‘I’liere w:is a1w:iys a lack o f  epithelial rests close to  the resorbed 
:I re :I. 

Root resorptions in the 1ii:ir~iii:il region were observed follow- 
ing tipping of front teeth in  the dog with forces ranging up to 
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300 g. There was a considerable hyalinization in  the marginal as 
well :IS in the apical region, but no resorptions were observed 
along the apical root surface. The two areas varied with regard to  
the width of the periodontal nienibrane, which was wider in the 
apical area, and also with regard to the cementum, which was 
I H I I C ~  thicker in the a p i d  portion of the root. Comparison with 
control areas revealed that the number of epithelial rests in the 
marginal and apical regions had been fairly equal. Ahscnce of 
epithelial rests was observed in  the periodontal tissue adjacent 
to the marginal root resorption as well as adjacent to the for- 
nierly hyalinized area of the apical region. 

A first lower premolar in the dog m7:ts tipped niesially for a 
period of 40 days with a force of 40 g, Fig. 3. Because of the den- 
sity of the bone, the inarginal hyalinized area persisted during 
that period, while root resorptions were observed in the apical 
area where the periodontal nieinbrane was fairly narrow. Epi- 
thelial rests were absent in the resorbed areas, Fig. 28. 

Eprthel i tc l  rests on the tension s ide 

The changes observed on the tension side of the experimental 
teeth showed that the periodontal fibers would be more or less 
stretched, according to the way the tooth movement had been 
performed. This stretching was especially marlied in experiments 
on rotation of teeth as  well as  after a rapid tipping movement, 
Fig. 90. Stretching of fiber bundles also occurred following :I 

bodily tooth nioveiiient of some duration. 
In  experiments conducted with removable plates (duration from 

thrce days to three weelis) no perceptible displacement of epi- 
thelial cells was found. Their form and arrangement did not vary 
from that observed in the corresponding control areas, Fig. 18. Nor 
were the periodontal fibers on the tension side much stretched as 
compared with fibers having been subjected to  a continuous 
tooth movement. 

tipping moveinent performed with continuous forces, some 
coinpression of epithelial rests between stretched fiber bundles 
w a s  observed. This compression was fairly proportional t o  the 
distance the tooth was moved. A t  the same time some of the epi- 
thelial rests on the tension side had been moved slightly away 
from the root surface. 

In  

41 - Actn odont .  Scnnd. V o l .  19 
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A siniilar coinpression of epithelial rests was found following 
rot:itioii of teeth, Fig. 29, notably where the experiinentd looth 
\ \as rotated 111) to 80 or 90°, Fig. 30. Since experiments on  rotu- 
tion mere conducted in the dog, a varying location of epithelial 
cells was found in the in:rrginal region, where these cell groups 
\wrc often located at seine distance iroiii the root surface. It is 

+ 
Pig. 1, illustratiiig location of hyaliiiized areas, A anti R,  as a result 0 1  
~ ~ l n p s c  of  the t o o t h  moveti. This tooth had pwyiously been moved \vil l i  :I 

coiitinuous force i n  $1 Ij11gual direction and was then re1c:isetl. 

que\tionnhle, howeyer, whether the epithelial cells in Fig. 32 
\\'ere really moved away froin the root surface as a result of the 
pull exerted hy stretched fiber bundles. This may have been their 
original location prior to the experiment, or they iiiay have been 
only slightly moved. On the other hand, where they appeared 
coinpressed between stretched fiber bundles, this was definitely 
an  effect elicited by the tooth movement. Orientation of epithelial 
strands parallel to stretched fiber bundles was occasionally ob- 
served 011 the tension side of adult teeth, Fig. 31. 
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Relapse,  i.e. iiioveinent of the experimental tooth towards the 
tension side, occurs in nearly all types of tooth niovenient, es- 
pecially when the tooth is suddenly released, less so after a reten- 
tion period. It has  been shown that the degree of relapse is mark- 
ed when the experimental tooth is released after being moved 
through a great distance during :i short period of time. This 
reactive movement, caused by contraction of stretched fiber 
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Pig. 3 .  Continuous movement wi th  l igh t  continuous force and  subsequent 
relapse of an upper first liuman premolar. Duration of movcincnt seventeen 

days; rclnpsc measured during ciglitecn hours. 

