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!NTRODUCTION 

Statement of the Problem 

The purpose of this research was to determine 

whether the presence of bacteria seen in the corium of 

the lateral wall of the periodontal pocket is caused by 

invasion of bacteria, translocation from the.pocket dur

ing biopsy procedures, or a combination of these fac

tors. 

Literature Review 

It is recognized 'that the bacteria constituting 

dental plaque are major etiologic factors in localized 

juvenile periodontitis (LJP), acute necrotizing ulcer

ative gingivitis ·(ANUG) and adult periodontitis. (1-5) 

Periodontal diseases are not static pathological pro

cesses but manifest as recurrent acute episodes of de

struction of both attachment and alveolar bone. Haffajee 

et al (6), and others (7,8,9), reported that 

longitudinal monitoring of individual sites in subjects 

with advanced periodontal disease demonstrates short pe

riods of destruction followed by exte~ded periods of 
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-inactivity. McHenry et al (10) further reported that 

the periods of remission appeared to extend up to a few 

months. 

Various investigators (4,5,11-15,16) have reported 

that the microorganisms found in plaque usually do not 

invade the adjacent corium, except in cases of ANUG 

(17,18,19) and a few reported cases of LJP 

(20-24,25-29). However, the question of bacterial inva

sion could prove to be of paramount importance in the 

pathogenesis of periodontal diseases and the cyclic na

ture and progression of the disease process. 

As early as 1927, Beckwith et al (29) and later 

Haberman, in 1959 (30), found bacteria within the gingi

val tissues in.periodontal disease. The conclusions 

drawn from these studies regarding bacterial invasion of 

the periodontium could only be conjecture since the 

light microscopic techniques at that time were limited. 

(31) However, the high resolution obtainable with the 

electron microscope, especially the scanning electron 

microscope (SEM), has enabled several investigators to 

demonstrate the existence of bacteria within the oral 

epithelium and the underlying connective tissue in 

various forms of periodontiti's. (32-35) 
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The identification of bacteria within gingival tissue 

has been described in ANUG (36,5) advanced adult 

periodontitis (37) and juvenile periodontitis. (20,22,38) 

Specifically, Cohn, in 1935, described the presence of bacte

ria within gingival tissue in a patient with ANUG 10 days af-

- ter periodontal therapy. (36) Similarly, Listgarten (5) ob

served a bacterial infiltrate· composed predominantly of 

spirochetes in the connective tissue of ANUG lesions. 

In juvenile periodontitis, morphologically distinct mi

croorganisms were observed deep in the gingiva using light, 

transmission and scanning electron microscopy. (20,22~39) 

Gillet and Johnson in 1982 (20) anc:i others (22) have revealed 

that Hemophilus (Actinobacillus) actinomycetemcomitans (Ha), 

a microorganism which has been implicated in the etiology of 

LJP, can attach to the periodontal pocket epithelium and sub

sequently invade the corium of the lateral wall of the 

periodontal pocket. Concurrent with isolation of Ha, spiro

chetes and other selected bacterial morphotypes, as well as 

mycoplasma, have been found in the gingiva of isolated LJP 

(24,40-45). 

Immunohistological techniques have corroborated the 

presence of Haemophilus actinomycetemcomitans and Bacteroides 

gingivalis in the gingiva of severe juvenile periodontitis 

lesions. (14,26) Such evidence of specific bacteria in the 
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epithelium lends support to their potential ability to ac

tively irivade since it has been demonstrated that both organ

isms have an invasive capaci-ty. (46) While the methods used 

in the,above studies allow evaluation of the presence of spe

cific antigens in the tissues, they do not indicate whether 

the antigens represent viable· or nonviable bacterial cells or 

wall fragments. The question of viability is important since 

the pathogenic potential is likely greater for viable than 

for nonviable organisms or their components. 

Bacteria also have been reported to be specifically lo

cated in association with the pocket epithelium (85,14,74), 

gingival connective tissue (5,13,14,20,37), alveolar bone 

(86,14), and oral epithelium (49). 

Recently,_ultrastructural and immunocytochemical studies 

have suggested that bacterial invasion may be an important 

pathogenic mechanism in periodontal disease ·(54). Various 

investigators (13,14,85) have reported that disruptions of 

the gingival basement membrane seen in periodontitis may be 

associated with bacterial invasion. 

Several studies have implicated different forms and spe

cies in bacterial infiltrates of periodontal tissues in adult 

forms of periodontal disease {50-54), but knowledge of 

prevalence of bacteria in periodontally diseased tissues is 

limited. Frank and Voegel reported a gram-negative flora 
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associated with extensive bone resorption in 6 of 12 patients 

with adult periodontitis. Manor et al demonstrated bacterial 

tissue penetration in 4 of 7: specimens from 4 patients with 

advanced adult periodontitis (37). In other studies of this 

copdition, morphologically identifiable microorganisms were 

observed in the gingiva by light, transmission and scanning 

electron microscopy. (85,86,13) 

The results from animal studies using gnotobiotic rats 

suggested that some species present in the subgingival 

microbiota have a potential to invade the per,iodontium e.g., 

Bacteroides intermedius, while o~her species such as 

Actinomyces viscosus seem to lack such properties. (15) 

Salley et al (47) and Allenspach-Petrzilka et al (33) in 1982 

demonstrated bacterial invasion of the periodontal tissues in 

immunosuppressed rats in which ligatures were placed around 

the teeth to induce periodontitis. This ligature placement 

resulted in a septicemia due to the bacterial invasion 

through ulcerated epithelium adjacent to the treated sites. 

Based on the premise of bacterial invasion, Saglie et al 

(49) investigated the presence of bacteria within the gingi

val epithelium and adjacent connective tissue in 10 cases of 

periodontitis and two cases of LJP using scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM). 

They reported that the morphotypes in periodontitis were 
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cocci, short rods, filaments and few spirochetes; whereas, in 

the LJP sample, the organisms were mainly coccobacilli. 

Also, in LJP Carranza et al '( 75) and Frank ( 85) reported in

vasion by microorganisms of the gingiva and resorbing al

veolar bone. These micrc:>organisms '· identified as mycoplasma, 

were seen coveringpolymcirphonuclear neutrophils (PMN). They 

also reported a high number of PMNs in the gingival connec

tive tissue, inflammatory infiltrate, and pocket epithelium. 

In other investigations using electron microscopy, Frank 

and Voegel (86) reported gram positive (grn+) and gram 

negative (gm-) bacteria infiltrating the periodontal ligament 

(PDL) and invading the superficial osteocyte lacunae in 

resorbing alveolar bone. They noted that the typical bone 

resorption seen in advanced periodontitis occurred only where 

bacterial invasion occurred. The TEM samples revealed dis

solution of apatite crystals. Frank et al in 1980-85 and 

then Saglie et al in 1982 (13,14) appear to have demonstrated 

that in some situations microorganisms may be present in both 

the corium of the lateral wall of the periodontal pocket in 

advanced adult periodontitis as well as in the adjacent 

health tissues. Subsequently, in 1983 Allenspach-Petrzilka 

and Guggenheim reported that bacterial invasion may play an 

important role in the conversion of a non-progressing 



periodontal lesion into an active lesion associated with 

clinically evident disease. (15) 

In 1984 Salley et al (48~ examined ligature induced 

periodontitis lesions in both normal and immunosuppressed 

rats. The results they reported indicated that there was a 

distinction between bacterial invasion on the one hand and 

bacterial translocation on the other. They further empha

sized that a difference existed between the presence of bac

teria in the host tissue and bacterial infection of the tis-

sue, e.g. bacterial invasion. Savani et al (11) in 1985 

further studied the morphology of invading bacteria and their 

pattern of invasion into the periodontal tissues of 

ligature-induced periodontal defects of immunosuppressed 

rats. These studies revealed that only ligated sites demon-

strate bacterial invasion. Furthermore, the invading bacte-

ria located adjacent to the surface consisted of colonies of 

gm(-), gm(+) cocci and rods. Also, the (deeper experimental) 

sites mainly consisted of gm(-) microorganisms. Other find

ings reported by the authors included a discontinuity of the 

pocket and junctional epithelium adjacent to the ligature 

where bacterial invasion occurred and a deficiency of inflam-

matory cells in the gingiva when the bacterial invasion was 

present. These authors had previously reported bacterial in

vasion to occur at sites with an ulcerated epithelium only in 
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immunosuppressed rats, as opposed to normal animals. Such 

observations lead to the followirig conclusions: First, bac

terial invasion into periodont~lly involved tissues probably 

occurs because the host defense is compromised. Second, as 

demonstrated by Slots (55) and others (56,57,58), ~ 

gingivalis, ~ actinomyceterncomitans and Capnocytophaga are 

significant bacteria in periodontal diseases because of their 

periodontopathic potential. The possibility that they may 

penetrate through the oral epithelium may be inferred from 

several factors. ~ actinomycetemcomitans colonizes buccal 

epithelial cells, according to Slots et al (20), and occur 

within the gingiva in patients with localized juvenile 

periodontitis (LJP). Bacteroides species (56,57) and 

Capnocytophaga (87) also have been identified within diseased 

gingiva. 

