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PERIODONTAL TISSUE CHANGES IN 
VITAMIN A DEFICIENT YOUNG RATS 

The influences of nutritional deficiencies upon the etiology 
and pathogenesis of periodontal diseases :ire poorly understood. 
Vitamin A deficiency, specifically, is one area where contrutlic- 
tory findings and consider:ible galis in knowledge prevail. 'The 
present study was planned in an  attempt to establish a clear-cut 
deficiency state by controlled animal experiment, and  thereby 
elucidnte some consequences of this deficiency. A seconthry 
objective was to review the information :11 hand regitrding the 
influence of vitamin A deficiency on human and animal perio- 
dontiurn. 

Human periodontiurn 

Observations of population groups from areas where nu tri- 
tional deficiencies are endemic indicate a high incidence of pe- 
riodontal disease. Dfiy  (1944) examined such a group froin 
northern India, and was not able to establish any  specific rela- 
tionship of vitamin A deficiency to  the periodontnl conditions 
m:rinly because the diets were poor in vitamins A, C ,  and D a s  
well as other nutrients. 

Aided by grants from tlie California Dental Association, and the Ilegents 
of tlie University of California. 
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Recently inore precise epidemiologic studies were made by 
Krissell,  Consolnzio, di.  whit(^ ( 1961 ) and by W w r h c i u y  ( 1962). 
Uy suit:tble scoring of the periodontal conditions ant1 contributory 
factors such :IS soft and hard deposits on the teeth, these in- 
vestigators cotiltl ralionnlly r eh te  periodont;tl disease to other 
observed phenoiiiena, :inlong which was vitainin A deficiency. 'I'he 
former :iulliors, studying C:tnatli:in Eskimos, made hiochemic.:il 
tletern1in:ition o f  serum vitainin A :Inti carotene, anti found no 
increase in periodontal p:tthology in nine vitamin A deficient 
persons. The I:tttcr :iuthor, in h i s  study o f  popul:ition groups in 
Ceylon, selecteil :ibout 500 persons which were preclomin:intly 
deficient in vikimin A. 'I'he criteria for this selection were :ic- 
cepterl c1inic:il deficiency synptoms o f  serophthnlmi;i, Hitot's 
spots, anti nyct:ilopia. The conclusion wis, th:it vitamin A tle- 
ficiency should be considered not :IS :I c;ius:itive bu t  probably a s  
;I conditioning factor. 

Esperinient:il vitamin A depletion of hum:tn subjecls (Hrir i i r  & 
Krahs  1949 reve:ilerl no oral clxtnges within an o1)serv:ition 
period of 2.5 months, :tnd intlic:iled the long time required to ex- 
haust the vitamin A stores of previously well nourished persons. 
A case of severe juvenile periodontitis w:is re1:ited to vit;iniin A 
deficiency (Sirti 1958). However, in this instance it specific rela- 
tionship niay be questioned because the patient evidently suffered 
frorn multiple deficiencies, and secondly, niost cases of j uvenile 
periodontitis look d ike ,  whether they have :I contributory history 
o r  not. 

Animal periodontium 

A s  more exact knowledge of the effect of' vitamin A deficiency 
on the periotlont:tl tissues is desir:ible, v:irious investigators have 
resorted to aninid experirnentation. In vitamin A deficient 
111 o n k e y s :I transient gingivitis with localized rece\sion and 
eventual necrosis of interdental p:ipill:ie were noted (Topping d? 
Frtiscjr 1939). A histologic esaniin:rtion of the sariie rmilerial 
( Tomlinson 1939) revealed slight krratosis of the alveo1:tr epi- 
theliuiii with occasional sniall inflaniniatory foci o f  the crevicular 
and :itt:ichment epithelium. 'I'here WIS thickening of the attach- 
ment epit hcliuni, and, in one animnl, necrosis of this area. 
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In vit:iniin A deficient t l  o g s (Kin!] 1937, Jli~lltrnby 1930, 
Jlellanby di- Kin!] 1934 1 the gingiw exhibited hypertrophy of the 
epithelium untl thickening of the coriiim. Gingivitis and forma- 
tion of periodontal pockets occurred, and the periodontal Inem- 
brane w a s  irregul:irly thickened. It was not possible to produce 
perior1ont:il lesions by resection of the inferior dental nerve 
(K ing  l937>,  and thus i t  was elirninntetl that the nerve (legenera- 
tion :issoci:itetl with vitaniin A deficiency caused the periodontal 
disease. In g u i n e a p i g s ( H o y t e  1941), vitainin A deficieiicy 
produced atrophy of the :ilveol:rr hone i m l  ret:irtlation of new 
bone formation. No tendency towards gingival infection was 
noted. 