I l , l l , , , l , , l , , , , , l  

bundles, is frequently strong enough to produce cell-free areas on 
the tension side. The result of this compression may lead to  
atrophy and degeneration of epithelial rests in circumscribed 
areas of the inarginal and apical regions, Fig. 4. 

Apart froin these changes observed in the hyalinized areas, a 
sudden release of the tooth moved may result in a displacement 
of epithelial rests on the tension side. This was noted in  experi- 
ments in which the appliances were removed after a rapid tip- 
ping niovement of upper second incisors in the dog. 

The degree of relapse of one human preniolar is illustrated in 
Fig. 5. Measurements of the distance through which the tooth 
had relapsed, showed that a considerable movement towards the 
tension side occurred shortly after the tooth was released. Ex- 
amination of the sections disclosed that the epithelial rests had 
moved close to the root surface. In some animal experiments, they 
were even partly embedded in the ceiiientoid layer, Fig. 33. This 

12 - dcttc odorit. Sccind. V o l .  19 



inoveiiient of epithelial cells towards the root siirface w:i\ only 
noted in cases where the experiinental tooth had relnpsed, not i n  
C:ISCS where the tooth hati been retained f o r  a certain period of 
time. Eyidence of  epithelial rests being permanently enclosed i n  
:I ceinentoiti layer W:IS observed, hut only in two :ininla1 series of 
the whole innteri:il. 

'I'lie control inaterinl of this study sIiow\ that hlalnssez' epi- 
I1ieli:il rcsts are inore numerous in 11 to 12 year old children than 
in adults. Coiiipwed with young huinan structures, epithclid 
rests in  dogs anti inonlteys :ire in general less niiiiierous :tnd 
niostly wen a s  round or o\al cell groups. The long strands ob- 
served in the human innterial iii:iy indicate that :I network exi 
'l'hc classification of epithelial rests-round, cluster-like :mtl 
strands-applied in this study, can only be reg:irdetl nu :I inelhod 
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for  description of what is typical in the particular sections 
ex:iniined. Some of the round or  oval cell groups were obviously 
cross-sections of strands, notably those seen in the middle and 
apical re&’ lions. 

That  the epithelial rests in the dog were coniparatively few 
and only occasionally seen in the form of strands in the middle 
and  :ipical regions, does not exclude the existence of a network 
in that animal. It illustrates, however, that there are certain ana- 
tomical differences between aniinal and human structures. The  
great number of epithelial rests observed in the young huiiian 
periodontal nieinbrane and their regular arrangement tend to 
facilitate observations of possible changes in  the number and 
location of epithelial rests in an  experimental material. 

Measuring the location of epithelial rests on the tension side in 
the aninial experiments would have led to erroneous conclusions, 
if the findings had not been coinpared with those of control areas. 
Compression of epithelial cell groups between fiber bundles was 
noted in experiments on rotation of teeth, Fig. 30. However, the 
cell groups in the inarginal region observed at some distance 
froin the root surface, were probably only slightly displaced, 
Fig. 3 2 .  In  the human experiniental material very little displace- 
ment of corresponding epithelial cells was found. 

The reason for this slight displacement of epithelial cells on 
the tension side can be explained by exaiiiining what happens to 
the periodontal fibers during tooth movement. If the periodontal 
fibers are subjected to stretching, a n  elongation will occur by 
soiiie sort of a sliding movement or a rearrangement of single 
fibers within the bundle (Sicher 1923, 1942). There is nothing to 
prove that this elongation takes place close to  the root surface. 
I t  is more likely that it occurs in the proliferation zone situated 
at  sonie distance from the bone surface, Fig. 11. In  this zone a 
great many fibrils are  seen surrounded by fibroblasts, some of 
which undergo mitotic cell division. In  support of this conclusion 
one may also observe that epithelial cells remain close to  the root 
surface even if the experiinentd tooth is moved through a dis- 
tance of several millimeters. The fiber bundles elongate and the 
cellular elements along the root surface move with the tooth. 