Bascones et al (90) have reported that intragingival 

bacteria were found in advanced cases of periodontitis and 

are most common in the apical portion of the pocket and 

dentogingival area. They concluded that tissue destruction 

and attachment loss are associated with invasion by bacteria. 

Also, Sanz (90) in his SEM studies concurred wit~ Saglie et 

al (13) when he reported an association of bacteria with the 

advancing front of a periodontal lesion. This author also 

concluded that bacteriAl penetration through the 
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dentogingival attachment area is a consistent finding in ad

vancing periodontitis and might have an important pathogenic 

significance in the apical prog;ession of this disease. 

Saglie et al (87-89) and others (90) have reported the 

presence of both bacteria and Langerhans cells (LC) in the 

oral epithelium during periodontal disease. The function of 

the Langerhans cells is thought to be immunological 

(59,60,69,70,73); a· part of the endogenous macrophage system. 

Newcomb et al (61) have demonstrated that these cells have a 

capability for presenting antigens to T-lymphocytes. They 

also reported that dental plaque allowed to accumulate for 

three weeks elicited a response in Langerhans cells located 

in the oral epithelium of the gingiva. Further studies by 

DiFranco et al (62) lead to a postulated immunologic role for 

LC in chronic periodontal disease. 

Identification of tissue-invading bacteria in human 

periodontal disease has recently been performed. (26,27,106) 

The methods used for these experiments were light microscopy, 

SEM, TEM (75,96,103,65-68), immunofluorescence and 

immunoperoxidase staining. (87,71,72,74) These studies sup

port prior claims that bacterial. invasion may be an important 

pathogenic mechanism in periodontal disease. Controversy ex

ists in regard to the pathogenic mechanism of bacterial inva

sion as it relates to periodontal disease. (63) However, the 
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above results not withstanding, several reports (16;64) using 

microscopic observations concluded that at most sites the 

subgingival microbiota app.eared to be confined to the 

periodontal pocket space. 

The beagle dog ·has been used as a model in many clinical 

and histopathological investigations for naturally occurring, 

slowly progressive periodontal disease. This model has also 

been employed in studies involving experimentally induced 

rapid, progressive breakdown. of the attachment. (76,77) Saxe 

et al (105) and others (104,117,118) demonstrated that the 

formation of dental plaque on plaque-free teeth of beagle 

dogs with a healthy periodontiUm was followed by gingivitis. 

that developed into periodontitis with loss of the supporting 

tissues in a manner reported by Theliade et al (119) to be 

similar to that in human$. Other advantages of the beagle 

dog model are that they are small in size and thus, require 

little space and relatively small amounts of food; they are 

short-haired, a feature which contributes to natural cleanli

ness and easy maintenance; they are sociable enough to be 

housed in groups, yet accommodate readily to individual cag

ing; and their gentleness and submissiveness are welcome 

characteristics in daily care. (120-122) 

Syed et al (123,124) had shown that supra- and 

subgingival plaque flora of beagle dogs with advanced 
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periodontitis is dominated by gram-negative anaerobic organ

isms. This is in agreement with the findings on the 

periodontitis plaque flora in ,beagles reported by other in

vestigators. (125,127) The bacteriological profile of the 

supragingival and subgingival plaques associated with 

periodontal pathology in the beagle is similar in many re

spects to the bacteriological changes associated with human 

periodontal disease. Thus, the microbial flora of 

periodontal pockets in man has been shown to harbor sig

nificant proportions of spirochetes. (117,128-129) Also, the 

levels of gram-negative anaerobic organisms are increased in 

gingivitis. (130) The proportions of cultivable 

'gram-negative anaerobes iri the subgingival human plaque in

creases progressively with the disease status of the site. 

The levels of motile gram-negative organisms are sig

nificantly elevated in juvenile periodontitis (132-134) and 

the levels of Ha in destructive periodontitis have also been 

reported to be significantly higher. (135) The similarity of 

the beagle flora and the human flora in regard to some micro

bial aspects associated with periodontal pathology strengthen 

the idea that the beagle dog is a suitable model for the 

study of human periodontal disease. (123,124,136) 

Since bacterial invasion obviously may be an important 

feature in the pathological _destruction of the periodontium 
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during the active phases of periodont~tis, it is important to 

determine whether the presence of bacteria in the corium of 

the lateral wall of the periodont~l pocket is caused by inva

sion of bacteria, translocation during biopsy procedures from 

pocket, or bacteria existing indigenously within the 

periodontal tissue. 

Specific Aims 

Using the beagle dog model, the specific aims of this 

study are to: 

1. determine the presence of bacteria in the 

periodontium using light and SEM; 

2. determine the effect of the biopsy procedure on the 

presence of bacteria in tissues; 

3. compute the percentage of bacteria present in the 

corium, oral epithelium and dental epithelium of the 

gingiva; 

4. determine the effect of the gingival health on the 

presence of bacteria in the gingival tissues. 

This information will be used to help determine the 

.pr~sence of bacteria within the gingival tissues, possibly 

·leading to active destruction of the periodontium. The re

sults of this research effort may influence the mode in which ~ 

clinicians will treat some forms of periodontitis in the fu

ture. If this study were to find bacterial invasion from the 
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pocket into_the adjacent connective tissue, systemic antibi

otics may be a viable treatment modality. 



Materials 

Animals: 

MATERIALS AND METHODS 

Five adult beagle dogs with naturally occurring 

periodontitis that were raised for medical research purposes 

at the Laboratory Research Corporation, Inc., Kalamazoo, 

Michigan, were used in this study. The dogs were vaccinated 

for distemper and hepatitis, were regularly inspected by a 

veterinarian, and were housed in groups of two or three in 

stainless steel cages. They were fed a standard pellet dog 

food (Bench and Field 26, Martin Feeqs, New Paris, Indiana) 

and water ad libitum. The animals had never been on any 

plaque contr.ol programs. Fifty female dogs were screened and 

the five animals which were selected had the most severe 

periodontal disease utilizing criteria such as age, gingival 

conditions and connective tissue attachment levels. At the 

beginning of the experiment, the animals were approxima~ely 

five years old. 

Each dog had four treatment quadrants: two were kept in 

a healthy state to serve as control areas and the remaining 

two quadrants were untreated (experimental) to maintain their 

state of periodontal disease (Figure 1). The treatment modes 

-14-
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Fig. 1. Clinical appearance of one of the dogs from the group 
prior to sacrifice. The diseased quadrant (top) 1 shows 
clinical signs of inflammation and substantial buildup of 
calculus. The control (healthy) quadrant (bottom) shows no 
overt signs of gingival inflammation and no accretions on the 
teeth. 
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were randomly assigned among the four quadrants of each dog 

using a table of random numbers. The regimen consisted of 

initially placing the dogs on a soft diet consisting of the 

previously mentioned standard pellet soaked in w~ter to ob-

tain a mushy consistency. (111,137) Throughout the entire 

period of experimentation, the dogs were fed the soft diet 

permitting gross accumulation of plaque and calculus. 

