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CHAPTER I 

INTRODUCTION AND STATEMENT OF PURPOSE 

An optimal time for commencement of restorative 

procedures after periodontal treatment has been an elusive 

object. Studies have been done attempting a valid and ob

jective answer (Waerhaug, 1960; Ramfjord and Costich, 1968; 

Suppipat, 1976). These studies have contributed greatly to 

our knowledge on the subject. 

ing two important ingredients: 

tivity. 

However, they have been lack

longitudinality and objec-

This project was undertaken to quantitatively 

evaluate the progress of periodontal wound healing. 

An attempt was made to find whether periodontal 

health could be maintained over a period of time by quanti

tating crevicular fluid volume. 

Finally, tissue sections were examined microsco

pically to determine whether a relationship existed between 

the morphologic gingival tissue content and the degree, in

tensity, or stage of inflammation. 

Most studies on periodontal wound healing have 

been qualitative. Numerical values have been assigned to 

these qualities and in some instances these numbers have 

been used for quantitative statistical analysis. On closer 

1 
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examination, however, it can be deduced these were truly 

dichotomous scales, unsuitable for quantitative analyses 

and not always reproducible. 

The relationship between the presence of gingi-

val crevicular fluid and inflammation is generally accepted 

(Brill, 1960; Egelberg, 1964; Daneshmand and Wade, 1975; 

Golub and Kleinberg, 1976). This association is evidenced 

as a positive correlation between the volume of crevicular 

fluid and the degree of inflammation. Crevicular fluid 

measurements have been done in various ways; the correlation 

between these various methods and the degree of inflammation 

has been previously established. The recent development of 

a fluid measuring device, "Periotron"*, has presented an op-

portunity to quantify crevicular fluid volumes in a rela-

tively simple and reliable manner. 

*"Periotron" is the trade name assigned to the 
crevicular fluid measuring device utilized in this re
search. The instrument was developed and is distributed 
by Harco Electronics Ltd., Winnipeg, Canada. Throughout 
this paper, excepting the literature review, this will be 
the reference for the noun "Periotron". 
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CHAPTER II 

REVIEW OF THE LITERATURE 

INTRODUCTION 

The credibility of a direct positive correlation 

between the volume of crevicular fluid and gingival inflam

mation is doubted by few. Whether this fluid represents 

inflammatory exudate or transudate which may be altered in 

the presence of inflammation, remains a subject of some 

debate. This dubiety exists in part because of lack of 

knowledge regarding the contents, origin, and mechanism of 

movement of crevicular fluid. 

The direct association between an increase in in

flammation and artificial crowns is well established (Waer

haug, 1960; Larato, 1975; Jameson, 1976). However, to what 

degree this inflammation is affected by crown con~our and/ 

or margin placement remains controvertible (Eissman, 1971; 

Yuodelis, 1973; Newcomb, 1974). Whether or not there may 

be an intrinsic factor relating to tissue response (such 

as a predisposition for periodontal disease) remains an 

area of scant research. 

Histologic studies have been done in numbers and 

their correlation with clinical parameters of inflammation 

assessed (Oliver, 1969; Rudin, 1970; Daneshmand and Wade., 



1975). In general there is correlation, although the de

gree of relationship seems to depend on which parameters 

of each are compared. 

CREVICULAR FLUID 

Historical Perspective 

4 

Presence of fluid in the gingival crevice was des

cribed as early as 1817 (Serres). The occurrence of crevi

cular fluid was postulated to be due to a secretion by "gin

gival glands". Occurrence of crevicular fluid was substan

tiated by histological examination later in the nineteenth 

century by Black (1887). At this time the appearance of 

fluid was still attributed to glandular secretion; however, 

it was postulated that origination was from gingival glandu

lar tissue in a plexus clustered among the principal fibers 

of the periodontal membrane. 

During the second decade of the twentieth century 

the presence of this fluid was widely accepted. The func

tion of the gingival crevicular fluid was postulated to be; 

facilitation to the formation of subgingival calculus 

(Black, 1920), a solution which became acidic (therefore 

tissue destructive) as a result of traumatic occlusion (Me 

Call, 1924), and a serous secretion which aided in cleans

ing the enamel surface which it circumscribed. 