The tissue reaction observed on the pressure side of animal 
teeth, was in  many respects siiiiilar to that observed in human 
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structure\ ,  but there were also certain differences. It was she\\ 11 
in l h e  present investigation that epithelial cells on the pressure 
side remained close t o  the bone surface as long a s  there \\:IS :I 

c i i i w l  b o n e  resorption, Fig. 20. Jhiring 1iyaliniz:ition se\-er:il epi- 
thclial cells were perliiaiiently lost. In  the huinan periotiont:iL 
incni1)r:ine reninining epithelial rests were observed close l o  thc 
foriiierly hyalinized tissue, Fig. 22. 

In t he  :iniiiial slructures coinp:ir:iti\ely few epithe1i:il i ~ i i i n : i ~ i t s  

hat1 k e n  lost during hy:iliniznlioii. They mere frequently \I e l l  
s p i c e d  Iirior to the  experiinent, a s  observed in control areas. Hcricc., 
:I\ s h o ~ v n  in Figs. 34 and 35 (direct bone resorption after :I short 
period of hy:ilinization) no more than two or three epit1ieli:il cell 
groups had been eliminated during hyalinization. Siiiii1:ir obwr- 
\-ations were made in tlie adult liuniaii inaterinl where the epi- 
tliclial cells in tlie ii1:irginnl region were coniparalively few. After 
11 y :t 1 i n  izn t ion there I\- as a direct bone resorption. 

I n  t h e  experiiiient, i1lustr:ited by Figs. 3 and 28, several hytliniz- 
etl :ireas, followed by root resorptions, were forined successivcly 
lxcause a new compressed urea was foriiied :is soon a s  the  first 
one WIS e1iiiiin:itetl. Coinp:irison with control areas showed that 
epitht~lial cells were absent adj:ieent to the resorbed areas. If the 
lwriotlontal inciiibr:ine had been wider, there iiiight have heen :t 

direct bone resorption without any root resorption even it' there 
had been ;I short period of hyalinization. This explains why thrre 
;ire few root resorptions in :I Imdily tooth inoveiiient, i n  \vliicli 
the tlisp1;iceiiient of the root is largely controlled by stretched 
f'iljer h n t i l e s  on the tension side. 'l'here may he formation of 
liyalinized areas during the initial period of tooth movement, but 
ne\v connective tissue cells will soon invade the i'ornierly cell- 
free area. The tissue c1i:inges frequently continue :IS a direct bone 
resorption without any root resorption. 

'"liese observations show that such a favorable reaction c:tii 
hardly be compared with, for instance, the much more dr:r\tic 
tissue chmges following replantation of teeth (Loe di- Wrterhtrng 
1961). The periodontal nieinbrane, which may be considered :I 

highly specialized organ, remains normal all around the circu 111- 

scribed hyalinized area. The liyalinized tissue does not become 
necrotic. Connective tissue cells proliferate and capillaries regcne- 
rate from the surrounding tissue, but the epithelial rests reni:iin 
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absent. Absence of epithelial cells is, therefore, characteristic of a 
reorganized, formerly hyalinized, fibrous tissue on the pressure 
side and also of a resorptive process in the cementum and the 
dentin of thc tooth. 

I11 practice, other factors-such :is the duration of the move- 
men-must be taken into consideration. It has been found that 
there niay be formation of some hyaiinized areas, but in general 
only :I few shallow root resorptions, provided the tooth concerned 
is not moved for a period longer than a few months. When the 
tooth is moved more or less continuously for a much longer 
period, a progressive type of resorption m:iy start, frequently 
shortening the apical portion of the root. There is a sort of 
”tissue fatigue” not as  yet fully explained. Practice has  also shown 
that this type of apical resorption niay be avoided by appropriate 
rest periods during the treatment. To what extent epithelial 
rcnin:ints are preserved during such R prolonged tooth movement, 
is a problem for further investig, ‘ I  t’ ion. 

CONCLCSIONS 

The principal observations made in this study iiiay be suin- 
mnrized as  follows: 

(1 1 Epithelial rests are inore nunierous in the periodontal 
iiieiiibraiie of 11 to 12 year old children than in that of 35 to  40 
year old aduits. A n  epithelial network exists around all roots of 
which tangential sections could be obtained. 