(138-143) In the control quadrants, gingival health was ob

tained by initial scaling and_root planing of the teeth while 

the dog was anesthesized with intravenous Pentothal (Abbott, 

North Chicago, Illinois) 23 mg/kg. The state of health was 

maintained by cleaning the teeth of the control quadrants 

five times per week using a soft tooth brush and a Perio-Aid 

for the interproximal areas. (144,145) Investigators 

(105,146) have demonstrated that it was possible in beagle 

dogs to establish and maintain a non-inflamed gingiva simply 

by eliminating calcul~s and then_subjecting th~ dogs to daily 

repeated tooth cleanings~ It was ·demonstrated that dogs sub-

jected to meticulous plaque control over a four-year period 

did not exhibit clinical, roentgenographic and histological 

signs of periodontal tissue destruction. On the other hand, 

dogs that freely accumulated plaque rapidly developed signs 

of gingivitis and eventually also clinical, radiographical 
I • 

and histopathological signs of periodontal tissue breakdown. 

Following the periodontal therapy and maintenance pe-

riod, the control and experimental quadrants were_examined by 
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two methods. In one method~ the test teeth and adjacent -tis

sue were biopsied before animal sacrifice. In the second 

method, the test areas were obtained ,after the animals had 

been sacrificed by perfusion fixation. 

As indicated previously, the assignment of treatment to 

one of four quadrants for e.ach dog was done randomly. The 

results were that four treatment conditions were present in 

which one molar ·and one bicuspid were the experimental sites 

used for histological examination. The treatment conditions 

were distributed as follows: treatment one, the two teeth 

and adjacent tissue with periodontitis were obtained after 

perfusion and animal sacrifice; treatment condition two, the 

two teeth with pockets were biopsied before sacrifice; treat

ment condition three, a molar and bicuspid with healthy gin

givae were obtained after perfusion and sacrifice; and treat

ment condition focir~ -the control si~es were biopsied prior to 

sacrifice. In total, there were 80 specimens--40 molars and 

40 bicuspids. 

Methods 

Perfusion Fixation Procedures and Mechanics: 

The procedure of perfusion fixation was a modification 

of that reported by McKinney et al in 1985. (91) Fixation 

was done with sterile 2% glutaraldehyde buffered with a 0.2M 

sodium phosphate at pH 7.2, made 24 hours prior to perfusion 

(147-154) and sterilized one hour prior to perfusion (155) 
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by vacuum filtration, using a 0.22 micron filter (Millipore 

Corporation, Bedford, MA). The mechanics of the procedure 

wer~ as follows: 

1. The dog was anesthesized with 'pen·tabarbitol 123 mg/kg per 

cc. 

2. Perfusion tubing and cannulas were flushed with fresh· 

saline and cannulas. Manometer tubing at least 36 inches 

high_was attached. 

3. A wooden block was placed-tinder_ shoulders of'the dog 

and the dog was strapped to the operating table. 

4. The anterior neck was shaved and· the jaws blocked 

open wit~ a mouth prop. 

5. Using electro cautery, a midline incision was made 

cutting through skin and fascia to the depth of the 

strap muscles. 

6. Tissue was dissected laterally between skin and fas

cia to locate the ext~rnal jugular. 

7. Dissection was done from the midline deep through the 

strap muscles along the trachea to locate the carotid 

sheath and isolate the carotid artery. The carotid ar

tery was identified by two suture loops. 

8. One carotid artery was ligated proximally as·far as 

possible and clamped as far distally as possible. A 

small incision in the carotid artery was made using 

fine opthalmologic scissors. A cannula at ~east 1 to 1 

1/2 inches long was inserted into the carotid artery and 
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ligated into place with two ties using the previously 

placed sutures. The distal part of the cannula was tied 

to the proxi~al part of car .. otid artery using the carotid 

ligation suture. This was repeated with the other ca

rotid artery. 

9. The bulldog clamps we~e then removed and 3 cc of 

Pentabarbitol, 325 mg/cc, was injected intracardially, a 

peristalic pump was started.and·the hemostat clamps 

removed.from the cannulation tubing. 

10. External jugular veins were incised, being careful to 

only cut halfway through the vein so that it could still 

be identified. 

11. The peristalic pump was adjusted for 100 mm Hg on the 

manometer tubing. The incised external.jugulars were ex

amined for outflow of fluid. 

12. After 10 minutes of saline perfusion, the jugular outflow 

was fairly clear or contained light pink fluid. 

Hemostats were used to clamp the cannulas, the pump 

turned off and intake tubing was immediately switched to 

a container with sterile 2% buffered glutaraldehyde. The 

pump was restarted and hemostats removed. Fixative 

perfusion proceeded at 100 cc/minute at approximately 100 

mg. Hg. The manometer tubing was observed and the pump 

pressure adjusted as needed. Four liters of fixative was 

used for the dog head and jaws, requiring approximately 

one hour of perfusion. 
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Biopsy Procedures: 

To obtain specimens, th~ following biopsy procedures 

were used either before·or after perfusi6n fixation of the 

animal. Initial incisions on the buccal gingiva, one mesial 

and one distal, were made fol~owed by a hor1zontal incision 

with a Bard-Parker blade 3 mm apical to the probing depth. 

Bone at the incisions was exposed via sharp dissection. A 

557 crosscut fissure bur with sterile water spray was used to 

make both a vertical. slice through the alveolar bone in a 

buccal-lingual direction approximately .2 mm on either side of 

the tooth and the horizontal cut through the alveolar bone on 

the buccal side extending halfway to the linqual surface 

(Figure 2). Lastly a cut was made through the center of the 

accusal surface, the specimen removed as a block and the fa

cial gingival tissues removed from the block (Figure 3). 

For light microscopy, the specimens were.fixed in ster

ile 2%-phosphate buffered glutaraldehyde for a 24-hour period 

then placed in a 0.2M phosphate buffer solution at pH 7.2 to 

prevent crystal precipitate from forming on the specimens. 

The specimens were embedded in paraffin and five micron sec

tions were cut, mounted, stained and coverslipped. 

The staining method utilized was a modification of the 

gram stain technique described by Garvey et al (92) and oth

ers (93-100). 



. 21 

Fig. 2. Intra-oral photograph of the beagle -dog before 
perfusion fixation on the buccal gingiva, one mesial and one 
distal, followed by a horizontal incision·wi~h a Bard-P~rker 
blade 3mm apical to the _probing. depth.. The tissue has been 
atraumatically disected away.: Note the tw.o· vertical slices· 
through alveolar bone in a buccal-lingual direction and the 
horizontal cut through the alveolar bone on the buccal side 
extending half~way to ihe lingual surface. Lastly, · note the 
cut made through·the cent~r of the occlusal surface to join 
the previously made channels. 
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Fig~ 3. An intra-oral photograph of the beagle dog before 
perfusion fixation after the specimen had been removed from 
the animal. Note the lingual plate of the alveolar bone 
still· present and the minimal amount trauma evident to the· 
adjacent tissue. 
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Modified Gram Staining Procedures and Chemicals: 

The solutions for this were: 

1. Working Crystal Violet 

0.2 ml of 2.5% sodium bicarbonate was added to 1 ml of 1% 

crystal violet solution. 

2. Gram's Iodine 

1.0 g iodine and 2.0 g potassium iodide were added to 300 

ml distilled water. 

3.- Cellosolve 

(Ethylene glycol monoethyl ether), Fisher Scientific 

Co., Fair Lawn, NJ 07410. 

4. Working Carbo! Fuchsin 

Dilute 25.0 ml of carbol fuchsin solution (1 g of carbon 

fuchsin in a solution of 5 ml of absolute alcohol, 5 ml 

of phenol and 90 ml of distilled water) with 75 ml of 

distilled water. 