Hegarding Ihe gingival findings in vitamin A deficient r :I t s, 
two conflicting points of view have been expressed. Several 
groups of investigators (Hoylr  1938, Roylc di- R r s s r y  1941, Riirn, 
Or ten ,  & S m i t h  1941 ) tlescrihetl essentially norrnal conditions, 
whereas other groups (Kin!] 1935, 1940; Mitrshull 1927; Jlell(inby 
1941 ; Jlellrinby dt- K i n g  1931; Mi~glrini 1959) maintninerl that 
vitamin A deficiency did ciiiise gingival changes, consisting of 
epithelial hyperplnsin and hyperker:itiniz:ition, cellulnr infillra- 
tion of the coriiim, and reres4ion of the gingiva. However, K i n g  
(1940) made the statement, that the changes were not severe, 
and ”might not be generally accepted a s  evidence of p rodon ta l  
disease”. Glickmrin h S t o l k r  ( 1948) found no histologic changes 
of the marginal tissues in the absence of 1oc:il irritation. When 
1oc:il tr:iuninta were present, :I higher incidence of gingivitis as-  
sociated with epi1heli:il proliferation and hyperkeratosis was 
noted in the deficient rats. 

il’ith regard to the alveolar bone of vitamin A deficienl rats, 
various observations are on record. Mrir.shnll ( 1927) found por- 
tions o f  the alveolar bone rep1:icetl by fibrous connective tissue 
:ind :tbnormally Inrge rnnrrow spaces in the remaining bone. 
K i m ]  ( 1935),  on the basis of roentgenographic :ind gross observn- 
tions, noted rarefaction of the :~lveolar bone and loosening of the 
teeth, Boyle (1938) described no differences in the alveolar bone 
of deficient and control rats. However, if the deficiency state 
w:is rendered x u t e  by employing the offspring of deficient 
niothers (Hoyle 1 941), atrophy and resorption of the alveolar 
bone were noted. I n  rats, deficient from birth, Ml/ellanhy ( 1941 ) 
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I'ound alveolar bone of incre:ised density and cont:iining fewer 
niarrow spaces. Huts subjected to ;I mild chronic vilamin A 
deficiency (Burn  ~f IriZ. 1 M l ) ,  disphyeti pronounced osteoclastic 
activity and librous rep1;icement of the trnheculae. Srhorrr, H o f f -  
ni(in, & Smith (1911), in  rats tlel'icient from weaning, found ;I 

significantly lower rate of apposition of the molar alveohr bone 
:ind :I thicker alveolar bone around the h s e  o f  the incisor. Zrniriq 
( I  949, 195(;), examining the incisal :ilveol:ir hone of rats deficient 
from weaning, m:iint:iined that "the chief change w:is :in excess 
of osteob1:istic activity". JIiyicini (1959) started the rats  on the 
experimental diet when they were 10 c1:iys o l d .  He noticed in- 
cre:isetl osteoclastic activity, little remoilelling, nntl decreased 
formation of new hone. Further, in the deficient rats the 1nesi:iI 
root sui-f;ices exhibited the least amount o f  cementum resorption 
in contriist to the control riits, in which tlie distal root surfaces 
were the least affected. 

In :I previously puhlislied report (Frctntlscii k Bi~c.1i-s 1 R(i2 ),  

socket healing and endochondrnl ossification were investigated 
in young rats subjected to 1iypovit:rniiIiosis A. The main changes 
olmerved were :I pronounced suppression of the activity of the 
osteoclarts and :I decreased activity of the osteoblarts. In the 
same rn:iterial, :i phase contrast microscope study of the tinde- 
natured or only briefly formalin-fixed interdental papilla be- 
tween the upper incisors (Bcrzinir & FrcintlscJn 19.53) revealed 
aplnsia o f  the basement niem1)rune :in11 precocious disintegration 
of the tonofibrils of the stratum spinosum. 

Froni this perusal of the literiiture, a par t  of which h:is been 
ably reviewed hy R o g k  (1917) ,  it is evident that serious tliver- 
gencies exist regarding the 1)eh:ivior of the soft :inti hnrd perio- 
t1ont:il tissues in vitamin A deficiency. In tlie :iuthors' ra t  nia- 
terinl referred to :ibove, changes of the gingiva and the molar 
:ilveolar bone not previously reported were noted. Therefore, ;I 

detailed study of' the periodontal tissues o f  these rats was con- 
sidered of interest. 

hI.iTERl.4L AND hlETHODS 

Forty-five male rats of the Long-Evans strain were divided 
into three groups: Eighteen rats  received the vitamin A-free diet 
from the age of 11 days (seven days before weaning), 18 rats 
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served :is p:iir-fed controls, and nine rats were given the control 
diet ad lihitiun. The technique of p:iir-feeding control animals 
was employed in order to rule out that changes produced by 
inanition might be interpreted a s  heing caused by vi1:imin A 
deficiency. 'The rats were kept individually in wire bottom cages, 
and their weights :ind food upt:ike were recorded every second 
day. In order to produce a relatively st:tnd:irtlizetI 1r:tiim:i of the 
interdental tissues, :I sniall piece of freshly prepared :irnalg:ini 
was inserted between the right lower first and second molars 
while the rats were under general mesthesia. This took place 
when the rats  were 60 k 2 days old, Lint1 they were nutopsietl a1 
ages ranging from 60 to 119 (lays. The right lower jaws were 
preserved for the present study, and central sagittal sections of 
the molar regions were prepared and stained with hematoxylin 
and eosin. A tletniletl description of the experirnentnl conditions 
and the gross changes m:iy he found in the preceding paper 
(Frcintisen & R~clcs  1962 1. 