(2)  In the dog the epithelial rests are less numerous than in 
11 to 12 year old children and are generally not observed in the 
forin of strands, but as  round or oval cell groups. Some of the 
epithelial rests in the iiiarginal region are normally located at  
soiiie distance froin the root surface. In the inonliey round or 
oval epithelial rests, slightly larger than those in the dog, prevail. 

( 3 )  On the tension side tooth nioveinent may result in  soiiie 
compression of epithelial cells between stretched fiber bundles, 
but the cells are moved only slightly away from the root surface. 
During direct bone resorption epithelial rests on the pressure side 
m o ~ e  slightly towards the root surface. 



( 4 ) Hy:iliniz:ition of periodontal fillers causes atrophy of cel- 
lul: i i ,  cleiiieiit s in :I circuiiiscribcct area whereby connective tis\ue 
cc.lls disappear rapidly, epithelial cells after a few d;rys. Piwlit'e- 
ration oi t'ibiwl)lasts and regeneration of capillaries start  a s  won 
:is I h e  suhjucent bone area is  reiiio\ed by underiiiining resor1)tion. 
The cpitheli:il cells of  the formerly hyalinized tissue do not re- 
:lp1)t'a r.  

( 5 ) Hy:i linization, during which epithelial re5ts a ~ i d  other cel- 
111 l :i r el e iii e n t s d i sappe :i r, wi l l :I l w :I y s lead to a n  u n der iii  i n i 11 g 
h i e  rewrption. I n  :I certain nuniber of cases root resorptions 
occur,  hut (p i l e  frequently the root surface reiiiains intact Iyhile 
lhe tissue rc:iction continues :is :I direct hone resorption. 

( (i) Epit1ieli:il rests were not observed in the periodontal iiiciii- 

I)r:int ac1j:icent to resorbed 1aciin:~e of the root suriace. 

SI'alJIAlZY 

Incidence and location o f  M:ilassez' epithelial rests in the perio- 
dontal iiiciiihrme of control teeth, upper first preiiio1:rrs l a l i e n  
f i w i i i  25 1 1 to 12 year old children, were exaiiiined. The findings 
were listed in :I table :inti compared with o1)serv:rtions o f  e1)i- 
thr4i:il rests in :itfults, and in (logs and inonkeys. It WIS found 
1h:rt epithelial rests in the periodontd tneiiibrane of  11 t o  12 
year old children were iiiore numerous than those in 3.5 to  40 ye:ir 
old adults. An epithelial networlc existed :iround al l  roots froiii 
which t:iiigeiiti:il sections could be obtained. The epithelial re\tq 
in t h c  dog were less nuinerous than those in 1 1  to  12 year old 
children and generally not ohserved in the foriii 0 1  strands, but 
:IS round o r  ov:iI cell groups. Some of the epithelial rests in the  
iiiarginnl region were norinally located a t  soiiie t1ist:incc l'roiii 

I h r  iwol surface. I n  the  inonkey round or ov:rl epitheli:il rests, 
sliglitlj larger th:in those in the dog, prev:iiletl. 

Epithelial rests in the 1xriodont:rl membrane of 40 1iuiii:in 
teeth. either tipped or i i i o \ ~ d  bodily, were examined. I n  addition, 
epithelial rests adjacent to teeth rotated, tipped or moved 1)otlily 
in the dog, were cx:iinined and comp:ired with those of the hiiiii:iii 
1ii:iterial. It :ippe:ired that  tooth inovement resulted in :I teiii- 
poi*:iry coinpression of  epithelial cells hetween stretched fiber 
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bundles on the tension side, but they were nioved only slightly 
away from the root surface. During direct bone resorption the 
epithelial rests on the pressure side wcre moved slightly towards 
the root surface. 

Hyalinizatioo of periodontal fibers causes atrophy of cellular 
elements in circumscribed areas by which connective tissue cells 
disappear rapidly, epithelial cells after a few days. Proliferation 
of fibroblasts and regeneration of capillaries from the surround- 
ing tissues start :is soon as the subjacent hone area is removed 
by undermining resorption. The epithelial cells of the formerly 
hyalinized tissue do not reappear. During hyalinization root re- 
sorptions occur in a certain number of cases, but, frequently, the 
root surface remains intact while the tissue reaction continues 
as  a direct bone resorption. Absence of Malassez’ epithelial rests 
is, therefore, characteristic of the reorganized, formerly hyali- 
nized, periodontal tissue on the pressure side, and also of the 
periodontal tissue adjacent to resorbed lacunae of the root sur- 
face. 