5. Tartrazine Solution 

0.01 g of tartrazine (Fisher Scientific) wa~ dissolved in 

a solution of 2.0 ml glacial acetic acid and 100 ml of 

distilled water. 

The staining procedures were: 

1. Sections were deparaffinized and hydrated in distilled 

water. 

2. Sections were stained in working crystal violet for 1 1/2 

minutes then washed briefly in tap water to remove excess 

crystal violet. 
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3. Sections were immersed in Gram's iodine for 1 minute, then 

4. Washed briefly in tap water to remove excess iodine. 

5. Using a wash.bottle, they~were differentiated with 

cellosolve until extraction of blue color ceased then 

left in cellosolve for 2 minutes. 

6. Slides were then rinsed quickly in absolute alcohol, 

then immediately washed with tap water. 

7. Following this they were stained with working carbol 

fuchsin for 45 seconds, then washed briefly in tap 

water to remove excess·carbol fuchsin. 

8. They were counter stained in tartrazine solution for 1 

minute, then quickly dehydrated with alcohol then xylene. 

When clear coverslips were placed on them. 

This method stained the gram positive microorganisms 

blue, the gram negative bacteria pink and the connective tis

sue yellow in a tissue section (Figure 4). In order to 

validate the quality of the stain, a section of rat intestine 

was prepared for light microscopy and stained. Microorgan

isms, i.e., rods, filaments, and cocci did stain appropri

ately. 

Microscopic Methods: 

Upon complet.io~ of the gram-staining procedures, the 

specimens were examined to determine percentage of bacteria 

in 6ral and dental epithelium and corium (Figure 5). Photo

graphs of the -tissue were obtained under the light microscope 

at an initial magnification of 40x in order to record any 
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Fig. 4 .. Histologic specimen from the buccal area from one 
of the control (healthy) quadrants after perfusion fixation. 
Note the keratinized oral epithelium (OE), absence of bact~
ria in inflammatory cell infiltrate of the connective tissue 
(CT) and the intact dental epithelium (DE). (Modified gram 
stain, original magnification 40x) .. 
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Fig; 5. Diagramatic representation of the 3 areas of the gin
gival epithelium where tissue distribution of bacteria was 
studied. · 
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peripheral anatomic landmarks, followed by a highe.r magnifi

cation (200x) in order to more closely locate these areas of 

bacteria as indicated by the presence of gram(+) and gram(-) 

staining. This mode of investigation was performed utilizing 

a digitizing system for morphometric analysis. A Zenith data 

system computer with the MicroComp PM2 Analysis Program 

(Southern Micro Instruments Inc., Atlanta, Georgia 30339) at

tached to an Olympus microscope and Hipad (Houston Electron

ics) digitizing tablet allowed us to visualize the area con

tai~ing bacteria under the microscope at 40x, 200x, 630x and 

1000x. These specimens were subsequently traced onto an ac

etate sheet, that was placed over the T.V. display monitor for 

the localization of the bacteria in the SEM as described by 

several investigators (156-158). 

One of the reasons for correlating these two microscopic 

techniques was that the identification of individual-cells in 

a mixed population with an SEM is difficult and, in some 

cases, impossible (159-160). Identification on the basis of 

the light microscope image is in many instances easier. 

Therefore, a combination of the information derived from the 

light microscope with the SEM information gives better 

resolution. Furthermore, identification of bells from.a 

single cell population with an SEM can be difficult sirice it 

is known that the cell surface morphology varies according to 

the cell cycle stage (161) and that it changes due to cell 

degeneration (162). On the other hand, and most importantly, 
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SEM can be used as an extension of light microscopy and can 

provide additional information, such as three-dimensional 

representation and increased ·resolution (163-166). 

A more advanced correlation of light microscopy and SEM 

is the investigation of one preparation both.in the light mi

croscope and in an SEM. Since the purpose is to correlate 

light and SEM images of the same specimen (cells), a reloca

tion method was necessary whether sections, whole celts or 

cellular remnants, were being examined. Many of these relo-

cation modes e.g., use of plastic acetate drawing using light 

microscope under low power to identify identical position of 

light microscopic image under SEM have been described by 

McDonald et al (164) and Seissinger et al (157-169). 

Subsequent to the complete examination of the specimens 

using light microscopy, the coverslip was removed from the 

glass slide after sectioning of the slide so as to fit onto 

an SEM mounting stub, as recently described by Steflik and 

co-workers (101). This technique involves using a thin flex-

ible diamond disk fitted to a slow speed dental handpiece and 

then cutting through the slide and coverslip while they are 

immersed in xylene, so as to prevent glass dust from con-

taminating the specimen. Once cut, the coverslip ~ame.off 
/ 

the specimen without disturbing its orientation to the slide. 

The specimens were subsequently dehydrated and processed 

for SEM as reported by Hagat (102) and others (103, 170-173). 

This technique required that the specimen be rinsed first in 
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xylene for 30 minutes, then rinsed in a 1:1 solution of . 

xylene and 100% ethanol (2 changes) 2 hours each, then rinsed 

in a 1:1 solution of 100% ethanol .and Freon 113 (Polaron In

strument, Inc., Hatfield, PA 19940) for 2 hours. Lastly, the 

specimen was placed in Freon 113 for 2 hours, then critical 

point dried as reported by Falk et al in 1971 (170) and by 

Boyde and Vesely in 1972 (103). 

Analysis of Statistics: 

With the use of the Microcomp Data Acquisition Planar 

Morphometry and Densitometry program (Southern Micro Instru

ments, Inc., Atlanta, Georgia), the relative areas in square 

microns occupied by the oral epithelium, dental epithelium 

and the adjacent connective tissue between the epithelia was 

computed. The tracing to obtain the area was done at a mag

nification of 40x. Subsequently, bacteria were counted for 

each of the three comp~rtments at a magnification of 630x. 

This allowed the number of bacteria per square micron of the 

tissue compartments to be calculated for both disease and 

health, before and after perfusion fixation. 

In order to confirm the presence of bacteria, light mi

croscopy was used to chart, at 40x magnification, connective 

tissue areas containing obviou~ly large concentration of 

stained bacteria. With the use of drawings, the· areas were 

located on the monitor of the SEM. At 5000x, photographs of 

the bacteria were obtained. 
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The data of treatment conditions were compared using a 

four-way analysis of variance with repeated measures to de

termine the effect of the following conditions: control ver

sus experimental, before versus after fixation, molar versus 

bicuspid specimens, and between the three tissue compart

ments. All tests were done at the 95% level of significance. 



RESULTS 

Clinical Appearance of Beagle Dog: 

At the time ·of sacrifice, the following characteristics 

of the peridontium were noted: In the control (healthy) 

quadrants of each of the five dogs plaque was only present on 

a few te~th, calculus was not evident and there were no signs 

of gingivitis (Figure 1). Also, one week prior to sacrifice 

the mean sulcus depth was similar in all control quadrants, 

2.0 mrn+ 0.44. This is shown in Table 1. 

In the experimental (diseased) quadrants, large amounts 

of plaque could be detected easily. Mineralized deposits 

were regularly present both supragingivally and 

subgingivally. The periodontal pockets, whose mean probing 

depth was 5.4 mm± 1.3 (Table 1), bled upon gentle probing and 

the tiss~es were ~ound to be red,· bulbous and displayed 

clinical signs of gingival inflammation as evidenced in Fig

ure 1. The difference in pocket depth between control and 

experimental quadrants was statistically significant (p < 

0.05). 

-31-
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Table 1. Mean Probing Depths of Clinical Specimens (±S.D.) 

