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IT IS C O M M O N L Y A G R E E D that the ep i the l ium of the 

gingiva is ei ther kera t in ized or parakerat in ized whi le 
the sulcular ep i the l ium does not contain a granular or a 
corn i f ied l ayer . 1 W h e n a flap of alveolar mucosa is 

transplanted to the attached gingiva it w i l l maintain the 
norma l tissue characteristics of alveolar mucosa; how
ever, a col lar of new attached gingiva w i l l develop at 
the gingival marg in , apparently from the reparative 
granulat ion tissue growing from the per iodontal mem
brane . 2 Fur thermore , it has been shown that the gingi
val connective tissue base w i l l determine the character
istics o f the over lying epi the l ium by carrying the genetic 

determinants for its specificity inc luding kerat in iza-
t i o n . 3 

Since there is no apparent difference be tween the 
connective tissues under ly ing the sulcular and the outer 
gingival ep i the l ium, and since after any gingiva l re
placement procedures the per iodonta l membrane w i l l 
be the c o m m o n reparative source for b o t h these tissues, 
it seems reasonable to assume that bo th ep i the l ia , un
der the influence of the same connective tissue, may 
carry the same intr insic potent ia l for kera t in iza t ion . 
T h e purpose of this study therefore, was to test the 
influence of the sulcular envi ronment i n de te rmin ing 
the kerat in izat ion potent ial of the ep i the l ium. 

M A T E R I A L S A N D M E T H O D S 

Three young adult Rhesus monkeys were used for 
the study. They had general ized m i l d g ingival in f lam
mat ion wi th mi n i ma l calculus, and sulcus depth no 
greater than 3 m m . 

T h e animals were anesthetized w i t h an intravenous 

inject ion o f sodium pentobarbi ta l . A f t e r two vert ical 
incisions, intrasulcular mucoperiosteal flaps inc lud ing 
the gingiva were raised by blunt dissection on the buc
cal aspect of ind iv idua l teeth. T h e flap design inc luded 
the approx imal papillae to the tooth ( F i g . 1 A ) . T h e n , 
using a split thickness flap procedure , a connective 
tissue bed was prepared in the alveolar mucosa apical 
to the f lap, by removing the outer ep i the l ium and a thin 
layer o f connective tissue ( F i g . I B ) . T h e elevated flaps 
were folded and sutured so that the sulcular epi the l ium 
became exposed to the ora l cavity (Figs . 1 C , 2 A , B ) . 
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FIGURES 1 A - C . D i a g r a m s s h o w i n g t h e p r o c e d u r e p e r f o r m e d . See t e x t f o r e x p l a n a t i o n . 



K e r a t i n i z i n g P o t e n t i a l o f S u l c u l a r E p i t h e l i u m 141 
Volume 48 
Number 3 

FIGURE 2 A . F l a p a p p e a r a n c e i m m e d i a t e l y after b e i n g f o l d e d o u t . The s u l c u l a r e p i t h e l i u m i s exposed. B . S i m i l a r a r e a 1 week after 
p e r f o r m i n g t h e p r o c e d u r e . 

In o rder to avo id the monkeys r ipp ing the tissues off 
w i th their hands, a plastic col lar was used as a restraint 
du r ing the t ime of the exper iment . Since they cou ld not 
reach their mouths w i t h their hands the regular food 
was p rov ided in special containers placed in their cages 
at the leve l they cou ld reach direct ly w i t h the m o u t h . 

A total of 24 flaps were per formed in the three 
monkeys . 

Soft tissue biopsies o f the fo lded areas were taken 
f rom two monkeys after the fo l lowing t ime intervals: 3 
days, 5 days, 7 days, 2 weeks , 3 weeks , 4 weeks , and 8 
weeks . T h e specimens were f ixed , embedded i n paraf
f i n , and serial ly sect ioned buccol ingual ly at 6 µ inter
vals . T h e sections were stained wi th hematoxy l in and 
eos in , and rhodamine B . R h o d a m i n e B is a special stain 
specific for the demonst ra t ion of corni f ied tissue. B o t h 
o r thokera t in ized and parakera t in ized epi thel ia w i l l 
show a posi t ive reac t ion , w h i c h is intense and precisely 
demarca ted . 4 

