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AN EXPERIMENTAL STUDY 

b!l 

HARALD LOE 

The present paper deals with two aspects of the physiology of the 
gingival pocket, 

(1) the turn-over of the epithelial cells, and 
(2)  the presence of leukocytes in the gingival tissue fluid. 

Recently it was demonstrated that there is an outward seepage 
of fluid from clinically normal gingival pockets (Brill & Krnsse 
1958, Brill & Bjorn 1959). Moreover, mitotic activity is likely to 
OCCIII- in the epithelial lining of the normal gingival pocket*) 
approximately at  the sanie rate as in other oral epithelia ( I i ir t ,  
Hart1 & Miihlemrtnn 1955, Grezilich 1961, McHugh 1961). This 
would iniply that the surface cells are desquainated at the same 
rate, although this has not yet been substantiated. If cells are shed 
from the crevicular epithelium, they would most likely be found 
in this gingival fluid. 

The purpose of the present experiments was to  establish a reten- 
tion of any cellular elements originating from the crevicular tis- 
sues, thereby making a histologic examination of the cellular 
content of the gingival fluid feasible. 

' ) In this article 110 distinction i s  made between "pocket" and "crevice", 
as such a distinction is poorly defined. 
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l’liree 1ie:ilthy dogs were used. Prior to  the experiment, t he  
giiigiwe were inspected and their clinical c1i:iracteristics a s s e w d .  
llntler Neiiilnut:il anesthesin forty-nine clinically norni:il gingival 
1)ocI\et\ were seded with an alcoholic solution of colophony which 
\v:i\ p i n t c d  on the iiiargiiial parts of tlie gingivae and the crowris 
ol‘ the t ce lh .  111 the experinients lasting less than B hours, during 
wliicli the :iniiiinls were :iiiestlietized, the coating was made qiiitc 
thick, aiitl 110 other iiieans were used to seal the pockets. 111 the 
ex1)criiiients I:isting 12 hours or iiiore -- during which time the 
dogs were partly arvalte -- :idditional precautions were taken i i i  

oider to avoid a breaking o f  the seal during function. 011 top of 
Ihe layer of colophony was placed :in acrylic crown which corn- 

pletely c o ~ e r e d  the gingival margin. The crown wx, filled 15 it11 
sui-giwl wiiient :ind locked with :~iiialg:ini (Fig. 1 ) . 

7‘he observation period wr ied  from 1 to 18 hours. After 
f iwtion i n  10 % neutral foriiialin, the speciiiien\ were dec;rlci- 
fied in -5.2 ‘Z nitric acid. During tlie histologic procedure e f fo i t a  
w e i ~  iiiadr to  keep the ninrginal cover in place ;IS long :IS pos- 
sible. The acrylic crowns were finally dissolved in chloroforiii 
before the speciiiiens were embedded in parnffin. The section\ 
\WIT cut : i t  five iiiicrons :ind st:iined in heinatoxylin and e o 4 n .  

FINDINGS 

‘l’he inicro.;copic ex:imin:ition showed in all cases non-l<erntin- 
izetl epithelial cells iliaking up :i continuous lining of the gingivnl 
pocket ending at  the ceinento-en:iiiiel junction (Figs. 2,  3, 4, : i n t i  

5 ) .  Thickening of the epitheliuiii was not seen in the deeper parts 
o f  the pockets, although :i fern and inconspicuous rete pegs were 
present in the marginal area (Figs. 2,  3, a n d  4) .  Siiiiihr condi- 
tions were ohserved when neighboring untreated teeth were ex- 
:uiiined. lJsually the width of the  epithelial cuff:’) rungetl froi i i  

,: ) ”Epithelial cuff” is in  this article used both when the cpithelial cells 
werc fourid in contact with the enamel and w h e n  accumulations of 
leukocytes hat1 causcd ii separation of these two tissues. 
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8 to 15 layers of cells. Mitoses were often seen in the basal layers 
all along the epithelial cuff (Figs. 2A and 4C). 