_ Disease - Healthy 
X (S.D.) X 

Probing Depth (rnrn) 5.4rnrn* ( 1 . 3 ) 2.0rnrn 

X = 
S.D. = 

* = 

Mean Value 
Standard Deviation of Mean 
Diseased Probing Depth Significantly Different 
from Healthy Probing Depths at p < 0.05 Level 

• ! ·l~ ,\ 

; l"'; 

i.l l 

\' 
·. ,.~_ 

(rS. D. ) 

(0.44) 
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Histologic Appearance: 

Histologic examination of 5 micron sections of the con

trol specimens (healthy tissue):obtained by biopsy or after 

perfusion fixation revealed a gingival tissue free from in

flammatory cell infiltrates (Figure 6). The gingival units, 

as diagramatically depicted in Figure 5, displayed a well 

keratinized oral epithelium (OE) and a smooth junctional 

epithelium (JE) often without rete pegs. The apical cells of 

the junctional epithelium were located at or close to the 

cementa-enamel junction (CEJ). The connective tissue (CT) 

contained a very dense collagenous network .which extended up 

to the base of the junctional epithelium and a number of bac

teria within the connective tissue. 

The gingival tissue biopsies sampled from the experimen

tal (diseased) quadrants of each dog contained periodontal 

lesions, the major portions of which were confined to t~e 

dento-gingival region -(Figure 7). The dento-gingival epithe

lium of the gingival tissue appeared thin, ulcerated in the 

marginal portion and in the more apical portions contained 

pronounced rete pegs. The connective tissue exhibited a fine 

to moderately dense collagenous stroma supporting a number of 

chronic inflammatory cells (Figure 8). The bacterial infil

trate contained numbers of inflammatory cells within the 

epithelium and, t9 a lesser extent, in the adjacent connec

tive tissue. The connective tissue infiltrate extended to a 

position apical to the junctional epithelium. 
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Fig. 6. Histologic specimen from the buccal· area from one of 
the· control (healthy) quadrants at the time of sacrifice. 
Note the lack of· inflammatory infiltrate in the connective 
tissue of the dento-gingival region. A large number of bac
teria can be observed (Arrows) (modified gram stain, original 
~agnification x400). · 

'j 

~ . 



Fig. 7. H~stologic specimen from the buccal ar~a fr6m one of 
the experimental (diseased) quadrants at the time of sacri
fice. Note· the thin ulcerated dento-gingival epithelium 
(UDE) in the marginal portion and the·pronounced rete pegs 
(RP) which·extended into the infiltrated part of the connec
tive tissue (modified gram stain, original magnification 
lOOx). 

. 
i. 
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Fig. 8. A photomicrograph of a gi,.ngival unit from the ex
perimental (diseased) site which illustrates the presence of 
an inflammatory infiltrated connective tissue, thin 
dento-gingival epithelium and more pronounced rete. pegs which 
extended into the infiltrated portion of the connective tis
sue (origirial magnification ?Ox). 
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Histometric Analysis of Data: 

The organisms were found mostly in the oral epithelium 

and connective tissue as seen in Figure 9 and corroborated in 

Table 2 which shows the mean number of bacteria per square 

micron in each tissue compartment for healthy and diseased 

tissue (combined) sampled before and after perfusion. The 

range of areas scanned was 2.4 to 52.2 square microns in the 

oral epithelium, 1. 3 to 53.3 squa.re microns in the connective 

tissue and 1.6 to 43.3 square microns in the dental 

epithelial tissue compartment. 'The bacteria generally ap

peared to be clustered around blood vessels as shown in Fig-

ure 10. The results from the histometric measurements of the 

control specimens obtained before perfusion fixation indi-
. \ . 

cated that a significantly greater number of bacteria was 

found in the gingival biopsies obtained before as compared 

with after· perfusion fixation as shown in Table 3. In the 

gram-stained control specimens the microorganisms appeared as 

distinct dark blue entities against the yellowish background 

of the connective tissue. When present wit~in epithelium, 

the bacteria stained a dark purple color but could be 

distinguised from the·melanin granules found within the dog 

gingiva because of their extracellular location, as opposed 

to the intracellular location of the latter (Figure 11). 
' 

Confirmation of these stained entities as bacteria was done 

using scanning electron microscopy (SEM). Figure 12 shows a 
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Fig. 9. A photomicrograph of an experimental (diseased) 
specimen from the buccal area of a molar before perfusion. 
Note the oral epithelium (OE), connective tissue (CT), and 
aggregates of bacteria as indicated by arrows (original mag
nification 350~). 
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Table 2. Mean Number of Bacteria per Square Micron in each 
Tissue Compartment (+S.D.) for Healthy and ·Dis
eased. Tissue (Combined) Sampled Before and After 
Perfusion 

Oral 
Epithelium 

Connective 
Tissue 

Dental 
Epithelium 

-
X 

4.40 

3.79 

2.69 

(S.D.) 

(5.17) 

(4.62) 

(4.32) 

N.S. - Results not significant at p < 0.05 level. 
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Fig. 10. A pho-tomicrograph of an experimental (diseased) 
specimen from the buccal. area of a- lower molar before 
perfusion fixation.· N·ote the presence of bacteria (Arrow) J' 

blood vessel·s (BV), and red blood cells (RBC} within the gin
gival connective tissue (o'riginal magnification, SlOOx). 
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Table 3. Mean Number of Bacteria per Square Micron in 
Control ·Specimens (±S.D.) 

ORAL 
EPITHELIUM 

X (S.D.) 

Healthy 5.23* (4.97) 
Tissue Before 
Perfusion 
Fixation 

Healthy 2.16* (2.7) 
Tissue After 
Perfusion 
Fixation 

CONNECTIVE 
TISSUE 
-
X (S.D.) 

4.61** (5.50) 

1.56** (1.04) 

DENTAL 
EPITHELIUM 

X (S.D.) 

2.27 (2.28) 

1.46 (0.87) 

* = Healthy tissue before perfusion fixation in oral 
epithelium was statistically significant from healthy 
tissue after perfusion fixation at·p < o·.o5 level. 

** = Healthy tissue before perfusion fixation in connective 
tissue compartment was significant from healthy tissue 
after perfusion fixation in connective tissue compart
ment at p < 0.05 level. 
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Fig. 11. A histologic specimen of a control (healthy) 
specimen of an upper bicuspid after perfusion. Note the bac
teria, as indicated by arrows, within the gingival connective 
tissue (modified gram stain, original magnification 1000x). 
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Fig. 12. A photomicrograph of a control (healthy) specimen 
from the buccal area of a lower molar before perfusion 
fixation. Note the presence of bacteria as indicated by an 
arrow within the gingival connective tissue (original magni
fication 3500x). 

I 

~ . 
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high (x3500) magnification of one such area. The bacteria 

appeared round in shape, resembling cocci. They were rather 

smooth in appearance, regularly shaped and about 6-8 microns 

in diameter~ 

In control specimens ·taken subsequent to perfusion, the 

microorganisms present also resemble? cocci found in those 

control specimens sampled prior to perfusion .. The light mi

croscopic observations were similar, the bacteria stained 

dark brown-purple and were located in the connective tissue 

and intercellul~rly within both the oral and dental epithe

lium. Also, it appeared as though the bacteria did not stain 

as intensely after the tissues were fixed as compared to the 

pre-perfusion specimens. However, this was not quantifiable~ 

The SEM again allowed confirmation of the bacterial nature of 

the gram-stained objects. In these control specimens, as 

with the pre-fixation specimens, the organisms were mainly 

cocci and.there were few if any rods or filamentous shaped 

microorganisms de~ectable. The histometric analysis of the 

post-fixation control specimens. indicated a signifcantly de

creased number of bacteria present in samples taken after 

fixation when compared with samples taken before fixation 

(Table 3). 

Histometric measurements of the experL~ental (diseased) 

specimens taken prior to perfusion appeared under light-mi

croscopy as dark brown-purple staining entities simil~r to 

those in the healthy tissue. However, they usually were 
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located in aggregates, especially around blood vessels (Fig

ure 13). ·As with the control specimens, the SEM findings 

showed very few, if any, rods ·or filamentous forms of bacte

ria (Figure 14).: ~n fact, the· predomin~nt bacteria had a 

morphology resembling cocci. ·The histometric data (Table 4) 

indicated that the diseased oral epithelium contained a 

greater number of bacteria per unit area as compared to the 

other diseased tissue compartments. 

