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ULTRASTRUCTURAL CELLULAR REACTIONS 
I N  PRESSURE ZONES OF RAT MOLAR PERIODONTIUM 
INCIDENT T O  ORTHODONTIC TOOTH MOVEMENT 

P E R  RYGII 

Changes in the cells of the periodontal ligament of teeth subjected to orthodontic forces have 
been described. The purpose of the present study was to characterize these changes at the 
ultrastructural level. In 67 rats, maxillary first molars were moved buccally by means of 
fixed appliances rxerting forces of 5-25 g. Animals were sacrificed after periods of 30 min 
to 28 days. The experimental teeth with surrounding periodontal tissues were removed and 
processed for electron microscopy. Cellular changes not involving the nucleus, such as dilation 
of the endoplasmic reticulum and moderate swelling of mitochondria occurred within 30 min 
of force application. After 2 hrs, this cellular swelling was marked. Large vacuoles had formed 
in the cytoplasm, and the mitochondria frequently revealed considerable enlargement. More 
advanced degradation of cellular components was observed after experimental periods of 
2 hrs or more. Rupture of the cell membrane had frequently occurred leaving isolated nuclei 
in \arious stages of decomposition. 

It seems that hyalinization involves severe injuries of fibroblasts and other connective 
tissue cells, resulting in cell death. However, necrosis was limited to circumscribed areas 
in the periodontal ligament. Dispersed globuli and nuclear fragments were occasionally 
observed within hyaliniAed zones at 2-7 days. Regenerative processes were prevailing in 
the 7-28 days specimens. 

The sequence of changes which occur in the periodontal ligament of teeth 
subjected to orthodontic forces has been studied extensively with the light 
microscope. Seventy y-ears ago Sandstedt (1940, 1905) observed development 
of cell-free, structurelees zones on the pressure side, areas he described as 
sclerotic. The observation that these zones appear as a glasslike, confluent 
mass, resembling hyaline cartilage in hematoxylin eosin-stained sections, 
has led to the use of the term hyalinization of periodontal tissues (Schwarz, 
1932; Skillen & Reitan, 1940; Oppenheim, 1942; Macapanpan, Weinmann 
& Brodie, 1954). Similar cell-free zones may even occur during physiological 
migration of teeth (Kronfeld & Veinmann, 1940). 
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Arrorclirig to the pres ious stiidiei, the first indication of hydlinlzation 
I onki5t- iri increased baiopliilia diul ‘1 shrinlage of cell nuclei, pyltno+, a. 
coniprewd coll‘igen fibers gratlnally unite into ‘1 more or 1e\s cell-frw ina5i .  

The. fillers tcri(1 to hecoiiir ina.ked arid c.oiiflueiit with the aiirrouririing 
groiiiid -uhytance (RtJztan, 1969). 

Ajwt  froiti recent reports on iiltrastructur‘il vascular changes in liydlinized 
/one< (12ygh, 1972; Rygh iY- Sclvzg, 1973), the electron inicroicol)cs tloei not 
+eni to ha1 e been applied to tlie s tudy of tissue reactions incident to ortho- 
cloii~ic tooth rrioleerrient. 

T l i c  o l w r i  atiori that a certain degree of hyalinimtioii n i u b t  be expec-ttd 
i r i  all cliriical ort hodoiltic M orli (Xeztan, 1969), dependent iipoii ,iiiatoinical 
( lia-‘icteri+tic.i arid magnitude of force, indicates that a further anal! 4 5  of thr 
tlcvc l o p e n t  aiid fine ztriicturr of h j  aliniyed zones might irriprovv thc .  
iinclerit~ititling of ti\sue reactions iricidcnt t o  tooth inoi einent. 

111c I)iirpobc o f  the present investigation mas to charactcrize at t h y  ultra- 
ktriict rirdl I f , T  el t h  crllular changes in orthodontic pressure zories, t(J e-t,ihli.Ii 

lirtlirr a partiwlar pattern of cellular reiponse ewstq, arid to clcterminc 
the riltirnate fate of the altercd conriecti\e tissue tells. 