Studies by Bodecker (1931) failed to confirm pre

sence of gingival glands previously described by Black (1899). 
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Bodecker later (1933) supported Me Calls theory (1924) and 

utilized litmus paper in an attempt to correlate erosion 

and the acidity of crevicular fluid. Later t~e term crevi

cular exudate was defined (Miller, 1938). Change in this 

exudate was presumed to be a clinical sign of incipient 

periodontal disease. Kronfeld's text (1933) exemplified 

dintistry's studies of crevicular fluid at that time. 

Intensive study of the composition and flow of gin

gival crevicular fluid, particularly in response to gingi

val and periodontal disease, originated from Waerhaug's ba

sic studies (Waerhaug and Steen, 1952; Waerhaug, 1955). In 

these studies he demonstrated gingival fluid originated 

from serum and was the medium in which subgingival calculus 

forms. Since then, knowledge has expanded substantially, 

meriting an extensive review (Cimasoni, 1974) and research 

efforts which have resulted in the development of diagnos

tic techniques allowing a more scientific approach to the 

care of the periodontal structures and the dental patient. 

Formation of Gingival Crevicular Fluid and its Relation

ship to Inflammation 

To discover whether gingival crevicular fluid is 

an inflammatory exudate or a serum transudate which becomes 

an inflammatory exudate only in the presence of inflamma

tion has been the purpose of many investigations. 

In 1952, Waerhaug demonstrated the dynamic nature 
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of the gingival sulcus by placing India ink in healthy sulci 

of young dogs. Subsequent examination of the gingival fluid 

showed emigration of leukocytes through the s~~cular epithe

lium along with an increased transudation of fluid. This 

led to the conclusion: "In healthy pockets, where a normal 

epithelial cuff is closely fitted around the tooth to the 

gingival margin, the secretion is rather minute." The same 

investigator (Waerhaug and Steen, 1952) introduced pure cul

tures of pathogenic bacteria into bacteria free gingival cre

vices of dogs; histologi~ tissue reaction was noted over a 

forty-eight hour period. This resulted in the conclusions: 

Fluid was always present in the gingival crevice; Healthy, 

calculus free gingival crevices were sterile; and, Bacteria 

in the crevice caused necrosis of the epithelium and inflam

mation of the connective tissues which lead to the subsequent 

exudate formation. 

Experiments by Brill (1959 a,b,c) on dogs and hu

mans tended to illustrate continual presence of fluid as 

a transudate and inflammatory exudate. Injecting dogs with 

Evans' blue (which binds to plasma albumin and gamma-globu~ 

lin) , fluid flow in the sulcular crevice was assessed as to 

the effect of histamine, mechanical stimulation, and inflam

matory state. The conclusions were: Evans' blue from plas

ma passed through capillary walls in small amounts and ap

peared in the gingival crevice as the result of mechanical 
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stimulation, intravenous injection of histamine, and in

flammation. In another experiment (Brill, 1959b), human 

subjects chewed paraffin. This resulted in in~reased gin

gival crevicular fluid flow. It was further noted both 

stimulated and non-stimulated crevicular fluid contained 

amino acids. This led to the postulation: gingival stimu

lation created pressures on the gingival vascular bed which 

caused escape of plasma. This may have enhanced the anti

microbial substances. Using standardized charcoal particles, 

Brill (1959c) showed the flow of gingival crevicular fluid 

was able to remove particulate matter, including bacteria 

(postulation), from gingival pockets. 

The bacteriological contents of gingival crevicu

lar fluid in clinically healthy patients has been studied 

(Gavin and Collins, 196la). The results of this study dis

puted Waerhaug and Steen's theory of a sterile, healthy 

crevice, by demonstrating microorganisms in a majority of 

cases. Subsequently the same investigators (Gavin and Col

lins, 196la) found fluid from clinically healthy patients 

to demonstrate no bacteriocidal or bacteriostatic effect on 

various strains of oral bacteria. 

Harvey (1962) placed standardized silver alloy 

particles in clinically healthy gingival crevices of dogs 

and humans. The results of his study substantiated the 

transudation theory: normal gingival crevices maintained 



their health by constant flushing with tissue fluid; this 

fluid flow increased in the presence of inflammation. 