The experimental specimens obtained after perfusion ap

peared similar under light microscopy (Figure 15) to the dis

eased specimens prior to perfusion and also as evidenced on 

SEM examination (Figure 16). The results of the histometric 

analysis indicated that the diseased specimens obtained after 

perfusion had a signficantly lower number of pacteria per 

area when compared to the experimenta~ specimens obtained 

prior to-perfusion· (Table 4). 

The data clearly indicated that there was a statisti

cally ·significant difference between the before and after 

perfusion specimens in regard to the number of bacteria per 

area present as determined by direct counts in tissue 

samples. As indicated in Table 3, there was a significantly 

greater number of bacteria located within the gingival biop

sies of the control specimens obtained before perfusion than 

after the fixation procedures. Similar findings were also 

noted for the experimental specimens obtained before 

perfusion fixation (x7.69 vs 2.50) as shown in Table 4 when 
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Fig. 13. A histologic specimen of an experimental (diseased) 
spedimen from the buccal area of a lower molar before 
perfusion fixation. Note the blood vessel (BV) containing 
red blood cells and the aggregates of bacteria, indicated by 
the arrows, within the gingival connective tissue (modified 
gram stain, ori~inal magnification lOOOx). 
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Fig. 14. A photomicrograph of an ex~erimerital (diseased) 
specimen from the buccal area of a lower molar before 
perfusion. Note the presence as aggregates of bacteria 
within the gingival connective tissue (original magnification 
880x). 
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Fig. 15. Histologic specimen from the buccal area from one 
of the experimental (diseased) quadrants after perfusion 
fixation. Note the connective tissue contains epithelial 
cells on·the left and aggregates of bacteria, as indicated by 
arrows, within the infiltrated connective tissueo (Modified 
gram stain, original magnification lOOOx)o 
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Table 4. Mean Number of Bacteria per Square Micron in 
Experimental Tissues (±S.D.) 

-
ORAL 

EPITHELIUM 
X (S.D.) 

Diseased 7.-69* (7.34) 
Tissue Before 
Perfusion 
Fixation 

Diseased 2.50* (2.03) 
Tissue After 
Perfusion 
Fixation 

-
CONNECTIVE 

TISSUE 
X (S.D.) 

5.95** (6.03) 

3.03** (3.12) 

DENTAL 
EPITHELIUM 

X (S.D.) 

5.54** (7.61) 

1.50*** (1.36) 

* = Diseased tissue before perfusion fixation in oral 
epithelium was statistically significant from diseased 
in oral epithelial tissue compartment after perfusion 
fixation at p < 0.05 level. 

** = Diseased tissue before perfusion in connective tissue 
was statistically significant from diseased tissue af
ter perfusion fixation in connective tissue compartment 
at p < 0.05 level. 

*** = Diseased tissue before perfusion in dental epithelium 
compartment was statistically significant from diseased 
tissue after perfus.ion in dental epithelium compartment 
at p < 0.05 level. 
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Fig. 16. A photomicrograph of an experimental (diseased)· 
specimen from the buccal area of a lower bicuspid after 
perfusion. Note the bacteria within the gingival connective 
tissue (original magnification 1700x). 
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compared to the post-fixation procedures. In addition, when 
I 

bicuspid and molar specimens, taken both before and after 

perfusion were compared, there was a statistically 

significant difference between the total number of bacteria 

for the bicuspid (110.47 vs 27.62) and the molar (86.83 vs 

35.15) specimens as shown in Table 5. There was also a sig

nificant difference before and after perfusion for both the 

molar and bicuspid specimens in regard to the numbers of bac

teria counted per square micron as displayed in Table 6. 

Furthermore, the results indicate that perfusion fixation of 

diseased tissues decreased the number of bacteria detectable 

per area to a greater extent within the oral epithelium than 

the dental epithelium than was the case following perfusion 

fixation of the healthy specimens as shown in Tables 7 and 8. 

In a comparison between the results of the experimental. 

and control specimens taken before fixation, the diseased 

specimens had a greater number of bacteria per area as shown 

in Table 7, but the differences were .not significant when 

comparable compartments were compared. Similarly, a com-

parison of the experimental and control specimens taken after 

fixation showed no significant difference in bacterial num-

bers (Table 8) . 

Errors of Methods: 

The variability of the histometric methods was assessed 

by analyzing the differences between duplicate .measurements 

or countings. (174.) The number of bacteria for each of the 



Table 5. Mean Total Number of Bacteria (±S.D.) 

X 

Bicuspid 110.47* 

Molar 86.83** 

Before 
Perfusion 

(S.D.) 

(156.12) 

(127.46) 

After 
Pefusion 

-
X (S.D.). 

27.62* (30.96) 

35.15** (60.12) 

52 

* = Mean number of bacteria in bicuspid specimens before 
perfusion fixation was statistically significant from 
bicuspid specimens after perfusion fixation at p < 0.05 
level. 

** = Mean number of bacteria ·in molar specimens before 
perfusion fixation was statistically significant from 
the molar specimens after perfusion fixation at p < 0.05 
level. 
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Table 6. Mean Number of Bacteria per Square Micron 

Before After 
Perfusion Pefusion 

-
X (S.D.) X (S.D.) 

Bicuspid 6.33* (6.33) 2.16* (2.18) 

Molar 4.09** (5.46) 1.91** (1.97) 

* = Mean number of bacteria per square micron in bicuspid 
specimens before perfusion fixation was statistically 
significant from bicuspid specimens after perfusion 
fixation at p < 0.05 level. 

** = Mean number of bacteria per square micron in molar 
specimens before perfusion fixation was statistically 
significant from molar specimens after perfusion 
fixation at p < 0.05 level. 
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Table 7. Mean Number of Bacteria per Square Micron 
Before Perfusion Fixation(±· S.D.) 

Diseased 
Tissue 
Specimens 

Healthy 
Tissue 
Specimens 

ORAL 
EPITHELIUM -

X (S.D.) 

7.69 (7.34) 

5.23 (4.97) 

-
CONNECTIVE 

TISSUE 
X (S.D.) 

5. 95 . (6.03) 

4.61 (5.50) 

DENTAL 
EPITHELIUM -

X (S.D.) 

5.54 (7.6~) 

2'. 27 (2.28) 

N.S. - Results indicated no significant difference between the 
diseased ·and healthy tissue specimens in regard to the 
mean number of bacteria per square micron before 
perfusion fixation. 
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Table 8. Mean Number of Bacteria per Square Micron After 
Perfusion Fixation(± S.D.) 

Diseased 
Tissue 
Specimens 

Healthy 
Tissue 
Specimens 

ORAL 
EPITHELIUM -x (S.D.) 

2.50 (2.03) 

2.16 (2.70) 

CONNECTIVE 
TISSUE -

X (S.D.) 

3.03 (3.12) 

1.56 (1.04) 

DENTAL 
EPITHELIUM 

X (S.D.) 

1.50 ( 1. 3) 

1.46 (0.87) 

N.S. - Results indicated no significan~ difference between the 
diseased and healthy tissue specimens in regard to the 
mean number of bacteria per square micron before 
perfusion fixation. 
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three tissue compartments were counted under light micros

copy. Duplicate cell counts were then obtained from both the 

experimental and control groups both before and after 

perfusion. The standard error of methodology for oral 

epithelium, connective tissue, and dental epithelium compart

ments were 6.86%, 5~95%, and 2.56%, respectively. Also, the 

area for each of the three compartments were measured. Again 

duplicate measurements were taken from a11 specimens. The 

standard error for the oral epithelium, connective tissue, 

and dental epithelium compartments were 0.05%, 0.04%, and 

0.03%, respectively. 

The errors of all the histometric methods were also re

assessed periodically throughout the duration of the study. 

The results did not show any significant variability from the 

original assessments. 