In the short ierm experimenfs (1 -G hours), neutrophilic leuko- 
cytes were consistently seen within the normal epithelial cuff, pre- 
sumably on their way towards the surface (Figs. 2 B and C ) .  In 
these cases the adjacent connective tissue revealed no abnormal 
aggregations of leukocytes or other signs of inflaniinatory reactions 
(Figs. 2B and 3C). 

In the long term experimenfs (12-48 hours), the appearance of 
the epithelial cuff did not basically deviate from the description 
already given (Figs. 4 and 5) ,  except for the fact that leukocytes 
were more frequently found in the epithelial layer. Accumulations 
of the same type of cells in the subepithelial connective tissue 
were consistent findings, although the extention of the infiltra- 
tion varied. In no instances were neutrophiles seen in the kera- 
tinized epithelium facing the oral cavity. 

The method employed in this series allowed a close examination 
of the cellular elements emanating froin the crevicular tissues. In 
all cases smaller or larger concentrations of cells could be seen 
within the gingival pocket. In the teeth with short periods of obser- 
vation (1-6 hours), the cells were clustered near the gingival 
margin (Figs. 2 and 3 ) .  The formed elements of the trapped ma- 
terial were exclusively neutrophilic leukocytes and epithelial cells, 
separated from each other by an amorphous intercellular material, 
in which empty spaces were regularly observed (Figs. 2A and 3A). 
In the long term experiments (12-48 hours), the gingival pockets 
were filled with cells to the extent that the free gingiva was forced 
away from the enamel surface (Figs. 4 and 5 ) .  These specimens 
also showed desquaiiiated epithelial cells and neutrophiles in 
varying stages of degeneration (Figs. 4 F, G,  H ) .  This pertained 
particularly to the cells adhering to the organic remnants of the 
enamel (Fig. 5E) and in the area of the gingival margin. 

DISCUSSION 

This experimental investigation has shown that when clinically 
normal gingival pockets are sealed at the margin, cellular elements 
dispersed in an intercellular material are retained between the 
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epithelial cuff :itid the enamel surf:ice. The  cellular fraction co~i i -  
I)ri \cs  de\qu:im:tted epithelial cells and neulrophilic leukocytes. 
Most likely the auiorphous substance is the remnants of the gin- 
gi XI I tissue flu id. 

'I'hc gr:idual increase in t h e  :iiiiount of tr:ipped inaterial tend\ 
to  s h o w  that  desquuination of epithelial cells from crevicu1:ir epi- 
tlrcliu t i ) ,  tlie Iiiigralion of neutrophiles and the flow of tissue lluid 
1111~ougIi lhc saiiie epithelium :ire continuously occurring pheno- 

'I'hc solution of colophony did iiot seem to exert any irritating 
el'fccl on the gingiva a s  no difference :is to  the  appenruncc could be 
f o u I I  t l  \v he ri t rea t e d and uii t real e d speci 111 ens were exa 111 iiied . 'I' hc 
po\sihility that  the artificial retention of fluid :rnd cells could 
c~ii1i:rncc the processes involved, does not obscure the fact that :it1 

inili:il  t ransutlation has heen present. 
I lie prescn t litidiiigs seeiii, therefore, to corro1)ornte the ol)sw- 

\:iliotis t i i : i t l c~  by Brill mcl co-workers, that  there is ;I continuoit\ 
ti.:iiisutl:ition ol' tissue fluid into the clinically nori i ial  gingi\:rl 
pocl,els. A s  yet, no  studies h:iw been mide  on the iiieclinni\in OF 
I 1 1 i \  proce\s. There :ire reasons to believe that  this fluid, as tissue 
1 ' 1 u i t l  in g(~tiern1, origin:i!es from the hlood (Brill & Rrrxssfl l!lt58) 
:ind p;isses from the subcpithelid connective tissue hetweeii or 
through the epithelial cells o f  the  cuff. There is also soiiie basis lor  
l l i c  :issuiit1)tioii thnt the gingilnl t ue fluid is of the same coiii- 

1)osilion ;IS blood plasma (Bril l  &- BI izesfrrm 1960). The  possihilitj 
th:il (lie Iluitl is  a product of secretion must  be disc:irtleti ;IS this 
: I ~ C : I  conl:iinr no glands. 'I'hc esp1:ination of a continuou\ pa 
o f  Iluid through the creviculnr epitheliuiii in:iy be found i n  l l i c  
slightly higher hydrostatic pressure of the tissue fluid (appi-ox. 
I 0  I I I I I I  Hg, Evcxtis 11l32) :i\ cottipared to atmospheric pressure. l'he 
: ~ l ~ ~ n c e  of lieratinized cells in the epithelial cuff lacilitating such 
:I 1)twcess iliust also be considered. 