In the th i rd m o n k e y , the fo lded flaps were per formed 
according to a schedule w h i c h a l lowed for observat ion 
per iods o f 1, 12 and 24 hours and 3, 5 and 7 days. O n e 
hour before sacrifice the m o n k e y received an intrave
nous in ject ion o f t r i t ia ted t h y m i d i n e † (1 mic rocur i e /gm 
of body weight , specific act ivi ty 6.7 C i / m i l l i m o l e ) . T h e 
an imal was sacrif iced by exsanguinat ion. T h e jaws were 
dissected, were f ixed in 1 0 % formal in and decalcif ied 
i n a saturated solut ion o f E D T A at a p H 7. A f t e r 
decalci f icat ion these specimens were embedded in par
affin and serial ly sect ioned buccol ingual ly at 6 µ inter
vals . O n e out of every four slides was processed for 
rad ioautography. T h e rest were stained w i t h hematoxy
l i n and eos in , and rhodamine B . 

FIGURE 3. O n e h o u r specimen. The f o l d e d flap i s r e a d i l y 
d i s t i n g u i s h e d . O b s e r v e t h e r e m a i n i n g s u l c u l a r a n d j u n c t i o n a l 
e p i t h e l i u m exposed t o t h e o r a l e n v i r o n m e n t . (H & E . O r i g i n a l 
m a g n i f i c a t i o n , x 3 0 ) . † New England Nuclear, Boston, Mass. 
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FIGURE 4 A . T w e l v e h o u r specimen. Remnants o f t h e s u l c u l a r e p i t h e l i u m a r e seen. I t s s u p e r f i c i a l p o r t i o n shows n e c r o s i s a n d 
d e g e n e r a t i o n . A c u t e i n f l a m m a t o r y i n f i l t r a t i o n i s present (H & E . O r i g i n a l m a g n i f i c a t i o n , x 4 0 ) . B . T w e l v e h o u r specimen. 
R a d i o a u t o g r a p h s h o w i n g t h y m i d i n e u p t a k e t h r o u g h o u t t h e b a s a l c e l l l a y e r ( O r i g i n a l m a g n i f i c a t i o n , x 4 0 ) . 

FIGURE 5 A . T h r e e day specimen. A t h i n l a y e r o f e p i t h e l i u m i s seen, due p r o b a b l y t o t h e d e s q u a m a t i o n o f t h e s u p e r f i c i a l l a y e r s (H & 
E . O r i g i n a l m a g n i f i c a t i o n , x 4 0 ) . B . T h r e e day specimen. R a d i o a u t o g r a p h s h o w i n g i n c r e a s e d l a b e l i n g u p t a k e t h r o u g h o u t t h e 
r e m a i n i n g s u l c u l a r e p i t h e l i u m ( O r i g i n a l m a g n i f i c a t i o n , x 4 0 ) . 
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R E S U L T S 

O n e a n d 12 H o u r Specimens. U n d e r low magnifica
t ion the folded tissues can be clearly observed ( F i g . 3) . 
H & E slides show the remnants to the sulcular epithe
l ium (F ig . 4 A ) . The superficial por t ion of the epithe
l ium shows necrosis and degeneration. A severe acute 
inflammatory infiltrate is present. H o w e v e r , the basal 
cells showed thymidine uptake throughout ( F i g . 4 B ) . 
N o positive reaction was obtained wi th rhodamine B . 

T w e n t y - f o u r H o u r s t o 7 D a y Specimens. The epithe
l ium is th in , probably because the superficial cel l layers 
have been desquamated ( F i g . 5 A ) . H o w e v e r , the re
maining sulcular epi thel ium shows increased label ing 
(F ig . 5 B ) , which seems to reach a peak in 5 days ( F i g . 

FIGURE 6. F i v e day specimen. R a d i o a u t o g r a p h s h o w i n g t h e 
l a b e l i n g u p t a k e d e p i c t e d i n t h e p r e v i o u s s u l c u l a r e p i t h e l i u m . 
The e p i t h e l i u m has i n c r e a s e d i t s thickness. ( O r i g i n a l m a g n i f i 
c a t i o n , x 4 0 ) . 