HIiSUhlIi 

COMPORTEMENT DES DBBRIS dPITHBLIAUX DE MALASSEZ PENDANT 
LES DBPLACEMENTS DENTAIRES ORTHODONTIQUES 

L’auteur a etudii. la presence et la localisation des dCbris Cpi- 
thCliaux de Malassez dans le desiiiodonte de dents de contrble, des 
premieres prCniolaires supkrieures provenant ck 25 enfants 3gCs 
de 11 h 12 ans. Les rCsultats ont 6tk yortks sur  un  tableau et 
cornparCs avec des observations sur les debris Cpithkliaux chez 
des  adultes et chez des chiens et des singes. Les debris CpithCliaux 
trouvCs duns le desniodonte chez les enfants de 11 B 12 ans Ctaient 
plus nonibreux que chez les adulles de 35 a 40 ans. Un riiseau 
6pitheIiaI existait autour de toutes les racines dont on w a i t  pu 
faire des coupes tangentielles. Les dkbris CpithCliaux chez les 
chiens etaient iiioins nombreux que chez les enfants de 11 h 12 
ans  et ne se presentaient en gCnCral pas sous fornie de cordons 
rnais coiiime des groupes cellulaires ronds ou ovales. Quelques 
uns des dCbris CpithCliaux de la region inarginale etaient nor- 
inaleiiient placks a quelque distance de la surface radiculaire. 
Chez le singe, il y avait prkdoiiiinance de dhbris CpithCliaux ronds 
ou ovales, lbgitrenient plus grands clue chez le chien. 



%rs.-\JlAIF:NFASSI’h’CI 

VEHHALTEN DER MALASSEZ”SCHEN EPITHELRESTE WAHKENI) IIER 
KIEFERORTHOPADISCHEN ZAHNBEWEGUNG 

1k i  25 clf- his zwiilfjiihrigen Kindern wurde die Hiiufiglieil und 
die Lok:ilis:ition tler h1:il:issez’schen Epitlielreste in der Wiirzel- 
J i  :I i t  t (1 e r obe rcx II erst e ii Pra e iii ol :i rcn un  t er  s tic 11 t . 
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Es wurden J’ergleiche iiber d:is Vorkommen der Epithelreste 
bei diesen Kindern und Erwachsenen, Hunden und Affen ange- 
stellt. Uabei konnte beobachtet werden, dass bei elf- und zwolf- 
jiihrigeii Kindern hiiufiger Epithelreste in der Wurzelhaut vor- 
koniinen als bei Erwachsenen iin Lebensalter zwischen 35 und 40 
dahren. 

Anhand von tangentialen Schnitten wurde festgestellt, dass ein 
epitheliales Netzwerli die M7urzelm rings uingibt. Bei Hunden tra- 
ten die Epithelreste nicht 50 hiiufig auf wie bei den Kindern, und 
zwar nicht S O  sehr in Form von Strangen, sondern niehr als runde 
oder ovale Zellgruppen. 

Alle Epithelreste in den inargilxden Abschnitten wareii in 
einein gewissen Abstand von der Wurzeloberfliiche angeordnet. 
Hei den Affen herrschten runde oder ovale Epithelreste vor, die 
etwas griiscer waren als die der Hunde. 

Die Epithelreste in der Wurzelhaut von vierzig menschlichen 
Zihnen, die entweder geliippt oder liijrperlich bewegt waren, 
wurden untersucht. Bei Hundeii lionnte festgestellt werden, dass 
die Epithelreste, die dein Zahn anliegen, bei einer Bewegung des 
Zahnes zugrunde gehen. Diese Beobachtung wurde rnit den Er- 
scheinungen an iiienschlicheiii Untersuchungsinaterial verglichen. 
Es hat den Anschein, dass bei der Bewegung der Zahne eine zeit- 
weilige Koiiipression der Epithelzellen zwischen den Faserbun- 
deln auf der Syannungsseite auftritt, sie bewegteii sich aber iiur 
wenig von der Wurzeloberflache weg. Bei Knochenresorption da- 
gegen bewegen sich die Epithelreste auf die Drucltseite zur M7ur- 
zeloberflache hin. 