IIESI'LTS 

The rats exhibited clinical syniptoms of vitamin A depletion 
after approximately 30 days on the deficient diet. Shortly there- 
after one or more suboptiinul maintenance doses ( 3  u g  vitamin A 
alcohol in oil orally) were required to ensure surviwil o f  the 
animals throughout the experiiiient. A comparison of the perio- 
dontal tissues of the nd libitrim fed and the pair-fed rfits revealed 
no differences. This int1ic:itetl that the dietary restriction ini- 
posed on the pair-fed controls hntl no effect on the periotlont:il 
ti s s ii e s . The re fore, tli f f er ence s he twee n the tl  e fic ie n t :I nirnn 1 s a ntl 
their pair-fed controls may justly be ascribed to vitamin A de- 
ficiency. 

I3ecause of the :imalg:ini impaction between the first :inti se- 
cond molars, the only chance of observing untlisttirbed inter- 
dental p:ipill:ie would he between Ihe second and third molars. 
However, most of the rats displayed hair impaction in this area. 
In the few instances where untlisttirbed papillae were ohserved, 
no differences between control and deficient rats could be seen. 

Since the degree of hair impaction varied greatly, deficient 
and control animals with similar degrees of hair impaction were 
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selected for conip:irison. The deficient rats exhibited a n  altered 
response to the impnction of hair by displaying increased epi- 
thelial proliferation, pocket formation, and decreased ce1lul:ir in- 
fi1tr:ition o f  the I:imin;i proprin (Phte  I ,  Figs. A and 13). 

A t  the :iutopsy i t  W:IS noted that the ;ini:ilgani hiid (1isappe:ired 
froni most of' h e  rats. No record was Inzitle of when this h p -  
penetl. However, the histologic es:iniin:ition intlicaterl ;I pro- 
nounced tr:iurnntic response in  the interdental tissues hetween 
the first  :ind second molars. Here too, the reaction o f  the deficient 
rats tlevi:iterl f r o m  the controls. X l o s t  conspicuous W:IS the tie- 
cre:ised rep:iir of the interdental tissues. 'I'his w a s  denionstrateti 
in nine o f  the tlel'icient r:its by severe pocket formition, :ibsces- 
ses, or  tienutlation o f  the interdent:il sel)tuni. Sinii1:ir changes 
were only seen in  one control rut. 'The cel1ul:ir infiltration and 
the pronounced bone resorption in the other control r:its mere 
indic:itions o f  the previous t r ; i i i n ~ ~ i ,  but repair w;ts well :itlvancerl 
(Plate  I ,  Figs. C anti 1 ) ) .  In  the deficient rats, the hone resorp- 
tion nornxilly :issoci:itccl with inf'l:inini:ition and bone necrosis 

Deposits of' c~ilculus ant1 clebris on the mesi:il surf':ices o f  the 
first molnrs  were frequent findings in control :IS well a s  deficient 
:ininials. Hair impuction in this :ireit '~\T:Is only observed in one 
animal. \Vhile these deposits elicited :I mild int'l:iInin:itory reac- 
tion o f  the :id.j:icent tissues, the outer gingiv:iI surfaces of the 
control rats were :iIw:iys free froni pa thologic changes (Plate  2, 
I'ig. A ) .  In the deficient rats, c1i:ir:icteristic deviations f r o m  the 
normal condition included the pocket epithelium which displayed 
:in incre:ise in  thickness :ind pro1ifer:itetl along the ceInentuni; 
:ind the epitheliuni covering the outer surf:ice, which showed 
foc:il interruptions of the b:isement menil~r:ine (I'lnte 2, Fig. 1 3 ) .  
Higher tnagnification (1'I;ite 2, Fig. C)  indicated that  the :rtrophy 
of' the  epithelium W;IS :issoci:ited with liqueI':iction o f  the  str:itum 
germin:itivuni miking  a distinction between epilhelium :ind con- 
nective tissue tlifficult. In the control rats, the tr:insition;rl epi- 
thelium of' the gingiw to n i~ icos :~  w a s  composed of :I few layers 
of cells distinctly corresponding in ~norphology to the epithelial 
luyers. In the tlef'icient rats, pronounced :itrophy o f  I h i s  epithe- 
lium was observed ( P h t e  2, Fig. I )  1. \Viiile ;ire:ts of' atrophy of' 
the gingival :ind mt~cous  niem1)r:ine epitheliii~n mere seen in 

\v:i s suppressed. 
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niost of the deficient animals, liquefaction zones were only ob- 
served in 21 third of them. 