FIGURE 7. Seven day specimen. The thickness o f t h e e p i t h e 
l i u m has i n c r e a s e d a n d r e t e pegs a r e b e i n g r e s t o r e d . (H & E . 
O r i g i n a l m a g n i f i c a t i o n , x 8 0 ) . 

6) . D u r i n g this period the epithelium increases in thick
ness and also starts to migrate laterally trying to cover 
the exposed connective tissue (F ig . 7 ) . Rhodamine B 
reaction is again negative. A n acute inflammatory inf i l 
trate is sti l l present throughout the connective tissue. 

T w o a n d 3 Week Specimens. The epithelial coverage 
is restored during this per iod. A new sulcular and 
junctional epithelium has been formed. It is possible to 
determine the area of junction between the original 
sulcular epithelium and the alveolar mucosa (F ig . 8 A ) . 
The outer surface epithelium displays a normal ar
rangement, showing a multi layer pattern with inter
mingled areas of orthokeratinization and parakeratini-
zation (F ig . 8 B ) . There is a positive reaction with rho
damine B (F ig . 8 C ) . Deep rete pegs are present, with 
an irregular or undulating basement membrane. 

F o u r a n d 8 Week Specimens. In 4 and 8 week speci
mens findings similar to those just described can be 
seen. A new sulcular area has been developed and in 
most of the sections an intense chronic infiltrate is 
present underneath this new sulcular epi thel ium. 

In one of the 8 week specimens, due to an area of 
improper healing at the junction between the original 
sulcular epithelium and the alveolar mucosa, it is possi
ble to localize precisely the area of the folded sulcular 
epithelium (Fig . 9 A ) . 
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FIGURE 8 A . T h r e e week specimen. The e p i t h e l i u m c o v e r a g e i s r e s t o r e d , a n d a new s u l c u l u s a r e a has developed. The a r e a c o r r e 
s p o n d i n g t o t h e p r e v i o u s s u l c u l a r e p i t h e l i u m (arrows) shows a n o r m a l a r r a n g e m e n t (H & E . O r i g i n a l m a g n i f i c a t i o n , x 3 0 ) . B . 
T h r e e week specimen. H i g h e r m a g n i f i c a t i o n o f F i g u r e A . O b s e r v e t h e m u l t i l a y e r p a t t e r n o f t h e e p i t h e l i u m a n d i t s p a r a k e r a t i n i z a t i o n 
( H & E . O r i g i n a l m a g n i f i c a t i o n , x 6 0 ) . C. T h r e e week specimen. A b e g i n n i n g p o s i t i v e r e a c t i o n t o r h o d a m i n e B , c a n be o b s e r v e d 
a t t h e s u p e r f i c i a l l a y e r s o f t h e e p i t h e l i u m ( O r i g i n a l m a g n i f i c a t i o n , x 6 0 ) . 

FIGURE 9 A . E i g h t week specimen. The i m p r o p e r h e a l i n g a t t h e j u n c t i o n between t h e o r i g i n a l s u l c u l a r e p i t h e l i u m a n d t h e a l v e o l a r 
mucosa makes i t p o s s i b l e t o l o c a l i z e p r e c i s e l y t h e a r e a o f t h e f o l d e d e p i t h e l i u m (arrows) (H & E . O r i g i n a l m a g n i f i c a t i o n , x 3 0 ) . B . 
E i g h t week specimen. H i g h e r m a g n i f i c a t i o n o f F i g u r e A c o r r e s p o n d i n g t o t h e a r e a d e r i v e d f r o m t h e o r i g i n a l s u l c u l a r e p i t h e l i u m . 
O b s e r v e t h e n o r m a l c h a r a c t e r i s t i c s o f t h e s u r f a c e e p i t h e l i u m (H & E . O r i g i n a l m a g n i f i c a t i o n , x 6 0 ) . C. E i g h t week specimen. V e r y 
p o s i t i v e r e a c t i o n t o k e r a t i n c a n be seen o n t h e s u r f a c e ( R h o d a m i n e B . O r i g i n a l m a g n i f i c a t i o n , x 6 0 ) . 