Uuring the prwess of h) aliniyatiori two yeparate phasci can I)e cliktin- 
guiihetl : 1) a n  init id period, char,ictrrized by cellular degraclatioii mcl 
n i ~ . ~ ~ i n g  of fibers, and  2) a secondary period, cliaracterizrd by rcpair arid 
rt\>tit ntion. The present report deals with the initial period. 

‘ r h  r‘it wds clioien as the eupcriniental model, as this animal ha5 proved 
l o  1 ) ~   ell 4 t e d  for studies of tooth niowment. Recause of thc rniririte 
ilirnensions, thin section5 1% hich iricliitlrd the root surface, t he p r iodon td  
ligmiciit and the alveolar bone could be studied in thc electron niirro+( ope, 
t I i i i 5  wciiring orientation within the ipecimeii. 

4 groitp of untreated ,ininials was also included in the study. 1Mcieiic P 

t o  tlicl noririal r,it molar periodoiitiuiii is rnade \+lien necessary for rorii- 

r 3  

ZlhTEKIAL AND METHODS 

Eul)t~ii i ir~ital  tooth Iiioveiiieiit wa< carried out in 67 Wrdar rat- of both 
w\e.. A ( oiitrol group of 11 aniinals M ithout mj’ euperiinerital ~ppliaric (> 

wlis a h  iiic.ludet1. The age of the aninials at the start of the ~ Y I ) ( ’ I  iinent 
~ d i  81 1 15 tl (incan & 5.d.) and tlie weight 185 + 38 g. 

111 the t upt.riint.ntdl animali, one maxi!lary fir51 molar r%‘is inovc~tl I )uc  a h  
Hit11 r l  f l \ d  ‘lppllarlce, as I 1  ribeti prex ioucly (K*gh,  1972). Tlw q q i l i G i i i (  e 
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was activated to provide a constant force of 5, 10 or 25 g. The experimental 
periods were 30 min, 2, 6, 12, 24, 48, 60 hrs, 5, 7, 14 and 28 days. 

The 10 g series consisted of three animals in each experimental group, 
apart from the 30 min, 2, 12, 24 hrs group that consisted of 6 animals. The 
5 and 25 g series included one animal at each time period. 

At the end of the experimental period, each experimental tooth with 
adjacent periodontal tissues was dissected out under ether anesthesia. Tissues 
from one series of eleven animals subjected to an experimental force of 
10 g was fixed in 10 yo buffered formalin, dehydrated in ethyl alcohol, 
embedded in paraffin, sectioned, and stained with hematoxylin and eosin. 

All other specimens were fixed in 3 yo glutaraldehyde for 2 hrs. rinsed 
for 30 niin in a 0.1 M sodium cacodylate buffer at pH 7.2, to which had 
been added 0.2 M sucrose, and demineralized in 0.25 M disodium ethylene- 
diaminetetraacetate for 5 days. After postfixation in 1 yo phosphate-buffered 
osmium tetroxide, the specimens were dehydrated in acetone and embedded 
in DiircupanB * in gelatin capsules. 

For orientation, sections were cut with a razor blade and stained with 
0.1 % aqueous toluidine blue at pH 11. The blocks were then trimmed to 
include the marginal area on the buccal side of the tooth. Thin sections, 
300-400 A in thickness, were cut with glass knives on an LKB ultramicro- 
tome. The grids were floated on a saturated solution of uranyl acetate in 
50 % ethyl alcohol and double-stained with lead citrate (Reynolds, 1963). 
Sections were examined in an electron microscope (Philips EM 300), oper- 
ated at 80 kV. 

RESULTS 

Light microscopy 

A description of the findings with special reference to vascular reactions has 
been presented earlier (Rygh, 1972). Presently, the cellular changes in the 
connective tissue will be briefly reported. 

After 30 min application of a 10 g force the periodontal ligament in the 
marginal area appeared compressed. Cellular changes were not observed 
(Fig. 1). 

After 2 hrs more marked deviations from normal structure were observed. 
Some cells revealed pyknotic nuclei. Other cells appeared without visible 
cytoplasm as isolated nuclei (Fig. 2). 