When central sagittal sections of the alveolar bone of control 
and deficient animals were compared (Plate 31, :I difference in 
the :irchitecture o f  the interratlicular hone w:is noted. While 
large ni:irrow cavities were present i n  the control rats (Vig. A ) ,  
the corresponding areas in  the deficient rats were char:icterizetl 
by the presence of bone tr:ibecul:ie (Fig. 13). The :tlveol:ir. bone 
of the control rats disp1:iyecl evidence of the physiologic tlist:il 
movement of the molars, i.e. bone w a s  deposited on the surfaces 
mesi;il to the roots, whereas the hone clist:il to  the roots w a s  
tiornin:iled by resorption lines :ind discontinuities o f  the larnel1:ir 
systems (Plate 4, Fig. A ) .  In the deficient rats, the mesial bone 
exhibited :tpposition, a s  in  the control animals;  but  iilso, the 
distal hone w i s  characterized by apposition indicated hy apposi- 
tion lines and int:ict 1:iniell;ie (PI:ite 1, Fig. 1 3 ) .  l'he periodont:il 
membranes of the deficient rats ;ippe:iretl to he narrower than 
that o f  the controls. This  observation could be made only when 
strictly conipirnhle sections of :I deficient animal :ind its p i r -  
fed control were :ivail:iMe. These inshnces  mere too few to pet'- 
mi t :I ny conc I LI sions from :tc t ii:i I ni e:i surern en t s. 

The tissues examined histologically inclutled portions of the 
minor siiblingual s;tliv:iry glands. The gland tissue in the de- 
fic.ient rals displ:iyerl :I reduced number of :icini, :itrol)hy, hiit no 
Iteratinizilion, of  the duct epithelium, fibrosis, and varying de- 
grees of :itrophy of the secreting cells (Plate  1, Figs. C :in[{ I ) ) .  
M:trked lyniphocytic infiltration, especi:illy of serous glands, was 
:ilso noted 

Gingival changes 

The in1erprel:ttion o f  changes observed in the interdental pa- 
pi1l:ie of' r:) ts is encumhered wilh the lack o f  st:indardization of' 
the influence o f  the outer environment. Coarse diets n 1 : i y  give 
rise to foreign hotly imp:iction with resulting p:ithologic chiinges 
o f  considera1)le extent (Frtrndscii 1962 ) .  Purified diets of pow- 
dery consistency cannot exert mech:inic:il tr:iuni:itn on the in- 
terdental p:ipillae, but rats raised on such diets nwy exhibit 
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pathologic changes c:iusetl by hair irnp:iction. The technique of 
:ini:tlg:tni impaclion was employed in the present study in  order 
to effecl ;I severe and somewh:it st:~ntI:irdizetl 1r;runi:i o f  the in- 
lertlenlal papilla. However, even lhough i t  \ w s  attempted to 
insert pnrticles of the s:tnie size with the same pressure, it WIS 
inevit:ihle that  variations did occur. Further,  i t  w:ts noted a1 
:iutopcy that the retention tiiiie of the :tinalgain varied greatly. 

An attempt to overcoine these in:iccur:icies W:IS m:ide by coin- 

paring control :inti deficient anim:ils with :tpprosiniately the 
mine degrees of interdental tr;iuni:it:i. The  soft tissue changes 
(Pl;tte 1, Pigs. A and R) indicate trends rather than specific 
allerations. The illustrations, which it re represenlative of lhe 
in:ileri:tl, show :I tendency toaurds  increased epithelial prolifera- 
tion and pocket formntion :IS :I response to foreign hotly iinpac- 
tion. Whereas thic epit1ieli:il hyperpl~isia is in :iccordance wilh 
th:it found in other studies on  rats (Glickmon & Sliollcr 1948, 
King 1940, Ml.lcll~rnby 194 I, J le l lmhy  & King 1834, , l / ig lmi  195!)), 
dogs (Kin{g 1935, Y ~ ~ l A ~ ~ n h y  1930),  antl monkeys (Tornlinson 
1939), the hyperkerntiniz:itioii of the interdental papill:ie ant1 
the gingiva described by most of these :iuthors w:is not noted in 
the present material. A s  ;I possihle espl:in:ttion, i t  is  worth rnen- 
tioning 1h:tt the gingiva of lhe ra t  normally is  ni;irliedly keratin- 
i a t l .  A distinction between normal anti increased ker:itiniz:ilion 
inay therefore he a matter of n r:ither subtle qunntitntive judge- 
ment. The  untiisturberl intert lentd papillae o f  control antl cle- 
ficienl rats were covered by reduced en:iniel epithelium which 
wts not Iteratinized. 1):ini;ige to  the intertlenlul papilh resulted 
in ingrowth o f  or:tl epithelium which repl:tced the reducer1 en- 
amel epitheliuni. 'l'hus il \ w s  obvxverl thal, subsequent to 
traiiin:t, the inlcrdental tissues were covered by ker:rtinized orul 
epitheliuin in both control and deficient rats. 