Eine Atrophie der Zelleleiiiente in1 Bindegewebe wird durch 
Hyalinisierung der periodontalen Fasern ausgeliist, wobei die Bin- 
degewebszellen sehr schnell atrophieren, die Epithelzellen erst 
nach einigen Tagen. Fibroblasten und Kapillaren treten voiii uni- 
gebenden Gewebe aus ein, sobald der Knochen resorbiert ist. 1111 

hyalinisierten Gewebe treten Epithelzellen nicht wieder auf. Wah- 
rend der Hyalinisierung, bei der es zu unterininierenden Kilo- 
chenresorptionen kommt, werden auch Wurzelresorptionen be- 
obachtet. 

In vielen Fallen blieb die Wurzeloberflache intakt, trotz der 
sonst vorhandenen Bereitschaft zur Knochenresorption. 



It ES I' A1 E s 

(:OMPORT 4MIENTO DE LOS RESTOS ,EPITELIALES UE MALASSEZ 

Sc observti la incidenci:i y loc:ilizuci6ii de 10s restos epitcliales 
tie M:rl:tssez en lu nieiiil)r:inu periodontal de pritiieros pretiiolare\ 
cn dientes de control extraidos :I 25 nifios entre 11-12 :tilo\ de 
ct3:Id. 

I,os 1i:tll:izgos fueron registrados en  1iii:i t:ihl:i y couip:ira(Io\ 
coii observ;iciones redizadas de restos e1)iteliales de i\l:il:i\sr~ 
1i:ill:idos en adultos, perros y iiionos. 

Se encontr6 clue en 10s nifios entre 11- 12 aiios, era mayor el 
niitiiero tie r-estos epite1i:iles clue en adnltos entre 3 5  - 40 :ifios. 

Piido constatarse la existencia de u r i a  red epitelial :ilrededor t i t  

tot lns  las rakes ,  en Ins clue se consiguieron cortes t;ingenci:iles. 
T,os restos epitelinles encontrados en 10s perros fueron iiicIio\ 

niitiierosos clue en los nifios y en generd no se ol)serv:iroti en 
i o r i i t u  tie cordones, sino coiiio grupos celuhres  redont1e:idos il 
o\ :il:idos. 

Se loc:iliz:iron algunos restos epiteliales en la zona m:irgin:il ii 

ciert:i distancia de la superficie radicular. E n  el itiismo predoiiii- 
n:iron restos el)iteliales redoiideados u ovulados, ligeruniente iii5s 
grtintles quc 10s hullados en el perro. 

Se exaiiiinaron 10s restos epiteliales en la menibr:ina periodon- 
tal  de 40 tlientes liuinanos ;I 10s clue se les realiz6 u n  inovimiento 
total ti solo de inclinacihn. Se cornpar6 este inateri;il 1iuin:ino con 
los i ~ s t o s  epitelkiles :idy:icentes a dientes niovidos tot:ilinente 0 
in c lina do s en per r o s . 

Con10 consecuencia del nioviniiento dentario, result6 un:i coni- 
presi6n tetiilmrarin de las cklulns epitelinles c p e  se liallan elitre 
iaa hmidas de fibrns extendidas del lado de tensihn, pero solo 
fiicron inovidas ligerniiiente fuera de la superficie radiculnr. 

1)urante 1:i reabsorci6n 6sea directa 10s restos epiteliales en e l  

DURANTE EL MOVIMIENTO OKTODONCICO DE J,OS DIKNTES 
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lado de la presi6n fueron inovidos ligeraiiiente hacia la supcrficie 
radicular. 

La hial inizacih de las fibras periodontales causa atrofia de 10s 
elementos celulares en areas circunscriptas en las cuales 10s ele- 
mentos celulares del conectivo desaparecen rhpidamente, iiiientrns 
clue Ins  cklulas epiteliales lo hacen despubs de algunos dias. 