* Fluka A. G., Buchs, Switzerland. 



Figs. 1- 4.. Pressure mncs in thc margi id  arcn of the periodontal ligament (I'L) OII thv h w c a l  
s i d r  of first r:iI molars. 1"orce 10 g. Razor blade sections, stained with toluitline h lw.  13. a l \ i ~ -  
lar 1)oiie. (:, i~emenium. U, dentin. Arrow, dircction of force. Fig. 1. Slight c o m l ~ r ~ , s i o i i  01' 
the  pcrioclcintal ligainmt without \-isible ccllalar changcs. Drlration 30 min. :,: 300. 1;iK. 2. 

pcriodont;il ligament. Duration 2 Iirs. 560. l'ig. 3.  Area o f  eatensivc h ~ o l i n i z a t i i i r i  ( I  I I 
alrriost tlcvoid (if ccllular cleincnts. Y 220. Fig. 4. Repartltivt: stngr with pr(~1iIwition 01' 
vaG,mlar (IrV) aiid celliilar climwrits ant1 direct resorption b y  osteoclasls (O( :I 1. 'i00. 

r i i &  ol' cc4l-nrivlci (N) and redriction o f  cytoplasm in thr narrow, compr 
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In the period from 6 to 12 hrs the changes were more extensive. Localized 
areas seemed to be cell-free and had a homogenous appearance. 

After 24 hrs the alterations were more advanced. A cell-free mass had 
developed adjacent to bone spicules, while the cells in bone clefts and in 
curvatures of the tooth surface seemed to be well preserved. 

Within 2-3 days the pressure zone was almost devoid of cells. Naked 
nuclei were occasionally observed (Fig. 3). 

After 5-7 days the compressed regions appeared to be in a state of repair, 
characterized by proliferation and ingrowth of vascular and cellular elements 
(Fig. 4). 

A similar sequence of alterations was seen in all specimens subjected to 
experimental tooth movement. However, the pressue zones were progressively 
more extensive with increasing experimental force. 

Electron microscopy 

The earliest tissue changes were seen in limited areas, which appeared to 
have been under relatively strong pressure. 

At the ultrastructural level, no particular cell reactions were characteristic 
of a certain experimental period. Within the small, local pressure foci some 
cells had undergone extensive changes, while cells in adjacent but more 
protected locations revealed less alterations. 

Cellular reactions seemed to follow a relatively consistent pattern. Similar 
reactions were observed in osteoblasts, cementoblasts and fibroblasts. The 
following stages could be distinguished: 

I. early cellular changes, not involving the nucleus, 
11. extensive cellular alterations, 

111. disintegration of cells and loss of cell identity. 

I. Early cellular changes, not involving the nucleus. In specimens from 
untreated animals ; osteoblasts, fibroblasts and cementoblasts contained a 
well developed rough-surfaced endoplasmic reticulum that appeared as 
flattened or moderately dilated cisternae, filled with a floccular material 
(Fig. 5). 

Dilation of the endoplasmic reticulum seemed to be an early reaction to 
orthodontic pressure. The degree of dilation varied. A mere widening of the 
endoplasmic sacs was seen in some cells (Fig. 6), while single distended 
cisternae containing a stainable substance dominated the entire cytoplasm 
of other cells (Fig. 7). Also the perinuclear envelope was wider than in the 
control material (Fig. 8). 
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Fig. 7. Electron micrograph showing extensive dilation of the endoplasmic reticulum (ER). 
Force 10 g. Duration 30 min. x 15,000. Fig. 8. Dilation of endoplasmic reticulum (ER) 
confluent with the perinuclear envelope (PNE). M, mitochondrion. Force 10 g. Duration 

2 hrs. X 15.000. 