'l'hc foreign hotly impaction which complicnlerl the interpretn- 
tion of lhe interrlentnl tissue changes \ m s  pr:rctic:illy never seen 
at the gingival margins mesi:rl to the first or distal to the lhirtl 
n1ol:tr.s. 'l'herefore, lhese regions offered possibilities for exicl  
coin par i so ns o f control a n  (1 de fic ien t m i  i n i t  1 s . So f t and ha r d 
tfeposils in the gingival sulciis of these :ireas were frequent 
findings in control as well :is deficient animals. While this coulcl 
elicit inf'1:rnim:itory changes of  the sulcul:ir tissues, the outer 
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gingival surface normally remained unaffected. The changes il- 
lustrated in  Plate 2 were located to  the outer gingival surface. 
They were considered specific vitamin A deficiency changes 
in that they were distinct pathologic alterations frequently en- 
countered in  the deficient :inirn:ils, and never were observed in 
the control animals. For a long time it h:rs been mnint:iinetl that 
"the specific tissue change due to deprivation of fat-soluble rita- 
min A is rep1:icement of mrious epithelia by stratified squnrnous 
keratinizing epithelium" ( Wolhnch dz Hoiur 1925). The present 
study antl a foregoing one ( R m m e  & Frcmdscn 1953) offer evi- 
dence that even epithelium, which is normally stratified, s q w -  
moils and keratinizing may undergo changes in this deficiency. 

Healing 

The decreased capacity for healing may be connected with :I 

deficient inflarnmatory response (Plate 1, Figs. C and I)) ,  antl it 
focusses the attention on the effect of vitamin A on the resistance 
to infection. It has been assumed that vitamin A has n specific 
effect :is :in anti-infective vitamin (Royntoti & Rrudforrl 1931, 
Grcrn dz Mellnnby 1928). However, this specific effect has been 
questioned (Clmsrn 1938), and the fact that vitamin A deficient 
:inim:ils often die from some kind of infection has  been explained 
by general debility or by the decre:ised resistance of lining mern- 
hranes secondary to gland :itrophy. I,:ttely, a study of vitamin A 
deficient germ-free rats  (l3wnc.r 196 1 ) presented evidence that 
vitamin A is not :i specific anti-infective agent. In these rats, 
death supervened independently of the germ-free state, antl 
survival time was not increased. The deficient rats of the present 
study were severely tiebilit:ited, and this is offered :IS :in ex- 
planation, :tlthough not quite satisf'xtory, for the failing healing 
of the interdental tissues. The absence of sequestration or resorp- 
tion of necrotic bone may be a contributory factor. 

Bone changes 

The bone changes, which are  also considered specific, appear 
to be the consequences of suppressed osteoclast function. The 
effects of this suppression :IS regards the healing socket after 
tooth extraction and the process of endochondral ossification 
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were described earlier ( F r c i n t l s ~ n  & Becks 1962).  The  findings 
of that study :ire consistent with the behavior of the :ilveol:rr 
bone in the present study. Thus  the resorption of the :ilveolar 
crest seen in the control xnini;ils in connection with inf1:irnni:ttory 
ch:inges of the intertlent:il papilla \ w s  absent in the deficient 
anini:ils (Plate 1, Figs. I3 : int i  (1) ; I h e  ~ i i : ~ r r o w  cavities o f  the 
del'icient :inirn:ils 11ec:inie p i r t ly  o1)liter:itetl I)y hone trnbeculae 
which were unchecked by resorption (1'l;ite 3 )  ; :ind finally, the 
alveolnr bone surfaces, which norni:illy exhibited resorption 
coincident with the dist:il movement o f  I h e  rat mol:irs, were not 
resorl)etl, but 1)ecanie the seat o f  hone :ipposition (Plate  1, Figs. 
A :inrl 13). 

'I'he :ilveol:ir hone o f  the upper  incisors, which w:is not ex-  
;iniinerl in the present study, w a s  investigilerl in vitainin A 
deficient rats by Scliorir P t  (11. (1941 and Irning (1949, 19.56). 
They found a n  increased thickness 01' the funclic :tlveol:ir bone 
with riitiltiple tongue-shaped bone spicules projecting Lo\wrd 
the tooth. Irriin!g ( 1910) further descri1)etl widening o f  the  niax- 
il1:iry Inbi:il hone  and apposition o n  siirf:ices o f  the :ilveol:ir hone 
where norm:illy resorption Lakes place. He also noted :I suppres- 
sion of osteocl:istic activity, and rii;iint:iinecl that this was :I 

mit t e r  of the osteocl;ists heing overshatlowed by excessive ac- 
tivity o f  the osteob1:ists. However, this explanalion w i s  ques- 
tionetl by Frcintfsc~n & Hwks ( 1062 ) ,  who tlernonstr;itetl rel;irtlerl 
h n e  formation i n  the he:iling toolh socket in vitamin A-deficient 
rats. 

( h n g e s  o f  the incisor :ilveol;ir hone similar to  thosr rnentionetl 
:ibove were reported by Irving, Pintihorg, I4tzhrcyh, TV(Jinmmn, 
c t  Scliolir ( 1952) in mts fed sodiurn still'ite, which producctl 
symptoms of vit:iniin A : ind E tleficiencies. Thus, despite con- 
flicting explanations it :ippears th:it reasonn1)le consistency exists 
regarding the changes o f  the nio1:ir periotlont:il tissues reportetl 
in the present study :ind those of the incisor periorlontal tissues 
tlesc rihetl 1) revioii sly. 