8 

Gingival fluid was collected from human subjects 

via filter paper strips after the subjects were given fluo

rescein orally (Mann, 1963). This study demonstrated con

tinuous fluid flow. The rate of flow increased as inflam

mation became more severe. 

Other investigations have indicated gingival cre

vicular fluid was a function of inflammation. As such it 

was not present in the form of a transudate in healthy gin

gival crevices. Loe (1961) studied the turnover rate of 

epithelial cells and the presence of leukocytes in the cre

vicular fluid of dogs. In this study the gingival crevices 

were sealed from saliva. He found, by histological exami

nation, support for the theory of constant renewal of the 

epithelial cuff. He observed neutrophilic leukocytes in 

the sulcus and reasoned, "they migrate through the epithe

lial lining under physiologic conditions" and "there is a 

continuous transudation of tissue fluid into the clinically 

normal gingival pockets." 

Weinstein and others (1967), using chemical, im

munochemical, immunological, and electron microscopic tech

niques demonstrated and characterized the existence of 

fluid in clinically normal gingival sulci in humans. Their 

divergence from the findings of Loe, et al. (1965) was ex-
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plained as a difference in criteria for "clinically normal" 

and uncontrolled differences in technique. The authors 

stated their technique (utilizing fluorescein.~abeling) was 

one hundred times more sensitive detecting proteins than 

the ninhydrin technique employed by Loe. 

A study involving microcirculation of healthy perio

dontium in dogs, injecting one percent of Patent Blue V in 

one carotid artery and Pelikan carbon black in the other 

was carried out (Turner, et al., 1969). Patent Blue V pas

sed quickly through the epithelial attachment and the sul

cular epithelium. This indicated to these investigators 

the existence of fluid as a transudate. The Pelikan carbon 

black (200 to 500 A) did not pass through intact capillary 

walls. The authors concluded there may have been a "free" 

flow of fluid through the gingiva and sulcular epithelium. 

Further study should determine how this "transudate" is 

transmitted through the complex network and the mediating 

influence on the process. 

Recent studies, employing the use of a quantita

ting device (Harco) , have shown there usually was a vary

ing amount of fluid in clinically normal gingiva in human 

subjects (Jameson, 1976). 

In a later study (Loe, et al., 1965) crevicular 

fluid from 118 adults was measured by the extra crevicular 

technique and an intracrevicular technique. Using biomi~ 

croscopic techniques they noted capillary compression when 
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inserting filter paper strips into the crevice (Munktel 

No. 3 filter paper strip, l.Smm. wide X at least lOmm. long). 

They suggested this may have been the reason ~or finding 

fluid in healthy gingival crevices. Their conclusions were 

contrary to earlier reports (Brill, 1959b; Brill and Kraase, 

1959; Brill, 1962; Loe, 1962). Crevices of healthy human 

gingiva did not exhibit fluid flow. Mechanical stimulation 

of the periodontium did not produce fluid from such cre

vices. Crevicular fluid flow began prior to appearance of 

clinical changes in the gingiva and persisted for some time 

after the clinical changes had disappeared. Gingival fluid 

was considered an inflammatory exudate and the detection of 

gingival crevicular fluid represented a definite clinical 

criterion in a refined distinction between normal and in

flamed tissue. 

The exudate theory was further supported by Oliver, 

et al., (1969) in a study involving 53 patients. The au

thors investigated the relationship between a gingival in

dex (Loe and Silness, 1967), gingival fluid measurements, 

and histological inflammatory cell density. The results 

showed strong positive correlation between gingival fluid 

and the gingival index. They further concluded: in patients 

with "no clinical evidence of gingival inflammation there is 

not exudate in the vast majority of crevices." 

Flame photometry was used to determine the relative 
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proportions of sodium, potassium, and calcium (Krasse and 

Egelberg, 1962). The findings indicated an increase in the 

proportion of potassium from clinically healtqy gingiva. 

They supposed this to be intra-cellular potassium augment

ing the extra-cellular fluid as it passed into the gingival 

crevice. Their conclusion was "gingival pocket fluid can 

not be regarded as a simple filtration product, but rather 

as an inflammatory exudate." 