t 
Figs. 5---6. Electron micrographs from the marginal area of the periodontal ligament on the 
buccal side of rat molars. Fig. 5. Normal appearance of fibroblasts and collagen fibers in 
periodontal ligament. ER, endoplasmic reticulum. F, fibrils. N, cell nucleus. M, mito- 
chondrion. x 10.000. Fig. 6. Moderate dilation of the endoplasmic reticulum (ER) and 
swelling of mitochondria (M). Force 10 g. Duration 30 min. Y, 10.000. Inset: Boxed area 

from fig. 6 showing intact and altered mitochondria. >: 30,000. 
6 
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The mitochondria ustially appeared round or oval in shape \\it11 distinct 
onlrr atit1 inner rne~nl~ranes in cells of the periodontal ligament fro111 i i i i -  

treated ani~nals. 'Thc cristae mitochondrialee usually cxteridetl heyontl tlit.  

midline. An early reaction to orthotloritic pressure was a general swc~llirrg 
of th(1 iiiitoclioridria (Fig. 6). 

These changes \$ere scen after application of an ortliotlontic forcc of 
10 F; for 30 niin. Similar changes were also seen at  later time points, hi in 
c ~ l l s  a t  sonw distance from the zone of maximal compression. 

cellular alterations. More ad\anred stagei of celhilar ctiaiige- 

cl in -ectioni from evperimental periods of 2 hrs or inor(>. 
HowiA\cr, \aiying l\ith localization, minor and seierr forms o f  ( clliila 
dcgratlation M err seen. l 'hv  extracellular nillieu in the mni' of n i ~ ~ x i i i i ~ i l  

conipresiioii w a i  c1ixacteriLed by edema, as iridicdted lq 'in ini rc,iwtl 
ocrcirren( e of clear spaces de>oicl of formed elements (Figs. 9, 1%). t ~ ~ l l ~ i l ~ i i  

i~e l l i i i g   as ~ l i o  proniinerit, nith marked dilation of the eiiclol)lawuc 
ret icLiluin. SH elling of tlie mitochondria was a consistent finding. 

(11 yome cell., sv ollcn r r i i toc  hontlria 15et-e observed ~ d j ~ ~ e i i t  to  iiild( t 
niitoc hontlria (Fig. 9). l'liew organelles appeared to decreaw i n  ~iiiiril)er ,id 
in( rr'iie in iiLe. The contents of the mitochondria appearetl leis c l rc  i roil 
t k r i ~  in the a n o l k n  than in the intact rnitochontiria. 'I'he rri.tdc, nllt(J 
c~liorntlri,ilr~ \+ere often ,rparated arid distortid, and at later stage- t l i c \  ( om- 
pietc.1) tIi~,i1q)eared. The outer irienibranez could uiuallp be diitingiii4icc1, 
men in mitoc liondri,~ %kith niarbetl shelling of tlie matrix anti athmc v t l  

rli.orgariizatiori of thr cristae (Fig. 9). 
111 w i n e  iriitnnces, the impres4on was gained tli'it swolleii ~ n i t o c l i o n ~ l i i ~ i  

n t r c  h ing released from the cell. At this stage iriitochondria ~ t e r c  o t t rn  
o l w n  etl 111 c - 1 0 ~  corit'ict wit11 ljath nucleus and plasma rnernbimc. (Fig-. 
10. 11). 

hich 111 unaltcred cells coiisiited of t w o  clettron- 
tlenw lar  rry and 'I distance lwtneeii ttir, membranes measuring approxnn' i I t~l \  
200 1. .ip~warc~I t111atct1 after applicdtion of a 10 g for( e for 30 inin (F'ip. 7 ) .  

nneiri of lorigcr experinicwtal period<, tlie t\\ o la\ er- of I lie 
~ i i i ~ ~ l i ~ ~ i i  mernln-aiie \+ere ni~irbeclh ated in iome a rw+ m < l  nicm ' I I I -  
\ ' i n i d  ,Jtc.r,ction~ of the niicleus M b s r m d  (Figs. 8, 11). l'lie nil( h i -  

, exteii<i\e in~aginations of tlir nilclear mcnil~arie,  ai i i i  

of tldrbly stdined cliroiiiatiri (Fig-. 12, 13). 