\\'it11 regard t o  tlie neutrophilic leukocytes, no  counts were iiiade, 

but it seeiiis a s  if they :ire more nuiiierous than the epithelial cells. 
The presence of neutrophiles within the crevicular epitheliuiii, indi- 
ca tes that  these cells normally migrate froin the  subepithe1i:il con- 
nective tissue into the gingival pocket. The findings of the satiie cells 
in nor~n:il epitheliuiii covering a non-inflammator?iitor~ connective tissue 
:ire not in agreetiient with the statement of Lundgziisf (1940).  He 

111 l' II :I .  

r .  



PHPSIOLOCICAI, ASPECTS OF THE GINGIVAL POCKET 39 1 

inaintained that  discontinuity of the epithelial lining is a prerequi- 
site for the riiigration of leukocytes from subepithelial tissue into 
the gingival pocket. On the other hand, the present findings are in 
agreement with the observations made of neutrophilic leukocytes 
arraying through the epithelium, while few were seen in the adja- 
cent lamina propria (Grant & Orban 1960). 

Brill & Krasse (1958) did not indicate the part of the gingival 
pocket where the passage of the fluid took place. The present 
observations of leukocytes from the gingival margin to the cemento- 
enamel junction tend to show that the entire length of the epithelial 
cuff is involved, and that the localization of the escaped cells at 
the gingival margin, deliionstrated in the short term experiments, 
is due to the outward flow of the gingival fluid. 

The niorphologic characteristics of the leukocytes in the gingival 
space suggest that the majority of thein are vital for some time 
after having passed through €he epithelium. Whether they are 
capable of exercising phagocytic activity, and in that case how long 
time this activity will last must be elucidated by further investi- 
gations. 

The occurrence of mitotic figures in the basal layer along the 
entire length of the epithelial cuff is in accordance with earlier 
observations (Mirt & a1. 1955, Greulich 1961, McHngh 1961). This, 
together with the finding of desquaniated epithelial cells in the 
gingival fluid, gives the evidence of a continuous renewal of the 
epithelial cuff. 

With the method employed in the present experiments it was 
impossible to assess the rate of renewal of the epithelial cuff. 
However, in these teeth the width of the epithelial layers was 
doubled in the course of 24 hours (Fig. 5).  Irrespective of the 
turn-over rate, the continuous renewal of the epithelium implies 
that an  organic union between the surface cells and the enamel 
would have to be renewed constantly. 

Gottlieb (1921) introduced the term ”der Epithelansatz” - the 
epithelial attachment - to characterize the relationship between 
the gingival epitheliuiii and the enamel surface. The concept that 
the gingival epitheliuiii is, in the true sense of the word, attached 
to the enaiiiel surface is still widely accepted (Orbnn & 02. 1956, 
Weinreb 1960). On the other hand, experimental investig a t‘ ions 
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1i:ivr shown that the supposed union is very wenk (Wnerhaug  1952, 
l!)tiO, %cinder 1956). On the basis of findings like these and series 
of  other experitiieiitul investigations ( Waerhnug 1956, 1957, Wrrer- 
I ior i !g  & IAW 1Uc57, 1 9 5 X ) ,  the terni epithelial cuff was  suggesled to 
connote that  the connection between the gingival epitheliuiu ant1 
t tic en:itnel or ceiiieiitutii depends on adhesion. The present results 
:itid recent works on the development ( M c f l n g h  1961 1 a n d  the 
physiology (Bril l  & trl. 1958, 1959, 1960) of the gingival pocl\et 
tent1 t o  support  this view. 

