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INTRODUCTION 

Based upon the experience that caries does not develop below the gingival 
margin, restorations for caries-prophylactic reasons are commonly extmded 
subgingivally. Also the retention and aesthetics of crowns may be improved 
by placing their margins below the gingival border. 

Thus, it seems well justified to finish the restorations close to the bottom 
of the pocket. However, experimental histologic investigations in animals 
have revealed unforeseen adverse effects on the soft tissue as a consequence 
of such procedures (Vuerhaug, 1956a, 1960; Vuerhuug & Zunder, 1957). 

The aim of the present experimental series is to study the clinical and 
histological reactions in the gingivae following the application of different 
types of sub- and supra-gingival restorations, which as closely as possible, 
are made under conditions similar to those in an ordinary dental practice. 

MATERIAL AND METHOD 

Two adult dogs and three monkeys were used. The animals had healthy 
gingivae with localized areas of gingivitis. Only teeth with clinically healthy 
gingivae were chosen. All the clinical procedures were carried out under 
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Nembiital* (etyl~)iityl-l-melyl ba r lh i r i c  acid) or Sernylan** (phencyclidine) 
anaesthesia, and the following restorations were niatle: 

21 full gold crowns (shoulderless preparation), 
6 rriicro-1)ond crowns (shoulder preparation), 

15 class V gold inlays, antl 
9 class V heat-cured acrylic resin inlays. 

One third of the different types of restorations were finished one milli- 
meter or less ahove the gingival margin, whereas the rest of them were ex- 
tended into the pocket. The preparations were carried out under water spray, 
by means of ordinary burs, diamond points antl discs. 

Temporary crowns antl fillings were applied during the period of one 
week between preparation arid  cementation. 

For the iiilays the direct impression technique was employed and for the 
crowns the indirect technique. The indirect impressions were either taken 
with copper bands antl compound or with rubber hase in specially fitted 
resin trays. In tlie latter case, the gingivae were retracted l)y means of Gingi- 
Pal<. 

The majority of the crowns antl iiiluys fitted well. Two subgingival gold 
crowns, one subgingival micro-bond crown and two siibgingival gold inlays 
displayed minor marginal inaccuracies, but they were inserted in spite of 
that. The fit of all the class V acrylic resin inlays was mediocre. One suhgingi- 
val gold inlay fell out aboiir 3 months prior to tlie animal's death and the 
cavity reniairietl unfilled. All the restorations were cemented with zinc 
pliosphate cement. 

To study the effect of tlie prel)aration p r  w, 43 suhgingival crown prepara- 
tions were made, hut crowns were riot inserted. Liltewise, 4 subgingival class 
V cavities were filled with a zinc phosphate cement to study the effect of 
this material. No oral hygiene rneasiires were nndertaken during the obser- 
vation period, which varied froin 2 to 12 months. Teeth with clinically healthy 
gingivae served as nornial controls. In the inlay cases, normal control sec- 
tions were taken froin tlie same teeth, either mesially or distally to tlie inlay. 

The animals were sacrificed under Nerrihtal anaesthesia and the jaws 
removed arid fixed i r i  10 :(, neutral hufferecl formalin. After fixation, the 
occlusal surfaces of the crowns were perforated to facilitate the penetration 
of the 5 yo nitric acid. After tleralcification, which also dissolvecl the 
phosphate cement, the restorations could easily be removed w i t h i t  visihle 
daniage to the adjacent gingivae. However, plaque attached to the restora- 

*Abbott Laboratories, North Chicago, Ill. 600 64, U.S.A. 
**Rarke Davis CO, Stainrs Road, Middle 6, Hounslow, England. 
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Fig. 1. Dog. Control gingivae. Pocket epithelium (e) of uniform thickness, the basal layer 
follows a straight line. d, dentine. x 100. 

tioris, was often removed at the same time arid thus lost its contact with 
the soft tissue. The specimens were seciioiied bucco-lingnally (6- 10 p) ,  

and stained with haemotoxylin and eosin. 