Egelberg (1963a) compared the cellular content of 

gingival crevicular fluid from healthy gingiva with fluid 

collected from chronically inflamed gingiva. He observed no 

difference in cell tyeps (epithelial cells, neutrophilic 

leukocytes, lymphocytes, and bacteria). There was, however, 

an increase in the number of inflammatory cells, compared 

to epithelial cells, in fluid samples from inflamed gingiva. 

These findings seemed to support his earlier research with 

Krasse (1962) and supported the theory, "fluid in healthy 

pockets may be regarded as an inflammatory exudate." 

Further investigations by the same author (Egelberg, 

1966) led to the conclusion fluid discovered in healthy gin

giva was an iatrogenically introduced artifact, resulting 

from irritation to the epithelium induced by insertion of 

filter paper strips into the gingival crevice. 

In an attempt to explain opposing experimental re

sults, describing gingival crevicular fluid either as a phy

siological transudate or a pathological inflammatory exudate, 
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Alfano (1974) discussed a theoretical model of fluid trans

port. His explanation was the origination of gingival 

fluid via two distinctly separate mechanisms:. the genera

tion of a standing osmotic gradient generated by macromole

cular by-products of the bacteria present in subgingival 

dental plaque; and, initiation of a classical inflammatory 

response. This led to the conclusion, "at various times or 

in different areas of the mouth, gingival fluid may progress 

from an initial osmotically modulated to a secondary inflam

matory exudate, with consequent alterations in its composi

tion." 

Golub and Kleinberg (1976) reviewed the literature 

regarding crevicular fluid and explored its implications to 

clinical periodontal therapy. They basically found support 

for Alfano's (1974) theory: crevicular fluid was modulated 

by macromolecules generated by dental plaque by-products. 

They proposed, however, that instead of creating an osmotic 

gradient, these macromolecules allowed fluid escape into 

the crevice by directly altering the crevicular epithelium 

and connective tissue cells. They suggested further inves

tigation directed toward the role of nonionized ammonia 

(alkaline pH of crevices favored formation of this compound; 

Kleinberg and Hall, 1969) and urea in gingivitis (Golub, et 

al., 1971) gingival crevicular urea could serve as a sub

strate for ammonia formation. The conclusion was: monitor-
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ing gingival crevicular fluid flow could 1) detect subclini

cal gingival pathology, 2) enable quantification of the 

severity of inflammation, and 3) monitor the .. response of 

the gingiva to periodontal therapy. They further suggested 

collecting gingival fluid on filter paper strips could lead 

to developement of screening tests for systemic diseases if 

appropriate biochemical and microbiological analysis could 

be developed. 

Squier (1975) discussed the permeability of oral 

mucous membranes. He suggested diffusion as the appropriate 

description of movement through oral epithelium. He also 

suggested oral epithelium might be described as "leaky". 

The rate of penetration was directly proportional to the con

centration of the penetrant. He stated inflammation was a 

major cause of increased permeability. He also suggested 

some factors from plaque may have damaged the epithelium 

initially, allowing enzymes, toxins and antigens to enter 

the host tissue which caused an immune inflammatory response. 

Gingival Crevicular Fluid and its Relationship to Inflam

mation 

The dental literature contained continuously ac

cumulating evidence which demonstrated a positive correla

tion between the quantity of crevicular fluid and the seve

rity of gingival inflammation. 
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Fluorescein was used (orally administered) by 

Brill and Bjorn (1959) in studies of the permeability of 

human crevicular epithelium, nasal epitheliurn,and oral epi-

thelium. Their results showed the epithelial lining of the 

gingival crevice and nasal mucosa were permeable to fluor-

escein molecules. They noted a correlation between the de-

gree of inflammation and the quantity of fluorescein reco-

vered on filter strips placed in the gingival crevice. More 

fluorescein was recovered in patients with extensive res-

torations than in patients with normal healthy gingiva. 

In another study, Brill (1959a), using protein 

bound Evans blue dye found it (the dye) was recovered in 

the presence of inflammation, mechanical stimulation and 

histamine injection. 

Harvey (1962) suggested crevices are "flushed" 

with fluid and the amount of fluid was increased as a re-

sult of an acute inflammatory response to inflammation. 