La proliferacibn fibroblhstica y regeneracibn capilar de 10s tej i- 
dos uecinos, coinienza tan pronto la zona de hueso subyacente es 
reiiioyido por reabsorcihn bsea socavnnte. Las cClulas epiteliales 
del tejido antes hialinizado no rcgeneran. 

I h r a n t e  la hial inizacih tieiie lugar una reabsorci6n 6sea soca- 
vante, y en cierto numero de casos, reabsorciones radiculares, 
p e w  frecuenteniente las superficies radiculares pernianecen in- 
tactas iiiientras la reacci6n tisular continua coiiio reabsorcion 
bsea directn. La ausencia de 10s restos epiteliales de Malassez, es 
por lo tanto caracteristiczi de reorganizacibn del anteriorinente 
tejido periodontal hialinizado del lado de la presidn y t a m b i h  del 
tejido periodontal adyacente a ia reabsorcibn lacunar en la super- 
ficie radicular. 
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PLATES 



Plate 1.  
I;ig. 7. l<ountl epithelial remnants, ni:irginal region, twclye year old pcrsoii. 
A, r o o t  sur lacc  15, rpit11clial rests, the upper  fairly close, Lhc lo\ver close to llic root 
surf:lcc. 

Fig. X. ClusLer-likc loi i n  of epitliclial re~nnants, B, close to the rooL aurfirce 

Fig. 9. .\dult 1 x 1  son. A,  str:uitl of epithelial cells. 13, aplaslie bone surface. 





Plate 2. 
Fig. 10. I3rImau material. A and T3, round epithelial rests in supra-alveolar tissue. 
C, cernentum close t o  the  cemenlo-enamel junction. 

I;ig. 11. 'I'welve year old person, tension side, coiitinuorls tooth movemenl fo r  tcii 
days. A ,  epilhelial strand in t h e  middle region of  root. 13, osteoitl. Arrow iiidicalcs 
proliferat ion zoiic with ostcoblasls and fibrob1;ists. 





Plate 3. 
Fig. 12. Eleven year old person. Bifurcation area shown a t  a in Fig. 6. Enarnel pear1 
in while  arcii below epithelial layer A. Cerrrento-enamel junction tlt U. Two epithelial 
rcriiiiarits indicated by arrow. 

Fig. 1.3. Adul t  tissue, middle region of root. A,  thickened epilhelial sll-antl , I % ,  
clu\ter of epillielial cells. 

Fig. 1 i. .\pprosirnately area e in Fig. 6. Par t  of epithelial network in adult person. 









Plate 5. 
1:ig. 17. .\rrows indicate round  epilhelial remnants  in four year old dog.  A. aplwslic 
I ) O l l C ~  SIIrlac'e. 

1:ig. 18. 'I'welve year old person, approxiinalely area d i n  1;ig. (i. 'Ieiision sitlc, 
looth moved for two weelts w i t h  activalor. X, cementum; 1 3 ,  epithelial remii:iiits; 
(;, border liiie I)etweeii oltl and I I C W  boiiv:  I), partly calcilictl I I ~ H '  bone furirietl 21s w 
result of looth inovernent. 

I ' ig  19. (;ross-sectioir of supra-alveolar tissue in dog, elevcii rnoiiths oltl. A ,  layer 
of epithelium. I < ,  cpitlielial rests. 





Plate 6 .  
Fig. 20. Adult tissue, approximately area e in Vig. 6. IXrect hone resorption with 
slight compression of periodontal membrane. <\, long strand of epitlielial cells. 13: 
cenientoblast. C ,  osteoclast. Continuous Looth movement. I hiralioti two wct.l\s. 

Fig. 21. Twelve year old person, rnarginal pressurc area soine time afler 1iy:rlini- 
zaLiori, b in 1;ig. 6. Movement oI tooth shown in t:ig. 1. Reorganized tissue, ildjacent 
to root surface a t  A,  reveals lack of epithclial rests. B, osteoclast. 