T h e alveolar mucosa migra ted underneath the sulcu
lar ep i the l ium when cover ing the apical po r t ion o f the 
prepared bed . T h e outer ep i the l ium der ived f rom the 
or ig ina l sulcular ep i the l ium depicts a l l of the no rma l 
characteristics o f the surface e p i t h e l i u m , ( F i g . 9 B ) i n 

c luding a very posi t ive react ion w i t h rhodamine B ( F i g . 
9 C ) . 

DISCUSSION 

The present study has shown that w h e n e x p o s e d t o 
the environment of the g ing iva l sur face , the s u l c u l a r 
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epi thel ium develops into a kera t in ized squamous epi
thel ium similar to that on the regular outer surface of 
the gingiva. 

The label ing of the exposed sulcular epi the l ium fol 
lowing the administrat ion of tri t iated thymidine shows 
that it has mainta ined its vi tal i ty and its potent ia l to 
proliferate after the exposure. The prol i fera t ion and 
subsequent development into a kerat inized gingival ep
i the l ium cou ld be fo l lowed , wh ich excludes the possi
bi l i ty that the epi thel ia l coverage of the flap had devel
oped f rom neighboring areas. 

The f inding that the sulcular and outer gingival epi
the l ium have the same potent ial for kera t in iza t ion 
agrees wi th the assumption that bo th of these epi thel ia 
have the same connective tissue base. W h y this same 
epi the l ium does not kerat inize when acting as a bound
ary of the sulcus is speculative at the present t ime . 

It may be that there are some u n k n o w n factors in the 
local envi ronment that do not a l low the ep i the l ium to 
complete its differentiat ion. H o w e v e r , it also may be 
that the sulcular epi the l ium is not a surface ep i the l ium, 
but only a crack or a cleft p roduced by an accident 
found in the loca l envi ronment , that is the erupt ion of 
the tooth . If this should be the case the sulcular and the 
junc t iona l areas w o u l d represent only a long rete peg 
split in the middle by the presence of the tooth . The 
ora l ep i the l ium is kera t in ized since it represents the 
outer surface of the masticatory mucosa ( F i g . 10) . The 
sulcular ep i the l ium is not a surface ep i the l ium, but is 
comparable to the deeper cel l layers of the outer gingi
val ep i the l ium. Th i s v iew is supported by the similari ty 
between the ultrastructure of the epi thel ium-enamel 
junct ion and that of the basement membrane , wi th the 
tooth representing the mesenchymal part o f this inter
face. 5 E v e n the way the cells migrate dur ing the turn

over of these areas seem to agree wi th this unusual 
hypothesis . 6 Th i s also may expla in what has been 
shown, that after a pro longed and vigorous intrasulcu-
lar toothbrushing technique, it is possible to get kera
t inizat ion of the sulcular e p i t h e l i u m . 7 

A s imilar situation is seen at the level of the inter
p rox ima l gingival c o l , where mechanical s t imulat ion 
can elicit ke ra t in iza t ion . 8 H o w e v e r , in this part icular 
case the authors were considering the surface gingiva of 
the interdental papil lae and not the sulcular ep i the l ium. 

F i n a l l y , al though the evidence for genetic predeter
minat ion of tissue characteristics is very strong, the 
possibi l i ty that the environment may play a role in the 
ult imate character of the sulcular epi the l ium cannot be 
o v e r l o o k e d . Whatever the reason is , the contact to the 
tooth appears to determine the lack of kerat inizat ion of 
the sulcular ep i the l ium. 

SUMMARY A N D C O N C L U S I O N 

It has been shown that the connective tissue base 
determines the epi thel ia l surface characteristics. A l 
though there is no apparent difference between the 
connective tissues under ly ing the sulcular and the sur
face gingival ep i the l ium, the sulcular epi the l ium is not 
kera t in ized as is the gingival surface. The influence of 
the sulcular environment in determinat ion of kera t in i 
zat ion was explored in three adult Rhesus monkeys . 