Another study using fluorescein was performed 

(Mann, 1963) which supported Brill's (1959) contention that 

crevicular fluid flow increased as inflammation of the mar-

ginal gingiva increased. This contention was further sup-

ported by additional studies (Egelberg, 1964; Loe and Holm-
~ 

Pederson, 1965). 

Oliver, et al. (1969) further supported correla-

tion between gingival fluid flow and inflammation according 
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to a gingival index system (Loe and Silness, 1963). 

In an experiment regarding carbohydrate components 

of the gingival exudate (Hara and Loe, 1969), .~he authors 

corroborated previous studies. They noted gingival exudate 

increased in volume as the severity of gingival inflammation 

increased. 

Shern, et al. (1974), studying crevicular fluid 

flow and cytopathology, assumed the accuracy of gingival 

fluid volume as an indicator of local inflammation. 

Daneshmand and Wade (1975), using a ninhydrin tech

nique and the orifice method of collection, found moderate 

correlation between gingival crevicular fluid volume and a 

gingival index (Loe and Silness, 1963). 

In an experiment to determine the relationship of 

gingival pocket depth and crevicular fluid flow (Suppipat, 

1976), a trend towards positive correlation between fluid 

volume and the intensity of inflammation was demonstrated. 

Methods of Measurement and Collection of Gingival Crevicu

lar Fluid Flow 

Calibrated micro-capillary tubes have been used 

to collect gingival crevicular fluid (Kaslick, et al., 1970; 

Krasse and Ege~berg, 1962; Shillitoe and Lehner, 1972). This 

method allowed direct collection; however, most investigators 

have found it an impractical method because collection times 

of 10 to 15 minutes were necessary for moderate to severly 
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inflamed tissues (Golub and Kleinberg, 1976). 

Weinstein, et al. (1967) used pre-weighed twisted 

thread. The thread was inserted into the crevice and the . 
volume of gingival crevicular fluid determined by weighing 

the sample after removal. This also was found to be unsatis-

factory because of the long time required for collection (10 

minutes). Evaporation during weighing provided further in-

accuracies (Golub and Kleinberg, 1976). 

The most widely used method for collection of gin-

gival crevicular fluid was collection onto a filter paper 

strip placed into or near the orifice. 

The sample of fluid has been stained with ninhydrin 

and measured by guaging optically (Egelberg, 1964; Oliver, et 

al., 1969). It has also been stained by the administration 

of fluorescein systemically and quantitated optimetrically 

(Brill, 1959a; Weinstein, et al., 1967). 

Others have viewed the wetted strip with no stain 

under a microscope fitted with a net reticle (Golub, et al., 

1971; Egelberg and Attstrom, 1973). 

More recently the fluid has been quantitated elec-

tronically. 

Golub and Kleinberg (1976) described gingival ere-

vicular fluid as a diagnostic aid in managing the periodon-

tal patient. Their review discussed the various aspects of 

the crevicular fluid. They recommended the use of "a newly 
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developed gingival crevicular fluid meter (Harco Electronics, 

winnipeg, Canada)." 

A crevicular flow meter (Harco - HAR ._600) was uti

lized for quantitating gingival fluid flow (Borden, et al., 

1974). These investigators collected fluid from 10 subjects 

and a total of 59 gingival crevices. They utilized the in-

tracrevicular and extracrevicular techniques. The quantities 

of fluid collected were compared for correlation with the 

Gingival Index (Loe and Silness, 1963) and gingival pocket 

depth. The authors further investigated the effect of re-

peated intracrevicular placement of filter strips (strips 

were inserted 6 times at 30 second intervals for a period of 

3 seconds). The results indicated the 3 second technique 

intracrevicularly to be more sensitive than the extracrevi-

cular technique. Since repeated intracrevicular measurements 

did not significantly alter the crevicular fluid flow a 

technique of measurement was suggested as follows: 1) empty-

ing of the crevicular pool of fluid by insertion of a filter 

strip for a short time, 2) allowing the pool to fill again 

for 30 seconds, 3) collecting the quantity of new fluid for 

3 seconds and quantitating with the fluid meter. The results 

of this investigation indicated the extracrevicular technique 

of collecting gingival fluid was unsatisfactory for slightly 

inflamed gingiva (G.I. = 1); fluid may have had difficulty 

escaping well adapted sulcular areas. 
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Shern, et al. (1974) compared ninhydrin staining 

with the crevicular flow meter (Harco). The crevicular 

fluid flow from 60 human male subjects was quantified. They 

concluded "precision, accuracy and reliability of measuring 

fluid flow proved greater using a flow meter than using the 

ninhydrin technique." They found further, using a combina

tion of crevicular fluid flow measurements and cytologic 

smears "could provide valuable physiologic measurements for 

clinical trials." 