I \  1 tic riiiclcx en\ el[ope, 



Fig. 9. Intact mitochondria (ihl) and swollen mitochondria (sM) in the same cell. The swollen 
mitochondria show a decrease in relative density, and distortions and disappearance of the 
cristae mitochondriales (arrows). Increase of space ( S )  devoid of formed elements indicate 
edema. Force 15 g. Duration 2 hrs. Electron micrograph. X 15,000. Fig. 10. Cementoblast 
near cementum ( C )  and fibrils (F). Mitochondrion (M) in close contact with nucleus (N) and 
cellular membrane (CM) gives the impression of being released from the cell. Force 10 g. 
Duration 2 hrs. Electron micrograph. x 12,500. Fig. 11. Electron micrograph showing dila- 
tion of the perinuclear envelope (PNE) and endoplasmic reticulum (ER), and mitochondria 
(M) giving the impression of beins released from the cell. Force 5 g. Duration 3 days. x 10,000. 
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l:ig. 12. Electron mic:rograph showing estensil-e invaginations of the nuclear invmlranc- 
( N i l )  and diririkage of cell nurlrus (N). Force 10 g. Duration 3 days. x 16,000. Fig. 13. 
Klect ron  micrograph showing advanced shrinking of cell nucleus (N) with iricrtnie of darkly 

stairlid rhromatin. Force 10 g. Duration 2 hrs. x 18,000. 

, I ~ P ; I I  i~lood vess~ls, were characterized by a separation of the formed eliment+. 
111 mcli  areas cells with well defined cytoplasmic irieriihranes cwiild still 
lw ollsrrved after 3 (lays (Fig. 14). 

111 ;ireas d i e r e  cells were interspersed between densely packet1 fillers, 
iiitr;iceIltilar swlliiig 7. more pronounced. Advanced degradation of ccllu- 
liir components was observed after experimental periods of 2 hrs or inor?. 
YIitoclioiidria sliowed coiisiderahle enlargerneiit and ctistortioiis of cristar. 
111 Foiiic cells large mcuoles extended from tlie nucleus to  the plasnia ii~cni- 

1)raiie. Breakdown of the pcriiiiiclear en\-elope was observed near sotiit: 
viic.uoItx In cells exhibitirig coiisiderable swelling, the surface iiienihrari(! 
~ w s  not readily zeeii. The cytoplasrti appeared filartientous or l iatl  tfisappearcd. 

-+ 
Fig. 14. Hyalinizrd zone in loose tissues characterized by separation of the forriled t4einrnts. 
increase of space (S), arid cells with well defined memhraries (CM). B l o i i d  vvssel ( B Y )  C O I I -  

taining frngrrients of erythrocytcs (E)  anti glohuli ( C ) .  Force 10 g. Duration 3 d a y .  Eleclrori 
inicrograph. x 6.000. Fig. 15. A ccll, that is interspersed betwerri densely packcd fibrils (F), 
rc \ - i~ i I>  ndviiiicrd swelling with forrnntion of vacuoles (V), dt,gcneration of xiiitoc~lioritlri~i ( i l ) .  
;uid p'irtid breakdown of pt~rinuclear envelope (arrow). Force 10 g. Duration 9 hrs. Elcrtron 

inicrograph. Y 6.000. 
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Dilated cisterriae of the endoplasmic reticulum and membranes limiting 
degenerated riiitochondria coiiltl be defined (Fig. 15). 

The process of rupture of the cell inembralie was not observed. Holievrr, 
at a certain stage only naked nuclei remained, wrrountled h y  fibrillar rle- 
merits or structures of a looser texture (Fig. 16). ‘The dissoliitioii or tlis- 
iiitegratioii of tlie cytoplasmic membrane left the cellular compoiients in 
the P\tracelliilar space. When cells were located between coriipreswd fiher 
biiiiclles, on ly  scant retiinarits of the cytoplasriiic components could be 
obserwtl after as  short experimental period siich as 2 lire. In areas of loo5t.r 
textiirt, coiiipoiieiits of clegeiierated co~i i iec t i~e  tissue cells could i i o t  1x7 
distingiiislied from breakdown products of vascular structures. 