HEYU1,TS 

Clinical tmmLinntivn. The gingiva adjacent to 5 out of the 18 subgingival 
crowns was inflamed. In 2 of these cases the gingival margin was magenta 
in colonr, swollen and bled on slight pressure; in the other three cases the 
symptoms were moderate. The signs of inflannnation tended to be more 
pronounced the deeper the preparation and the less accurate the fit of the 
crowns. The soft tissue around the remaining subgingival crowns was similar 
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Fig. 2a. Dog. Full crown case. Thc margins had a slight overhang and were placed nrar thp 
hottom of the pocket. The gingivae rcccdctl and a dense inflarninatory infiltration (i) is prcscnt 
in the connective tissue. Epithelium is hyprrplastic with numeriius and extensive rete pegs. 

Twelve months observation. x 27. 
L. Greater ~nagnification of the cuff arw.  x 100. 

in appearance to that adjaceii 1. I o tlie utioperatetl teeth. The reaction to the 
full gol(1 crowns and the iriic.ro-bont1 crowis was similar; in hoili iristunces 
the gingivae hiid receded slightly. 

Thc gingival conditions a(ljac.t,rit to the siihgirigival class V inlays Mere 
generally similar to  those adjacwit t o  tlie crowns. Tlic acrylic resin inlays 
gave the poorest results in contrast to  the well fittirig class V gold inlays 
wliic*h were the  best tolerated of a11 the sn1)gingival restorations. 

The gingival conditions of tlie tliffvrerit tyiws of supragingival restorations 
were similar to those of iitiop-ated tectli, only a slight reaction was disc~errii1)le 
at 2 acrylic inlays. 

No signs of iiiflannnation were observed where preparation had bcen made 
witlimit suhseqiicnt insertion of restorations. All the 4 subgingival phosphate 
cement fillings were associated witli considerable gingival reactions. 

IIistoZogicaZ cxuminatiori. In the gingivae of control teeth, which  had 
beeri classified as clinically healthy, iiiflannnatnry cells were rcgularly pres- 
erit in the niarginal part. It1 some cases, liniitetl rete pegs e x t e d e d  into  lie 
connective tissue. In most of the coiitrol cases the epithelial cuff was of 
uriiform tliiclmess and tlie Iiasal lnycr followed a straight. line (Fig. 1). 
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Fig. 3. Dog. il Vicro-Bond crown was placed which on probing was classified as relatively 
well fitting. Considerable plaque accumulations (p) and corresponding inflammatory reactions 
adjacent to the crown margin. Thc shoulder preparation was placed near the bottom of the 

pocket. Sixth months obsprvation. x 100. 

In tlie gingivae adjacent to the different types of subgingival crowns in- 
flammation of varying degree was an alrriost constant finding, even if the 
reaction was mild in most cases. The crowns which ha(1 been extended deepest 
into the pocket, and those with iriargiiial inacciiracies, were regularly- asso- 
ciated with the poorest conditions. Here a h i d  of inflammatory cells could 
be followed from the gingival margin beyond tlie apical part of the pocket. 
Numerous rete pegs penetrated into thc inflamed connective tissue, arid an 
increase of thc inflammatory reaction was often observed corresponding to 
the margin of tlie crowns (Figs. 2a, b). In  some cases small accumulations of 
plaque werc observed (Fig. 3 ) .  By and large the two different types of crowns 
induced the same degree of inflaairnation, althoiigh the conditions around 
tlie full gold crowns tended to he better. 

The two impression techniques gave similar results. 
Among the subgingival (:1 V restorations the acrylic inlays and tlie 

moderate fitting gold inlays caused the heaviest inflammation (Fig. 4). The 



Fig. 4. 

Fig. 5. 
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Fig. 6a. A class V gold inlay frll oot and the cavity was left open. The gingivae surrounded 
by plaque accumulations proliferated into the cavity. Heavy inflammatory reactions occurred. 