Orhrrii : i n t i  c~)-worl ters  ( l9X) enip1i:isizetl that :m epithe1i:rl 
;iLt:ichiiieiit is :in iiriportatit link i n  the continuous cover of the body 

ting the utiderlyins tissues against chetilical d;i~n:ige 
or  1):ickri:iI irritation. However, the outward f low of  fluid frorii 
tiortii:rl giiigiv:il pockets :itid the indications o f  the presence o f  
antibodies (Brill & Brbnnesitriii 1960) and phagocyting cell5 in 
thi5 fluid appear to constitute ;in essential triechnnical nn t l  anti- 
l):ic.teri;il defence niech:tnistn against local irritants. 

Sl'blMAIIY 

I n  orticr to e1ucid:ite soiiie physiological :i\pects of the gingival 
~ w c l t c t ,  :I series o f  :initiial experittieiits was carried out. In three 
dog:.; 49 clinic:illy nort1i:il gingival pockets were sealed at iiiargin 
f o r  periods t.:inging frotn 1 to  48 hours. 

'I'hc tiislologic exntiiination of the specimens revealed that  f he 
1 )oc I< c t s c 011 t :I i tied d e scju:iiii atcd e pi t lie lial cell s and tie u t r o phi I i c 
Icukocytcs dispersed in  :in airiorphous substance. The :itiiouti t of 
lixpped m:iterial increased with increasing observation time. 

'I'hc findings of mitotic figures :ilong the  entire length o f  the 
t*pitheli:il lining of the pocket and the desciLi"iii:itioti of the surface 
ccl ls  support the view that  the epithelial cuff is constantly renewed. 

'l'lii3 presence of neutrophilic leukocytes within the epitheli:iI 
cnf'f :in({ the  accuinulation o f  the saiiie cells in the pocket indicate 
that they iiiigr:ite through the epithelinl lining under p1iysiologic:il 
c(  )i i  d i t  ions. 

'I'hc :iniorphous substance hetween the cellular elements w:is 
identified a s  retiiti:itits of the gingival fluid. 

O n  the basis of his findings the writer discusses the dynaiiiics of 
I tic) epit1ieli:il cuff, and its antibacterial defense tnechanistii. 



PHYSIOLOGICAL ASPECTS OF THE GINGIVAL POCKET 393 

HBSUM\IB 

ASPECTS PHYSIOLOGIQUES DU CULS-DE-SAC GINGIVO-DENTAIRE 
\IBTG D E E X  P J k  I R.1 ENTA L I.: 

I h n s  le but d’Cclairer quelques aspects de la  yhysiologie des culs- 
de-sac gingivo-dentaircs, une sCrie d’expkriences sur l’animal a ete 
effectude. Chez trois chiens, 49 culs-de-sac cliniquement noriiiaux 
ont 6tC ferniks nu niveaii du bord marginal pendant des periodes 
allaiit de 1 B 48 heures. 

L’exanien histologique des specimens a iiiontrk que les culs-de- 
sac contenaient des cellules 6pithCliales desquani6es et des leuco- 
cytes neutrophiles dispersks dans une substance aiiiorphe. La q u m -  
tit6 du niat6riel recueilli augiiientait avec la durde d’observation. 

Les figures iiiitotiqnes trouvees sur toute l a  longueur du 
rev&tenient 6pithClial du cul-de-sac et la desquamation des cellules 
de la surface confirnient le point de vue selon lequel le iiianchon 
Cpithelial est constarninent renouvelk. 

La presence de leucocytes neutrophiles B l’interieur du iiianchon 
Cpithklial et I’accuinulation de ces n i h e s  cellules dans le cul-de-sac 
indique qu’elles traversent le rev6tenient &pithClial dans les condi- 
tions physiolog‘q 11 ues. 

La substance aniorphe entre les elements cellulaires a 6tC iden- 
tifike CoIiiiiie &ant les restes du liquide gingival. 

S’appuyant sur ses rbsultats, I’auteur discute la dynamique du  
inanchon Cpithelial e t  son nidcanisnie de d6fense antibactdrienne. 