Summary of Results: 

In summary, the data using light and scanning electron 

. microscopy indicated that there are bacteria present within 

both.healthy and diseased gingival tissues. These bacteria 

were,predominantly cocci. Second, the histometric measure

ments obtained indicated that the number of bacteria was 

greater in the oral epithelium as compared to the connective 

tissue and dental epithelium within the dento-gingival re

gion. Third, the method by which tissues are sampled can in

fluence the number of bacteria in the gingival tissues of 

both the healthy and diseased specimens. Finally, the data 
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regarding the effect of gingival health on the presence of 

bacteria within the dento-gingival tissues revealed that ma

nipulation of diseased tissue caused a significant 

translocation of microbial organisms when compared to the 

biopsying of healthy tissues. 



DISCUSSION 

The purpose of the present study was to determine 

whether the presence of bacteria seen in the corium of the 

lateral wall of the periodontal pocket is caused by bacterial 

invasion, by translocation of bacteria during biopsy proce

dures or both. The model used involved adult beagle dogs 

with naturally occurring periodontitis. This allowed the in

vestigation of bacterial penetration into the dento~gingival 

tissues while controlling for the effects of the biopsy pro

cedures. Various studies have suggested either bacterial in

vasion or penetration, independently or in combination with 

biopsy procedures as the source of organisms seen in tissues. 

(4,54,89) 

The beagle dogs used i.n this study readily develop a 

natural form of periodontal disease. When fed a soft diet 

and housed under identical conditions~ experimental quadrants 

which were not subjected to daily tooth cleaning presented, 

without exception, an·exacerbation of the already present 

gingival inflammatory process. Clinically, these periodontia 

exhibited abundant amounts of deposits but also overt signs 

of generalized gingival inflammation. Those quadrants 

-58-
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cleaned daily appeared clinically healthy. These responses 

were confirmed not only by clinical observation but also by 

periodontal probing and histologic examination (Figure 17). 

Similar findings have been repored from studies in dogs and 

monkeys, although those studies used experimentally induced 

gingivitis. (104,138,180-182) In the current study it was 

observed that plaque formed more rapidly on posterior teeth, 

premolars and molars, than on the incisors. 

This seems to indicate that in dogs fed a soft diet, 

gross plaque formation must be li,mited by factors such as 

anatomy of the oral cavity and the friction produced during 

mastication ·and by movement of the tongue and cheeks. These 

differerices in the ra~e of plaque formation in different 

tooth regions resulted in a different rate of deterioration 

of the periodontal tissues in various parts of the beagle dog 

dentition. This is especially evident in the present study, 

which revealed extensive involvement in,the bicuspid and rna-

lar specimens (Table 5), Hull et al (184), Hamp et al (112) 

and others (183} have found similar patterns. More impor-

tant, Lindhe et al (104) reported that the posterior bicus-

pids and molar teeth were found to develop clinical signs of 

plaque and calculus at a uniform rate in the beagle dog sug-

gesting that the two regions may be compared. This accumula-, 

tion caused the periodont~l disease to become most severe in 

the posterior tooth regions and that alveolar bone loss re-

sulted in an early involvement of the furcation areas of 



' ' : J.., • :..·, , .: ,: ~ > '/. ' ', '' • L ,• , 

60 

Figo 17. Histologic specimen from the buccal area from one 
of the control (healthy) quadrants before perfusion fixation. 
There is an intact dental epithelium (bE), non-infiltrated 
connective tissue (CT) and a keratinized oral epithelium 
(OE). Note the slight lighter staining of tissues as com
pared to stained specimen before perfusion. (Modified gram 
stain, original magnification 40x). 
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premolars and molars. The similarity of response in the 

present study to those in the previous studies confirms the 

usefulness of the model. 

To determine whether bacteria could invade the tissues 

under both healthy and d,iseased conditions the biopsy 

specimens obtained during the current study were done as 

atraumatically as possible, utilizing· sterile solutions and 

surgical technique. From the observations obtained by ex

amination of tissues stained by a modifed gram procedure in 

histological sections of healthy and diseased gingiva before 

perfusion fixation, we were able to. find signi'ficant numbers 

of bacteria in both the clinically inflamed (Figure 18) and 

non-infiltrated portions of the oral epithelium, connective 

tissue and dental epithelium of the dento-gingival tissues. 

These findings corroborate data from a recent clinical study 

by Ericsson et al (16) in which they reported that isolated 

bacteria were found either in the ulcerated portion of the 

pocket epithelium, or in some healthy specimens within the 

intercellular spaces of the oral epithelium and around the 

blood vessels which may act as a channel of bacteria accumu

lation. Therefore, one might deduce that healthy gingival 

tissue in the beagle dog does contain a variable baseline 

number of intratissue coccus-shaped microorganisms (Table 3). 

However,' the tissue in this study considered healthy after 

periodontal therapy, appeared so clinically, but there could 

be question as to whether these tissues were_healthy 
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Fig. 18. A histologic specimen of an experimental (disease) 
specimen from the bubcal area of an upper bicuspid after 
pefusion fixation. Note the blood vessels containing red 
blood cells, inflammatory infiltrate within connective tissue 
(CT) and aggregates of bacteria, indicated.by arrows. 
(Modified gram stain·, original magnification 40x) 
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histologically. Therefore, the possibility of bacteria re

maining in the tissues which this author considered to be 

baseline were actually translocated into the tissues during 

the previously diseased. state. These conclusions conflicted 

with results recently reported by Saglie et al. (89) who 

concluded that normal gingiva does not contain any 

intragingival microorganisms. They drew this conclusion be-

cause Mims (1982) demonstrated that in healthy tissue, the 

intact basement lamina acts as a barrier for bacterial pen-

etration. The discrepancy between Saglie's and our conclu-

sions may be due to the different experimental models used, 

i.e. the human versus the beagle dog model. 
' ' 

The data from the present study demonstrated that the 

bacteria present in the diseased specimens from the 

dento-gingival tissues of the beagle dog after perfusion 

fixation contained predominantly cocci. There were no 

filamentous or rod-shaped bacteria present. This finding is 

in contrast to the reports by Saglie et al (13,14,34,35) and 

Ericsson et al (16,64) who observed rods, filaments, and 

cocci/ in cases of advanced periodontitis. The discrepancy 

between the present study and those of others 

(13,14,16,21,29,30_,32,37,54) could be due to some instability 

or nonpenetration of the modifed gram stain used in the 

present study. However, control specimens from rat intes-

tine, used to develop the stain procedure, demonstrated that 

filaments, rods and coccus-shaped microorganisms could be 
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identified with the modified gram stain procedure used. Fur

thermore, SEM results showed the presence of cocci without 

the other forms. Additional explanation for this discrepancy 

of results could be a consequence of the particular model 

system used. Saglie et al (13,14,34,35,89) and several other 

investigators (.21.,29,30,31,32.,37",39~187 ,188) used the human 

periodontitis model system .. Ih cross-sectional studies of 

human microflora associated with advanced periodontitis, 

(132,135,189-191) gram-negative anaerobic bacteria appear to 

be the dominant isolates from diseased sites. Since the or

ganisms found at high levels in periodontitis have also been 

isolated in lower proportions from gingivitis 

(176,190,192,197) and gingival health (193), advanced human 

disease appears to be associated with an increase in specific 

microorganims found in the indigenous flora. 

Another model system used to investigate the initiation, 

pathogenesi~ and treatment of periodontitis which re~ulted in 

different findings than the present study used the beagle dog 

model whose lesions were ligature-induced. (16,64,76,77,81, 

84,104,105,109,110,112,115,183,194-196). Authors such as 

Listgarten et al (198) observed that coccoid cells and 

straight rods dominated the subgingival flora of healthy 

sites in these.dogs, and motile cells along with spirochetes 

dominated the flora associated with gingivitis. Morphologic 

characteristics of the subgingival flora of experimental gin

givitis in beagle dogs was found to change from 82% cocci and 
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rods, to a flora with 47% motile rods, spirochetes and 
( 

fusiforms. (199) In addition, Kornman et al (200-202) using 

the beagle dog model reported that ligature placement was ac-

companied by an increase in gram-negative anaerobic rods, 

which were dominated by. Bacteriodes asaccharolyticus includ

ing catalase positive B. asaccharolyticus-like organisms and 

a decrease in gram-negative facultative rods. 