Three months observation. x 27. 
b. Greater magnification of the reaction area. x 100. 

well-fitting gold inlays gave the most favonrable results of all the subgingival 
restorations (Fig. 5), although a slight reaction was obeerved in the tissue 
adjacent to the inlays as cornpared with the control areas mesially or distally 
to them. In the one case, where a class 17 gold inlay had fallen out, the gin- 
givae, which had proliferated into the cavity, tlisplayetl a severe inflamma- 
tion (Figs. 6a, b). 

Fig. 4. Dog. A nioderate fitting class V gold inlay was cemented. Considerable inflammatory 

Fig. 5. Dog. A perfect fitting class V gold inlay was cemented. Gingival rcactions arenegligihle. 
Ten months observation. x 100. 

reaction. Four months observation. x 100. 



Crow-ns am1 inlays finislied siil)ra-gingivally ~~ndouhtedly  gave the Iwst 
results, even if blight inflaniniat ory reactions were also observed in some of 
tl1ese c’ases. 

Vliere siihgiiigiral 1~rel)arntioris had 1)een carried out, without placing 
restorations, only niirior gingival reactions occurretl. All t he  siibgitigival class 
1: i)liospliate ceincrit fillings werc n 

Plaqiit; v-as 01)wrvetl i n  many of tlie siil)giiigival cases, antt occasionally 
also iii tlie sii1)r~i-gingival oiic~s. In tlic su1,gingiral rnstorations the plaqtit’ 
was as  a rule found w-itliiii tlie pocket area, whereas in the supra-gingival 
rases the p l q i i e  WUF mostly localized aliove the gingival margin. It. slionltl 
1)e noticed, however, that ~)lnc~iie w a s  easily l o s ~  u-lien removing the restora- 
tions or (luring the Iii )logical procedures. Plaque, wlierever present in the 

1)ocket areas, was always associated with inflarnniatioii (Fig. 3 ) .  Miiior pla- 
que nccurriiilations were also foimd in some of tlie control sections. 

Tliere were no ap1)rccialile differences in tlir gingival reactions between 

riatetl with severe inflammations. 

dogs and rnonkeys. 

DISCLSSION 

The density of iriflamrnatory cell exudate and tlie extension of the rete pegs 
have been used as parameters in the histological evaluation of the gingival 
tissues (Zachrisson & Schultz-Hnudt, 1968). However, in a study like the 
present one, it is I-iartlly feasihle to  express the fiiidiirgs in exact terms. 
Furthermore, wlien evaluating the findings it should be kept in mind that 

also the control gingivae in some cases displayed slight inflammation. This 
is in keeping Tvitli tlie generally held oiiniori that slight inflamniation is a 

coninion histologic ohservat ion in clinically Iiealtliy gingivae (Schultz-Haudt 
& From,, 1961 ; ~o~chri.sson d;- Schwltz-llaudt, 1968). 

When thc gingiva adjacent to supra-gingival restorations was coin1iared 
with control gingiva, no obvious tiifferrrice could be olwxved. This indicates 
that supra-gingivally located crowns and fillings scarcely interfere with gin- 
gival health, and tliot tlie injuries inflicted upon the soft tissues during pre- 
paration, iniprcssiiori talciiig and cementation are of no permanent consequence. 

Conversely, inflammation of varying degree was present in the gin&’ ’lvae 
adjacent to practically all the sithgingival restorations. In  this respect tlie 
junction hetwecn tooth and restoration is most likely a critical zone since 
conspicuous inflaniniatory reactions ant1 plaqiie deposits often occiirre(1 just 
adjacent to this junction (Fig. 3) .  Tliese reactions were especially pronounced 

with marginal inaccuracies (Fig. 4) as contrasted to the more favour- 
ahle conditions adjacent to tlic well fitting gold inlays (Fig. 5). This again 
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indicates the role of uneven ~ i r i t l  rough snrfaces in the retention of 1 ) u c t c h l  
plaques (!Tac.rhnug, 1956~1, I)). Porsihly, also the strong reactions a( l jucwit  
to the 1’ plios1)hate ceriwiit fillings are due to  rough snrf‘ace., resulting 
from a gradual clissoliition of the crnicmt. Leakagw I ie lMee i i  tooth  a n t i  resto- 
rations (Crariath, 1967; %lortcrtscrr, Rouchw & Rygci, 1965) shoiiltl also 
he talien into account. 