‘The isolatcd iiiiclei rcvealeil coiisitlerable variation of contour. Soitir. 

nuclei h a t 1  a \vriiikle<d nppearaiice while others had an eveii oritrr form. 
i l t  this stage the \\ Iiole iiiiclei were more heavily stniiied than t l i t x  control 
iiiatericil and as compared with those obserwd in earlier stapes. The iiiiclear 
niviii1)rtiiie coiild not be identified. There were indications of a (liswlrition of 
~i i icI(vr  wiltelits, and a release of nuclear components iiito the rnvironmcrit 
\I a:: o1)::erved. ‘I’hc released brcakclo\\-ii Ilroiliicts had tnkeri more Y t i i i I i  than 
\\:is W’II in tlie parts still coutaiiied within the nucleus (Fig. 17). 

1 his prowss of iiuclenr hreakdowi seerlied to take place at varying rat<’*. 
111 regioii:: of delist, fibrillnr structures, i.e. near the criiientiim, c.ellrilar 
rlriiielits w r e  l~arely trucea1)lc after 2-I lirs of experiiiieiital pressiirt’, \&le 
iii rryioiis of looser texture riiic*lc,ar reninaiits m d  globiili from t l ir  c,ytoj)lasiii 
rciiiailird interspersed lwtwren fibrillar elements (Fig. 18). 

\Yliilc c,ciiieiitol,lasts, fihro1)lasts a t i t l  ostcoLjlaste in tlic cwiiiprcwwtl miit’:: 

s l i o ~  cil no clifferelice iii rate ant1 pattern of degradatioii, cclls sitiinted in 
l)ii?-s o r  ciirviitiirtls 1)etweeli hoiic spicules were hetter preserwtl ant1 ediibitc~tl 
;i slon CT rate of cle-prndatioii than crlls ill less protected purts of the periwloiitd 
ligiiinriit. 

Ostt-ocytea i n  laciuiae of the buccal al\-eolor boiie adjaceiit t o  liy:iliiiiztv\ 
parts of thc periodoiitiil ligaiiitwt re\-euled 110 rliiiiiges i i i  ,:rll ::I ruc’t iirr. 

I 7  
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Fig. 16. Cell nucleus (N) without cytoplasm near bone surface (B) with bone spicule (BS). 
F, col lqen fibrils. Force 20 g. Duration 2 hr?. Electron micrograph. x 15,000. Fig. 17. Cell 
nucleus (N) between collagen fibrils (F) showing dissolution of nuclear contents and release 
of darkly stained nuclear components (arroHs) into the environment. Force 10 g. Duration 

2 hre. Electron micrograph. x 15,000. Inset: Boxed area from fig. 17. x 30,000. 
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Fig. lli. Rrtniiants 
collagt~~i fil~rils (F) 

f r r ~ i n  cell nuclei (N). globuli arid unidentifiable crllular clt.nients I,rtucvn 
in hpalinized zone. Force 10 g. Duration 24 hrs. F:leclron niicrogriiph. 

x 9.000. 
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It is generally held that, at the level of the light microscope, histologic 
changes that indicate death of a cell are more prominent in the nucleus than 
in the cytoplasm (Robbins, 1967). The first indication that a cell is dying is 
increased basophilia and shrinkage of the nucleus. With the electron micro- 
scope, however, it has been found that mitochondrial changes actually 
precede nuclear alterations (Trump, Goldblatt & Stowell, 1965). This is 
supported by the present study which showed only cytoplasmic changes 
after 30 min. 

Since experimentally induced cellular changes in the periodontal ligament 
do not seem to have been described, the present findings had to be compared 
to previous experimental studies which have dealt with the liver. It is generally 
held, however, that mammalian cells follow a rather consistent pattern of 
disorganisation and cell death, varying mainly with regard to  the rate of 
degradation (King, Paulson, Hannaford & Krebs, 1959). 

Moore & Brody (1960) produced ischemic necrosis by ligating the anterior 
mesenteric and celiac arteries and portal vein in the rat for a period of 2 hrs. 
Mitochondria from these livers had an increased tendency to swell and 
contained 50 per cent less protein than normal. 