Z U SAM M EN F A S S UNG 

PHYSIOLOGISCHE ASPEKTE DER GINGIVALTASCHE 

EINE EXPERIMENTELLE STUDIE 

Urn einige physiologische Aspekte bei der Gingivaltasche abzu- 
liliiren, wurden eine Reihe von Tierexperimenten durchgefuhrt. An 
drei Hunden wurden 49 klinisch noriiiale Taschen ani Zahnfleisch- 
rand fur  die Dauer von 1 bis 48 Stunden verschlossen. Die histolo- 
gische Untersuchung zeigte, dass die Taschen abgestossene Epithel- 
zellen und neutrophile Leukozyten enthielten, die in einer anior- 
phen Substanz eingelagert waren. Die Menge der in den Taschen 
enthaltenen Massen nahrn iiiit verlangerter Reobachtungszeil zu. 
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Der Ikfund von Kernteilungsbildern in  der ~ e s a n i t e n  Ausdeh- 
nung des 'I'aschenepithels und die Desquainntion der Oberfliichen- 
zellen unterstiitzen die Auffassung, dass der Epithelsauin stiindig 
erneuert wii-d. 

Die Anwesenheit neutrophiler Leultozyten iin nornialen Tn- 
sclienepithel und ihre Anhaufung in der Tnsche deuten dnrauf Iiin, 
dasc diese Zellen Linter physiologischen \'erhiiltnissen durch &is 
'l':i sc 11 e ne pi t he1 hi  t i  t l  u r c hwind e r t . 

Die aniorphe Substanz zwischen den zellullren Elementen konn- 
t e  als ITel)errest der gingivnlen Fliissiglteitsnbsond~ritng erkunnt 
we rtl e 11 

Gestiitzt durch die erhobenen Hefunde tliskutiert der \'erfasser 
tlic tlyn:iniischen Vorgiinge iin Epithelsauni und seinen anti- 
1):i I< t c ri e I I en \'e r t ei d ig un g s i n  ech a ni s mu s. 

RES [WEN 

CONSIDE:RACIONES PISIOLOGICAS DE LA BOLSA GINGIVAL 

ESTI'I)IO I.:SI'ERlnlENTAI, 

Con el fin de nclnrar algiinos aspectos fisiolOsicos de l a  hols:r 
gingival se hizo un:i serie de experiencias en :iniiiiales. Se sell0 el 
in:rrgen gingiv:rl de 49 h l s n s  gingivales clinicainente nortn:rles e n  
trcbs perros sanos. El periodo de observacibn w r i 6  entre 1 y 18 
hor:r 9. 

El es;iiuen histolbgico del material :icuiiiulndo en la holsa inoatrb 
cci I ti I :i s e pite li:i 1 e s de  sc:~iii :i tl :i s y 1 e ucoc it o s n e u t r b f i I () s d i sp er so s e t i  

i i  11 :I s u h  tn nc in a t  iiorf a. La c :I 11 ti ti a tl de I 1 ta t  eri:i I oh te 11 ido :I i t  i i i  c' n t ti 
con el lienipo dc' ohst.rvncicin. 

El 1i:illazgo tle figuras niit6sic:is todo :I l o  largo del t:ipiz epikli:il 
y I:I dew:iin:ici6n de las ci.lulns superficinles : ~ p o y i i i  I n  idea de q ~ i e  
cl "iri:inguito" epitelial se renueva coristnntemente. 

I A  presenci:i de leucocitos neutrbfilos en el "innnguito" epite1i:il 
i ~ o r i n a l  y la  :icuinul:icibn de estas cPlulas en I:] bolsn indic:tn q ~ t e  
10s Icucocitos neutrbfilos uorii idnierik inigran a trnvbs del h p i z  
ep i  te I i a I .  

El material :iiiiorfo encontrndo entre 10s elenienlos celul:ire\ h:r 
sido idcntificado cotno restos del fluido gingival. 
En h s e  :I estos 1i:rllazgos el nutor conientn 1:i dinhinicn dcl 

"ni:iiiguito" epitelial y su tnecanisiiio de defensa :iiitih:rcteri:in:i. 
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