In a thesis study Suppipat (1976) investigated a 

crevicular flow meter (Harco - HAR 600) for use in clinical 

research. He found measuring gingival crevicular fluid flow 

a sensitive and objective method for evaluation of the con

dition of the marginal gingiva. For his study he utilized 

the "orifice" method (Loe and Holm-Pederson,l965). 

Different methods of collecting fluid from the cre

vice have been used. The intracrevicular method (Brill, 

1962; Bjorn, et al., 1965; Egelberg, 1964), involved inser

ting a filter strip into the crevice until resistance was 

felt. The fluid was then collected for several minutes. 

Egelberg (1966) demonstrated even gentle insertion 

of a filter paper strip in the gingival crevice caused suf

ficient damage to alter the permeability of the epithelium 

so the amount of gingival fluid increased. 

Loe and Holm-Pederson (1965) illustrated the use of 
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a less traumatic method in which the strip was inserted just 

into the orifice of the gingival crevice. 

Composition of Crevicular Fluid 

Because of the high degree of correlation between 

the gingival crevicular fluid flow and inflammation found by 

most investigators, several studies have been done in an ef

fort to determine the composition of this fluid and its ori

gination. 

Brill (1959a) found that vigorous chewing of paraf

fin by human subjects stimulated gingival crevicular fluid 

flow. On qualitative analysis (utilizing ninhydrin, tri-keto

hydrindenehydrate staining technique) he found sulcular 

fluid from stimulated and non-stimulated sulci contained 

alpha amino-acid. 

In further studies Brill and Bronnestam (1960), by 

immune electrophoretic analysis, found seven separate serum 

protein components. These included alpha2-, beta-, and gamma

globulin. From this information they hypothesized the fluid 

originated from tissue fluid and was extracellularly formed 

by filtration through capillaries. 

Gustafsson and Nilssen (1961), in an assessment of 

human gingival crevicular fluid from clinically healthy gin

giva, found fibrinolytic factors. They reasoned these fibri

nolytic factors could have been significant in counteracting 

the deposition of fibrin and other proteins at the junction 
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Between gingival epithelium and tooth. 

Krasse and Egelberg (1962) did flame photometry 

studies on human gingival fluid to determine the relative 

proportions of sodium, potassium, and calcium. Their re

sults showed a proportional increase in potassium from 

clinically healthy gingiva. They deduced the cause for 

this was intracellular potassium added to the extracellular 

fluid as it left the sulcular epithelium. This led to the 

conclusion gingival crevicular fluid was not a simple fil

tration product but a true inflammatory exudate. 

A study of the cell content of crevicular fluid 

(Egelberg, 1963a) showed a relative increase in inflamma

tory cells (PMNs, lymphocytes) compared to epithelial cells 

from inflamed gingiva. 

Lysozymal activity of human gingival fluid has 

been examined (Brandtzaeg and Mann, 1964) with serum and 

saliva (eleven patients: seven with gingivitis, five with 

periodontitis). Turbiometric spectrocolorimety techniques 

were utilized with Micrococcus lysodeikticus substrate. They 

found crevicular lysozymal activity showed a tendency to in

crease with severity of inflammation while serum and saliva 

did not. Since there was no observed correlation between the 

three body fluids they concluded the lysozymal enzyme to be 

primarily of local origin, possibly derived from leukocytes. 

In another study involving gingival fluid, saliva 
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and serum (Sueda, et al., 1966), gingival fluid was found to 

contain proteins, lipids, polysaccharides bound to proteins 

(muco-, glyco-, or lipo-proteins). They noted histochemical 

reactions were similar in gingival fluid and serum, but weak 

or absent in saliva. This led them to confirm a previous 

hypothesis (Cimasoni, 1966): a micropolysaccharide substance, 

identified earlier (Toto and Sicher, 1964), found between the 

enamel and crevicular epithelium of humans could have been 

condensed gingival fluid. 