Plate 7. 
I'ig. 22.  I lu lr i : in  periotloiilal tissue follo\\-ing iiiitierrnining resorplioii, arva vorre- 
spoii(liiig ( 0  d j i i  I;ig. (i. A,  persisting tiegeneralctl epithelial rest a h v c  forn~ci . ly  
Iry~iliiiizctl (issue. 13, migratiiig ostcoclasls. 

1;ig. 23.  I.owrr rii:igiiiticutioii of sanie area. A,  persisting epillielial rest. I<clo\v st'\'- 
cral young coniieclive tissue cells. N o  cpithclial rests. 13, tliicct bone resorplioii. 
Nolc ostcocl:ists i n  ~nitltlle o l  periodontal iiicml>raiie. 





Plate 8. 
Fig. 2 t .  Iluniaii lissue, pressure area secii a t  b in Fig. ti. (:ontinuous force ti0 g, 
dural ion live tlays. 3lost connective tissue cells have disappeared. l’ersisl ing 
tlegciieratcd epit hclial st rand at -\. I3elow degenerated cluster-like epitliclial rests. 

Fig. 25. Initial stage 01‘ reversed too th  movement  following continuous pressure 
lor eight tlays. I.ack of epithelial cells adjacent t o  root surlace i\. 13, osteoclcists. 
;\rrow iridicates cell prolifera tioii from surrounding tissue. 

l’ig. 26. Later sI age of cell proliferation, (:eiitcr of hyaliiiizetl tissue was lorcitctl a t  
,.\. 1%. pcrsistiiig untleririining resorption. 

l:ig. 27. 1 iicitleiital finding. H u m a n  tissue. Shallow resorbed area of root surface, 
tlur:iliori of inovcriieiil I hree weeks. h ;mtl 15 osteoclasls. N o  epithelial rcsls in 
ad]acen t pci iodoiital tissue. 





Plate 9. 
Fig. 28. .4niiiial inalerial, area sliowi at S Fig. 3 .  i1rrou.s intlicatc round epithelial 
reiiiiiairts. So cpithe1i:il rests atljacmit L o  rcsorbetl areas 1 ,  2, :mtl 3 .  1 1 1  periotloiit:il 
rirc~ril~ranc several (lurk capillaries. 

Fig. 29, (:ross-scclion 01' root  in  l l i c  (log. l'ensioii side of r o l a t r t l  tooth. l<~)itliclial 
rtxsls, .\, slighlly cotiipressctl het\vcen fiber bundles. ,\long tfir root surface Ihick 
ccnrciiloitl layer. 





Plate 10. 
1,'ig. 30. Cross-section of rotated tooth ant1 proximal tooth in the dog. C:apillnrics 
and epithelial rests, A ,  flattenet1 between fiber bundles. 13, epithelial rest atljaccnt 
to proximal root, C. Intcrnietliatc layer, I ) .  

Fig. 31. Adul t  tiuniari tissue, initial tooth niovenicnt, tcnsion sitle, aregi a p l ) r o \ -  
iirialely coricsponcting to  d in I'ig. 6. Several cpithelial rests along the root surhcc .  
'1, ?[)it helial s t rant l  displacetl ant1 slighlly compressed bclween fiber buntlles. I < .  
:il)lastic bone surface. 





Plate 11. 

l;ig. 3 2 .  H o l a t c t l  loolli,  marginal region. Stretched fiber bundles, ,\. RCI(IW np11t'r 
:irr(iw three epitlielial rests, neither tlisplaretl nor c o ~ l ~ p r ~ s s e t l .  .ibove lower arrow 
t hrce epithrlial rests slightly cornpressetl. 

Fig. 33.  Abore, cross-section of  relapsed tooth. 'Two epithelial rests close 1 0  Lhr 
roo1 s i i rk ice .  The epithelial rernn;nil at A is partly etnbetltletl in cemcntoitl Iapct~. 





Plate 12. 

Fig. 31. 1)irect bone resorption following liyalinization. r\rrow indicates center ol 
formerly hyalinizetl tissue. A,  one of the  three remaining epithelial rests. 13, oaleo- 
c.lasts. 

Fig 3.5. 
iemnant\ iii the dog. 13, one of Lhiee well spaced epithelial rests. 

(hrrespontlitig area of control tooth. Normal distribution oi epithelial 