The objection m:iy be raiserl, t h t  the ir1ip:iction of' ;im;ilgnm 
between the first and second molars could exert orlliorlontic 
forces :ind thus influence the bone picture. 'I'his objection is noi 
consiclcretl valid hecniise the :imnlgS:iin w i s  no1 retained for :I ny 
consitler:il)le length of time, and secondly, i t  coultl not esert  :I 
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continuous force. Further ,  the control aniiiials displayed no 
evidence of' orthodontic forces, and  the bone pattern ascribed to 
vitamin A deficiency could also be observed :iround the second 
mol :i r s. 

Although it  w:is not a topic for the present study, i t  is felt 
that  ohserwitions of the  root-hone relationships in vitamin A 
deficiency cornbinecl with niensurement of toolh inovements may 
furnish informiition for further ev:iluation o f  the principles 
underlying physiologic tooth movements. 

Salivary gland changes 

\Vith regiirtl to the s:iliv:iry gl:intIs, little has been :idtled to  
the excellent account of  these :ind other tissue changes in  vita- 
min A deficiency given by ll'olhnch & H o m c ~  ( 1  925). 'I'he present 
findings (Plate  4, Figs. C :inti 1)) were consistent \villi earlier 
descriptions, with the rnorlification that :itrophy of the t l  uct 
epithelium w:is more conspicuous than  1iyperker:itiniz:ition. The  
lack of hyperker:itinizntion o f  the gingiwi ant1 the snliv:iry ducts 
observed i n  the present study, ant1 the fact that  HCm(,r (1961 ) 
found no cases of hq'perker:itiniz:ition of skin, hair  follicles or  
s e h c e o u s  tliicts in vitamin A tlel'icient germ-free r:its, indicate 
:I need for further clarification of the postul:itetl specificity of 
the epithelinl 1~yperker:itinization in  vitamin A deficiency. 

1 lie ohserwtion of salivziry gland changes brings L I ~  the (pies- 
tion whether xerostomia 'W:IS :I factor in producing periodont:il 
:ilter:itions. No cpialit:itive o r  cpantit:itive snliva :in:ilyses were 
performed, 1)ut gross obserwi lions during the experiment :ind 
:it autopsy intlicntecl no  striking dryness of the r:its' mouths. 
Further,  histologic exnniin:rtions o f  the g1:inds did not show 
complete destruction o r  severe reduction in the numher of acini. 
'Thus, while some clisturbnnces in snlivary secretion must  he 
presumed to  have occurred, i t  is  not likely Lh:rt they were of 
niajor iniportance. 

'The fnct that  no severe destruction of the pel-iodonlnl tissues 
occurred in  these animals, which suffered from :I degree of tle- 
I'iciency barely cornpalihle with life, m:iy lend support to the 
concept th:it vitnniin A deficiency is not :I major causative factor 
;IS regards human periodontal disease. 

., 
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Forty-five male rats were divided into three groups : Eighteen 
rats received the vitamin A-free diet from the : ige of 14 tluys, 18 
rats served :IS pair-fed controls, and nine rats were given the 
control diet crrl l ib i f i tm.  At the age of 60 * 2 tl:iys nmnlgam \\US 

inserted into the interdental area between the right first and 
second lower molars. Groups of tlel'icient and control :inim:ils 
were killed a t  ages ranging from 60 to 119 days. The right 
mandibles were clisnrticiil:ited, :inti central s:igitt:il sections of 
the mo1:ir :ire:iy were prepared and st:iined with hernatosylin 
and eosin. 

Gross deficiency symptoms wcrc~ manil'estecl ;ifter approx- 
imately 30 days on the diet, whereafter suboptim:il nxiintennnce 
tloqes of vit:tmin A were required to ensure siirviv:il throughout 
the experiment. Histologic exnmin:ition ol' the periodontal tissues 
reve:iletl changes, specific and nonspecific, of the gingiva as well 
;IS the alveolar hone. The specil'ic changes comprised focal le- 
sions of the gingiva characterized by epithelial atrophy and 
I iq tie f:ic t ion, :I 1x1 hype rc el 111 1 ar i t y o 1' the Inn i  i n:i pro pr ia . 0 ther 
specific changes mere o1)served in the alveolar hone, and suppres- 
sion of bone resorption w i s  considered to be the responsihle 
f:icLor. S:tliv:try g1:incl changes comprised :itrophy of the duct 
epitheliuin, red iicetl ntiniber :ind :ttrophy of :icini, fibrosis, and 
sialondenitis. 

The non-specific :ilkrations were tendencies towartls :in in- 
cre:isetl pro1ifer:rtion of the interdental piipi1l:t epithelium, a 
deficient inflnmmatory response, m t l  reduced capacity for 
henling subsequent to trauma ol' the  intertlent:rl tissues. 