The poor correlation liet\heeri clinical a r i d  histological fintlings is in agree- 
ment with 1)revioiis recortls (S~.hItlt,?-fluudt & From, 1961). 

A~knou’ZedRe,nerc/. Thanks are duc to Professor Jens \\ aerhaug. Ph.U., Dental Faculty. Uni- 
vcrsitj- of Oslo, for valuahl( :  discussions, to Stian ,!richsen. D.V.I~l., National Inhtitutr of 
Public Hcalth, and to Professor Rirger Nygaartl-Ostl)y, P1i.D.. Dental Institute of expcri- 
mcntal Research, rnivcrsity of Oslo, for having placed thc facilities of their lahratorics at 
my disposal. 

Suh- antl supra-gingival rcstoratioris were placed it1 dogs atitl rnoiikeys to 
study the effect of these on the gingival tissues. Gingival influmniation was 
ari almost constant finding iri wl)-giiigival restorations as contrasted to the 
favourable response in supra-gingival cases. Furthermore, the gingival con- 
ditions seem to be closely related to the marginal fit, particnlarly in restora- 
tions in contact with the soft tissue. As the reactions of the hurnan gingivae 
most probably are similar to those in dogs aiid moiikeys (Fuerhaug, 1956 a), 
the present. firitlings shonltl lie corisidered when crowns antl fillings are 
prepared. 

R B S U M L  

R i A C T I O N S  DE LA GENCIYE AUX REST.4URATION.S DENTAIHES 

DiffPrentes restanrations sous-gingivales et sns-gingivales orit C t C  placCes 
dans des dents de chiens et cle singes pour Atudier leur action siir les tissus 
gingivaus. L’inflammation gingivale Plait pratiqnement constante lors des 
restanrations sons-gingivales, contrairemerit B la rhaction favorable t-lans les 
cas de restaurations sus-gingirales. De plns, l’ktat de la grncive senihle etre 
Ctroitenient lip h l’atlaptation marginalc, particulii.rement tlaris les restaura- 
tioris placCes an contact des tissiis nioiis. Ktant tlonnk qii’il est trbs Irobahle 
que les rkactioiis de la gencive hiirnaine sotit seinblahles h celles tles chiens 
et des singes (Tucrhuug, 1956a), il coiivient tle teriir compte des considPra- 
tions ci-tlessiis lors de la prkparation tles conronnes et cles obturations. 
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ZUSAMMENFASSUNG 

G I N G I \  ALE HEAKTIONEN AUF FESTE ZAHNERSXTZE 

Verschieclerie sub- 111itl su~ira-gingivale zalinersHize wiirdeii in Huntl- Lintl 
Affeiizahiien gemacht, i im die Eiiiv irkurig diesclr Wietlerlicrstellurigrii auf 
tlas gingivale Gewehe zu stirtlieren. Gingivale Inlfainrriation war bei fast 
allen subgirigivalen Arheiten nigegen ; irn ltlaren Gt>gensatz zii den auffal- 
lend giiristigeri Resultaten tler siipragiiigivalen Arbeiten. 

Weitlierhin war die Genniiigbeit tlcr rnarginalen Anpassung drr sirhgingi- 
valeii Arheiten von gr ter Bedcuturig fiir (lie Keakl.ion tles gingivalen Ge- 
welres. Da die gingivalen Rea1;tionen bei Mensclieii, Huntlen tirid Affen 
wahrschein1it:h sehr iihnlich siiitl ( Hirwh~mig, 1956a), sollten tliese Ohserva- 
tion h i  Kronen- u n t l  Hriic'lieii~ir1)piteri hobachte t  wertlen. 
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