Twenty-four intrasulcular mucoperiosteal flaps were 
elevated beyond the buccal mucogingival border , were 
turned inside out and sutured to leave the sulcular 
epi the l ium exposed on the surface. Short term speci
mens (1 hour to 7 days) were obtained f rom one mon
key which received H 3 thymidine 1 hour pr ior to sacri
fice. Biopsies were obta ined f rom the other two mon
keys cover ing intervals o f 1 week to 2 months . 

FIGURE 10. Schematic r e p r e s e n t a t i o n s h o w i n g why t h e s u l c u l a r a n d j u n c t i o n a l areas m i g h t be c o n s i d e r e d as c r a c k s o r clefts i n t h e 
c o n t i n u i t y o f t h e m a s t i c a t o r y mucosa p r o d u c e d by t h e e r u p t i o n o f t h e t o o t h . 
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T h e findings indicate that the sulcular ep i the l ium has 

potent ia l for ke ra t in iza t ion . T h e contact to the tooth 

appears to determine the lack o f kera t in iza t ion o f the 

sulcular ep i t he l i um. 
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Announcement 
C O L U M B I A UNIVERSITY S C H O O L O F D E N T A L A N D 

O R A L S U R G E R Y 

Columbia University School of Dental and Oral Surgery an

nounces the following Continuing Education courses: 

TITLE: Occlusion; A Periodontist's Approach to the Matter of 

Selective Grinding of the Natural Dentition as a Means 

of Modifying Occlusal Forces 

DATE: April 29, 1977 

FACULTY: ROBERT GOTTSEGEN, D.D.S. , Professor and Director, Divi

sion of Periodontics; Past President, American Acad

emy of Periodontology 

A step-by-step procedure for selective grinding of the periodon-

tally involved dentition will be described. The usefulness of this 

approach, in full or in part, to occlusal adjustment of less involved 

dentitions, to isolated lesions of occlusal traumatism and to general 

restorative dentistry, including extensive crown and bridge, will also 

be detailed. These steps will also serve as the guide posts for a stroll 

through the field of occlusion research and theory. Broad biological 

concepts will be discussed and related to clinical application. This 

course is designed for the clinician who is struggling to find some 

common denominator, some unifying thread of relevance in the 

confusing world of occlusion. 

TITLE: Immunologic Aspects of Periodontal Disease 

DATE: April 24, 1977 

FACULTY: ROBERT GENCO, D.D.S. , Ph.D.; Professor of Oral Biology 

and Periodontics; Director of Graduate Periodontology, 

State University of New York at Buffalo; and DANIEL 

FINE, D . M . D . , Assistant Professor of Periodontics, Co

lumbia University 

An understanding of the etiologic aspects of periodontal disease is 

a prerequisite for the clinical practice of periodontics. Host re

sponses, particularly immunologic responses related to periodontal 

disease, have far reaching implications with respect to understanding 

the diagnosis and treatment of periodontal disease. Recent advances 

in immunology have created an increasingly complex information 

base for the periodontist and periodontally oriented general practi

tioner. 

This course will attempt to clarify the role of immunobiology in the 

periodontal disease process. 

TITLE: A Day of Periodontics and Treatment Planning the Simple 

and Complex Periodontal Case with GERALD KRAMER 

(Sponsored by Columbia Periodontal Alumni, "Home

coming Day") 

DATE: April 30, 1977 

FACULTY: GERALD KRAMER, D . M . D . , Professor and Chairman, De

partment of Periodontology, Boston University 

A stimulating day of periodontal education in a unique format, AM: 

Dr. Kramer will present the evolution of his rationale and techniques 

for periodontal therapy and point out the changes in his approach 

over the years, PM: Match your treatment planning wits with the 

expert! Initial documentation of chosen cases will be shown from 

which each attendee will work up his own treatment plan. Dr. 

Kramer will present his solution. Then the actual long term result will 

be shown. All cases will have 10 years or more record. An exciting 

and valuable learning adventure. 

For further information contact: Dr. Robert Gottsegen, Director, 

Continuing Dental Education, School of Dental and Oral Surgery, 

Columbia University, 630 West 168th Street, New York, N .Y. 

10032. 