RBSr.>lri 

ALTERATIONS DES TISSUS PARODONTAUX L)K JEUNES RATS PKIVES 
UE VITAMINE A 

(2u:ir:inte-cinq rats niiiles ont btC rbpiirtis en trois groupes: 
Dix-huit rats on requ, deptiis 1'Lige de 14 jours, un rbgiine privC 
de vitamine A, 18 rats, nourris par paires avec les premiers, ont 
dt6 utilisks A titre de contrOle, et neuf rats ont r e p  le rCgime de 
contrble ad libituni. A 1'8ge de 60 ? 2 jours, de l'aiiialgatne :I 

l t k  inskrd (Inns la  rlgion interdenhire tle 1:1 preniikre et de la 
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seconde molaires infkrieures tlroites. lles groupes t1’:~nimaux tle 
carence et d’aniniaux de contr6le ont Ptk tuCs B des Ages allant 
de 60 h 119 jours. Les mandibules droites ont ktb dks:irticulCes, 
et tles coupes sagiltales des rkgions niohires ont Ctcl prepirkes 
et colorkes it I’hdmntoxyline-kosine. 

Aprks avoir r e p  le rkgime pendant 3 0  jours eriviron les ra ts  
ont prPsent6 des synipt6nies niacroscopiques de carence, et il a 
fallu ensuite ndministrer tles doses suboptininles de vitamine A 
pour nssurer la  survivance tles :mimaus pendant le reste tle l’es- 
pkrience. L’esamen histologique des tissus p:trotlontaux a montrk 
des dtbrations spbcifiques et non-spbcifiques de la gencive et de 
1’0s alvkolaire. Ides nlt6rations spkcifiques comportaient tles 16- 
sions focales de la  gencive c:tractC.risGes par I’atrophie et I:I li- 
c1ukf:iction de l’kpithelium, et p:ir l’hypercellularitk de In laminn 
propria. D’autres ult6rutions spkcifiques ont C t C  observkes dans 
1’0s alvkolaire, ou on a consider6 coiiinie filbinent r6sponsable la 
suppression tle la rksorplion osseuse. Ides altkrations ties glandes 
salivaires cornportaient l’atrophie de l’kpilhklium du canal ex- 
crkteur, l’ntrophie et I n  rkduction tlu nombre des acini, la fibrose, 
et I’inflamniation des glandes salivaires. 

Les :iltr;rutions non-spdcifiques cornprenaient d e s  tendences :I 

line augmentation tle In prolifkration de I’kpithClium de I n  pa- 
pille interdentaire, line rkaction influmnintoire dirninucle, et line 
diminution de la  cicntrisation aprks contusion des tissus inter- 
den taires. 

ZUSAAIRIENFASSUNG 

DIE PARODONTALEN GEWEBSVERANDERUNGEN BE1 JUNGEN RATTKN 
BE1 MANGEL AN VITAMIN A 

45 miinnliche Hatten wurtien in  3 Gruppen eingeteilt. 18 von 
tliesen wurden - 14 Tage d t  - mit Vitamin A-freier Nahrung 
gefuttert. Weitere 18 Hatten stellten pa:irweise gefutterte Kon- 
trolltiere dar, wiihrend 9 Ratten mit tler Kontrollnahrung in 
beliebiger Menge gefuttert wurden. Als die Tiere 60 k 2 Tage alt 
waren, wurde Am:ilgam in den Interdentalraum zwischen erstem 
untl zweitern Molar des Unterkiefers gepresst. Die Gruppe der 
hypovitaminotischen Rntten und die tler Kontrolltiere wi rden  
sodann im Altersintervnll zwischen 60 und 119 Tagen getolet. 
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l h s  rechte Mantlibel wurtle exnrtiktiliert, wonach n1:in zentrale, 
s:igiltalc Schnitle von den Molarregionen herstellte. 1Xese 
Schnitte \vurtlen mi l  HBm:itoxylin iinrl Eosin gefiirbt. 

Die h?.1)ovitoiiiinotischen Halten miesen rn:ikroskopische 
M:ingelsyniptome auf, n:ichtleni sie nngefiihr 30 Tage king die 
Versuchskosl crhalten hatten. Nach diesem Zeitpunkt war es 
erfortlerlich, stiboptim:ile Er1i:ilt ungsclosen r o n  Vitamin A zu 
verabfolgen, uin diese Halten his zuni Ahschlnss cles Versuchs 
am Leben erhnlten zu kiinnen. I)ic histologische Untersuchung 
d er 1x1 rodo n t :I 1 e n Gew e be wie s sow oh I s pezi f i sch e N 1 s ti n s pezi - 
fische Veriinderungcn an  clcr Gingiva uncl in den1 die Alveole 
unigel)eiitlen Iinochengewehe auf .  I)ie spezifischen Veriintler- 
iingen bestanclcn i n  iirtlichen Gingiw Iiisionen, (lie tlurch Atrophie 
unrl Verfliissigung des Epithels untl tlurch eine Zellvermehrung 
in tler laniin:i propria ch:irnkterisiert \wren. Andere spezifische 
Veriintlerungen f'and miin ini :ilveol:iren Knochengewehe. Diese 
hat m:in als cine Folge gehernmter Knochenresorption ;iufgef:rsst. 
In den Speicheltlriisen \vurtle eine Atrophie des Epithels tler 
~ t i s l i i l i run~sgange ,  eine solche der Acini tint1 eine hernbgesetzle 
Anz::thl clersellien, sowie Fibrose und Enlziintlung der Driisen 
heolxichtet. 