From in vitro studies of mouse liver undergoing autolysis, believed to 
represent changes in cells that are deprived of their blood supply, Trump 
et al. (1965) reported mitochondrial swelling with decrease in matrix density 
after 30 min. Later mitochondrial changes included vesiculation, distortion 
and fragmentations of membranes and aggregations of dense material in the 
niatrix culminating at 24 hrs in the transformation of mitochondria into 
empty shells. The occurrence of mitochondrial swelling after experimental 
pressure for 30 min in the present study is in accordance with these findings. 
Also the later mitochondrial changes seen in the pressure zones showed a 
sequence of events similar to those reported in liver arrtolysis. However, 
while complete breakdown of mitochondria in liver cells appeared between 
8 and 24 hrs (Moore & Brod.y, 1960), similar decomposition was seen after 
only 2 hrs in the periodontal ligament. In fact, after 2 hrs a rupture of the 
cellular membrane with release of the cytoplasmic components frequently 
had taken place in the present experiments. 

According to Magee (1966), it is possible to trace various causes of cell 
necrosis to a severe interference with the utilization of oxygen by the cell, 
or to  disruption of cellular structures. Thus, necrosis is considered to be 
caused either by ischemia or by physical or toxic injury. The primary attack 
in ischemia is related to lack of oxygen and other cellular nutrients. Physical 
trauma causes death of cells by rupture of cell membranes or b y  intracellular 
dislocations (Robbins, 1967). 
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niitochondria were observed after 30 niin in the pressure foci. After 2 hrs 
sirnilar changes were observed in the pressure region, while in the pressure 
foci rupture of cellular membrane was frequently seen. 

These findings seem to be in accordance with Baker’s (1956) conclusions. 
Accordingly, in rat molar periodontia, within a range of an orthodontic 
tipping force of 5-20 g, the critical period for the cells in tlie pressure foci 
seems to be from 30 niin to 2 hrs. If cellular death is to be avoided, the active 
force must be discontinued within this period of time. 

Cementoblasts, fibroblasts and osteoblasts showed no difference in cellular 
reaction to the orthodontic forces. This may seem surprising, since tlie 
enzymatic activity exhibited by the connective tissue cells of the periodontal 
ligament is not uniform, but is related to the location and function of the cells 
(Fiillmer, 1967). According to Ilacapunparz et al. (1954) the osteoblasts 
disappeared before the ceinentoblasts in pressure zones in rats. The cells 
near the tooth surface seem to survive for a longer period than the cells near 
the alveolar wall in pressure zones in human material (Reitan, 1972). That 
no difference in the pattern of cellular degradation was observed in the 
present experiments may be due to too crude techniques. It is not considered 
possible to obtain reliable measurements of forces below 4 g with the appliance 
that was used. Furtherrnore, observations of cellular changes within the 
critical period of 30 inin to 2 hrs should be included. 

According to Jundr (1971), tlie life of an osteocyte can be divided into 
three distinct phases. The cells show characteristic features of a formative, 
resorptire and degenerative period. In the present study the osteocytes 
near the hyalinizcd zones appeared to be in the formative and resorptive 
phases. These findings are not in agreement with Oppenheirn (1944) and 
~lfacapanpan et al. (1954), who found degeneration of osteocytes with 
pyknosis of the nuclei and a noticeable iiuniber of empty lacunae in the 
alveolar bone near the areas of hyalinization. In the present study, osteocytes 
located within a few mp from hyalinized zones, displayed no ultrastructural 
changes indicating degeneration or cell death after 5 days of orthodontic 
pressure. These observations do not agree with Picton (1969) who has de- 
scribed the bone near the hyalinized zone as necrotic. 

On the basis of this and previous studies it must be concluded that 
)>hyalinizationo involves severe injury of fibroblasts and connective tissue 
cells, resulting in cell death. It appears that an initial phase of local necrosis 
in pressure zones is unavoidable with the range of forces presently used in 
orthodontic tooth movement. However, this necrosis seems to be limited 
to circumscribed areas in the periodontal ligament. 
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