The present study used beagle dogs with naturally occur

ring periodontitis. In spite of the widespread use of the 

dog model~ little has been reported about the bacterial flora 

associated with development of the natural disease process. 

Syed, Svanberg and Svanberg in 1980 (132,124) investigated 

this bacterial flora and reported that the cultivable 

subgingival microflora associated with naturally occurring 

gingivitis in beagle dogs was 50 to 70% gram-negative 

anaerobes. Perhaps they do not penetrate intact tissue as 

readily. Also, one can speculate that perhaps in our study 

the predominating bacterial flora was coccal type because the 

naturally occurring lesion was not as advanced as those trau-

matic lesions created upon the removal of the,_ligatures in 

the ligature-induced disease although the tissues were the 

same,· i.e., naturally occurring disease at this time may be 

equal to an earlier time point in the more severe ligature 

disease. Alternatively, a signficant proportion or perhaps 1 

all organisms could be derived from the blood and handling 
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the tissues permits greater "leakage" of the organisms out of 

vessels into the tissue spaces. 

In a comparison of the results of sampling before and 

after perfusion fixation, there was a significantly greater 

number of bacteria per square micron found in· both the 

healthy and diseased tissue in specimens obtained before 

perfusion fixation (Table 3) than after perfusion fixation 

(Table 4). Furthermore, the results indicated that perfusion 

fixation of diseased tissue showed decreased number of bacte

ria per square micron within the oral epithelium (OE) com

pared to the dental epithelium (DE) than was the case follow

ing fixation of healthy tissue. These results could be, in 

part, a consequence of the oral epithelium having a greater 

number of bacteria in per square micron when compared to the 

dental epithelium. From the data obtained from this investi

gation, it was concluded that there is a variable number of 

baseline bacteria within the dento-gingival tissues in these 

beagl~ dogs. Their presence may be explained by passage 

through defects in the degenerated basement lamina seen in 

periodontitis, as shown by Mims in 1982. However, the large 

numbers of bacteria reported to be present with biopsy 

specimens of periodontally diseased tissues perhaps is due to 

the biopsy procedures which can result in tratislocation of 

bacteria into the dento-gingival tissues ahd the presence of 

bacteria in these biopsy specimens was not all necessarily 

due to bacterial invasion of the intragingival tissues. 



67 

These conclusions were corroborated by the recent findings 

reported by Ericsson et al. (16,64) These authors concluded 

that bacteria failed to invade or penetrate the highly in

flamed gingival tissues and that this may be interpreted to 

indicate that in the beagle dog model, bacterial invasion is 

not a critical factor for maintaining the destructive charac

ter of the disease process. There are, in fact, reasons to 

suggest that the inflammatory reactions in the gingival tis

sue may have moderated the invasion of microorganisms. 

sanavi et al (11) reported from experiments in rats with 

ligature-induced periodontitis that bacteria penetrated the 

ulcerated gingival tissue adjacent to ligated teeth in 

immunosuppressed but not in normal rats. This may mean that 

bacterial invasion into the periodontium may occur only when 

a local host defense is compromised.· ( 20,63) This contra

dicted the conclusions of Sanz in 1986 (90), Saglie et al 

(13.,14,35,50,54,86,89,94) and several other investigators 

(20,22,29,32,36,37,42,51,82,85,89,90,135) who concluded that 

bacterial penetration through the dento-gingiva~ attachment 

area is a consistent finding in advanced periodontitis and 

might have an important pathogenic significance in the apical 

progression of this disease. These above conclusi~ris.concur 

with those of Bascones in a recent article (90) where it was 

reported that intragingiJal bacteria from invasion, are con

sistently found in advanced cases of periodontitis and are 

most common in the apical portion of the pocket and 
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dento-gingival area. Saglie et al (54,89) reported diseased 

gingiva is usually associated with bacterial presence within 

the tissues because the oral epithelium may be a portal entry 

for bacteria. (14,53) Saglie and coworkers (84) speculated, 

in the early states of gingival inflammation, the oral and 

sulcular epithelium appear to be the main entrace for bacte

ria. In addition, the junctional epithelium was suggested to 

play a role in the early stages of the disease. (89) Unfor

t~nately, these ~uthors had no·suggestion for the mechanism 

of action of bacterial penetration to support their specula

tions. In addition, absolutely none of the previously cited 

studies in the published literature controlled for the pos

sibility of translocating bacteria during the biopsy proce- · 

dures. Also, other advocates of bacterial invasion 

(16,17,64) as the mechanism for the pathogenesis of 

periodontal disease have suggested that in advanced stages of 

disease where a deep pocket has been formed, very aggressive 

pathogenic motile gram-negative anaerobic bacteria, e.g. ~ 

gingivalis and H. actinomycetemcomitans, and other virulent 

bacteria can occupy the apical portion of this space. This 

apical junctional epithelium has been demonstrated to be a 

weak barrier and these invasive bacteria can use this portal 

to gain access to the deeper regions. (34) It is in this 

epithelium that Saglie and coworkers (54,89) reported the 

largest number ·of bacteria found in advanced periodontitis 

when compared to the number of bacteria in the pocket epithe-
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lium. 

Again it must be emphasized that none of the studies 

that claimed that bacterial invasion or penetration through 

the dento-gingival attachment area as a consistent finding in 

advanced periodontitis and suggested that it may have an im

portant role in the pathogenesis o£ this disease have con

trolled for the possibility of translocating bacteria during 

the biopsying procedur~s. Thus, their conclusions may be er

roneous. For example, in the studies that used the human 

model system, the specimens were obtained by a biopsy proce

dure, e.g., punch biopsy, and according to the results of the 

present study, this surgical manipulation, regardless of how 

minimal, caused the translocation of bacteria into the biopsy 

specimen. The fixat~on of these tissue specimens after their 

removal from the subject will not·~ontrol for this translo

cation since post-surgical fixation will fix the bacteria 

that were translocated into the dento-gingival tissue by the 

surgical manipulation as well as those bacteria indigenous. 



SUMMARY 

In summary, the purpose of this study was to determine 

whether the presence of bacteria in the corium of the lateral 

wall of the periodontal pocket was caused by bacterial inva-· 

sian or by translocation during ·biopsy procedures. Five 

adult beagle dogs with naturally occurring periodontits were 

selected. In two quadrants of each dog (control) gingival 

health was obtained by root planing. The remaining two quad

rants were untreated (experimental). Following treatment, 

test teeth and the adjacent tissue were biopsied before 

animal sacrifice, or after the animals had been sacrificed by 

perfusion fixation. A total of 16 specimens were obtained 

from each dog. The biopsies were fixed in filtration steril

ized 2% glutaraldehyde buffered with a 0.2m sodium phosphate, 

pH 7.2. Fixed specimens were embedded in paraffin and five 

micron sections were gram stained. Histometric analysis of 

the location and numbers of bacteria per square micron were 

calculated in each tissue compartment for both diseased and 

healthy, before and after perfusion fixation. The pre~ence 

of bacteria within the tissue was confirmed using SEM. 
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Statistical analysis was performed using a four way ANOVA 

with repeated measures. All tests were done at the 95% 

significant level. The results showed that bacteria were 

present normally but no difference between disease and health 

in regard to number of bacteria per square micron was 

evident. A greater number of bacteria were found in the 

tissue biopsies obtained before perfusion fixation. Also, a 

greater number of bacteria were present within the oral 

epithelium than within the dental epithelium. In addition, 

·perfusion fixation of diseased tissues showed fewer numbers 

of bacteria detectable per square micron within the oral 

epithelium than the dental epithelium than was the case fol

lowing perfusion fixation of'healt?Y tissue. 

It was concluded from the results obtained from this 

study that additional bacteria did not penetrate nor invade 

the corium of the lateral wall of the periodontal pocket in 

naturally occurring advanced periodontitis in the adult 

beagle dog model, but the microorganisms were actually 

translocated into the dento-gingival tissues during the bi

opsy procedure. 
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