Die unspezifischen Versntlerungen 1)esl:intlen in einer Neigung 
zu verniehrter Proliferation des Epithels der Interdentalpapillen, 
einer inange1h:iften Entziindungsrenl<tion und eineiii herahge- 
setzten Heilungsverniiigen mirh Beschlidigungen tles intertlenta- 
len Gewcbes. 
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Plate 1. 

Iiitcrtlental tissues of  lower molars. liematosyliri-eosin staiii. Origiiial niagtiilica- 
tion v (il. 

‘2. . \rea I)ct\veeii secoiid slid thirtl molars f r o m  a 55 day o l t l  coiilrol rat .  Sot iee  
el)itlielial a n d  coiiiicctive tissue reaction to hair impaction. 

1%. S:iiiie area I’roni :I 108 tlay oltl deficient rat. Hair inipactioii is aswciatecl with 
1)roiiouncetl epithelial proliferation and a tlimiiiishecl iriflainmatory response of 
tlie coiiiiective tissue. I’ocket forinatioii has occurred a t  thc  sccotitl molar. 

(:. ;\rea I)ct\vccii l in t  aiitl secoiitl inolars froiii a 69 day olt l  control rat five (lay\ 
aftcr iiiscrtioii of ariialgarii. There is niotlcrntc epithelial proliferation ant1 round 
cell iritiltlatioii. Osteoc-lasts are resor1)iiiy tlie crest of the iiiterdcntal septufri. 

I ) .  Same arc:\ from :I 50 day  oltl deficient rat  live days af ter  iiiscrtioii of amalgani. 
Notice pronoiinc~etl epithelial Ilrolifcratioii ant1 1)oclict fortnation, necrosis of 
the crcst, ant1 little evidence of boiic rcsorptiori. 
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Plate 2. 

Gingiva mesial t o  tlie r ight  lower molar. 11ciii:itosglin-co~iii stain. 

A. (i9 d;ty old coi i l ro l  ra t .  i\ niiltl inflamniatory reactioii t o  thc presence of t l c lmi ts  
on the  eiiamcl may be seeti. 'I'he gingival crest atitl outer  surfacc is covered by  a 
thick squainous keratitiiziny epitheliuni. Original i~iagiiificatioii x ti.1. 

13. 76 day old tlcficient ra t .  Xotice I)rolifcr:itioii of t h e  sulcular epithelium a n d  foci 
of a t rophy of the outer epithelium. Origiiial tiiugiiification x ( i l .  

C. Hiylicr riiagnificatioii of the u1)l)cr rncloseil area froin I:ig. 13. 1,iquefaction of the 
s t r a t u m  gerniiii:itivurn, and hyperce1lol:irity :iii(I slight Ig~nl )hocyt ic  ititillralioii 
of the 1nniiii:i 1)rnpria arc noted.  Original iiiagnilicalioii ". 260. 

1). I lighcr mngiiific:itioii of the  lower riiclowtl arca f r o i i i  I:iy. I<, Nolice ;rtroI)Iiy o f  
t h c  cpitheliuni and hypercellu1:irity of the laiiriii:i propria. Origiiinl magnifi- 
cation x 2(jO. 
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Plate 3. 

hlvcolnr  boiic of lower first inolars. f 1em;itosyliii-eo~iii stain. Original Iiiagiiili- 
catioii 4 3;. 

A. ti7 (lap oltl control rat. I.argc iiiarrow cavities of  the iiitcrradicular bone are S C C I I .  

B. $3 day oltl dcficieiit rat. Narrow cavitic\ are owup i r t l  by lmie trabeculae. 
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Plate 4. 

1)islal roots ot’ lower first irioliirs, nirtl iri~icous glaiitls. I Ierriatoxyliii-eosiii staiii. 

-1. 109 (lay old coiitrol rat. The alveolar I~oiic iriesial t o  this root is c.liaracterizct1 
1)y intact  larriellar s y s t e m s ,  while t h a t  tli\t:il to  t h e  root exhibits (liscoiitiiiuities 
of t h e  lamellae. Original magiiificatioir x l i  1. 

L3. l(19 (ley old clefic-ient rat. l‘hc surfaces of t lie alveolar I)oire display eviclciice of 
bone api)osition oi i  the nicsial a s  well :IS t l i t s  (listill sitlc of the  root. Origiiial 
magiiilicntion x (i4. 

C. A l u c . 0 ~ ~  :icini i i i r d  duct from :I (i!) (lay r ) l t l  control  rat.  Origiiial iu:ignifica- 
tion x XO. 

1). .\Iucous :rciiii and duc t  from a IOII  clay oltl tleficieirt rul. Sotice atrophy of the 
cluct epithcliurri, fil)losis, a i i t l  atrophy and reduction in  i i i i i n t m  of :rcini. Origiiial 
iiragnific:itioii x 260. 
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