Carbohydrate components have been demonstrated in 

gingival crevicular fluid (Hara and Loe, 1969). These inves

tigators collected the fluid on filter paper strips. Con

current with the fluid sampling of the crevice, a blood sam

ple for serum glucose analysis was obtained from the earlobe 

of each patient. The authors analysed both fluids according 

to the quantity of glucose, hexosamine and hexuronic acid. 

The glucose in exudate was 1.13- 7.09~g/mg; in serum the 

concentration was normal 0.90- 1.24~g/mg. Gingival fluid 

also showed an increase in hexosamine. They hypothesized: 

hydrolyzing enzymes released during inflammatory state may 

have caused separation of the connective tissue intercellular 

matrix. This would have allowed passage of small molecular 

substances like hexuronic acid and hexosamine. The latter 

were present in the tissue because of increased capillary 

permeability. Similar enzyme activity probably was affect-
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ing cell walls of the microorganisms. They concluded it may 

have been inferred glucose, hexosamine and hexuronic acid 

represented a breakdown of products of inflam~~ gingiva. 

However, both the absolute and relative amounts of these 

substances may have been influenced by local microflora. 

Recent work carried out (Bang, et al., 1970) indi-

cated sodium concentration to be 28% higher than that of 

serum, while the potassium concentration was nearly double 

that of serum. This supported previous studies (Krasse and 

Egelberg, 1962) lending credence to the interpretation a 

plasma-like fluid became modified as it passed through the 

sub-crevicular interstitial tissue space where cells were 

undergoing inflammatory changes. Thus the fluid gained po-

tassium escaping from damaged or dying cells. 

Golub, et al. (1971) demonstrated a much higher con-

centration of urea in gingival crevicular fluid from clini-

cally normal tissue than was present in serum. This could 

have indicated the water reabsorption (which usually followed 

the movement of sodium to maintain osmotic balance; Windha-

ger, et al., 1959) resulted in hyperconcentration of urea. 

This study also demonstrated an increase in the amount of 

sodium and decreases in the urea concentration in inflamed 

gingival tissues. 

Golbu, et al. (1976) found collagenase activity of 

the fluid under gingival flaps of partially erupted third 
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molars varied directly with the collagenase activity of the 

tissue itself and inversely with its collagen content. Fur

ther, they found the breakdown products of col_lagen produced 

by this fluid similar to those produced by the gingival cre

vicular fluid collagenase. 

Cimasoni (1974) presented an excellent review of 

crevicular fluid components. He correctly stated the prob

lems involved in assaying small volumes of fluid and inter

polating general statements. This was particularly so with 

reference to enzyme activity and origin. 

Correlation With Other Evaluators of Gingival Disease 

Interdental gingival biopsies were examined by 

Brenier (1950). He determined all gingival tissues, re

gardless of their clinical state, showed some degree of 

inflammation. He concluded it would be impractical to es

tablish a clinical index of gingival disease since tissue 

changes preceded clinically detectable changes. 

Brill (1960) studied specimens from dogs with both 

healthy and inflamed gingiva. His findings showed inflam

matory cells sparsely distributed beneath the crevicular 

epithelium in clinically normal tissues. In clinically in

flamed gingival tissues he found a greatly increased number 

of inflammatory cells. In this study, the author found a 

relationship to exist between crevicular fluid measurements 

and the microscopic appearance of the tissue. 
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In another study (Egelberg, 1964) using planemetric 

analysis showed significant correlation between the size of 

areas of inflammation in clinically normal an~ inflamed gin

giva and the amount of gingival exudate in three dogs. 

Zachrisson and Schultz-Haudt (1968) utilized the 

appearance of the pocket epithelium, density, and distribu

tion of inflammatory cell infiltration to evaluate the degree 

of gingival inflammation. Their results showed a realtion

ship between clinical and histological diagnosis of inflamma

tion in about fifty percent of cases. They also found inflam

matory cells in small quantities in all clinically healthy 

gingiva. These investigators suggested the degree of inflam

mation be classified histologically. 

In a study of crevicular fluid flow, Orban and 

Stallard (1969) attempted a correlation with Ramfjord's POI 

index and Greene and Vermillion's OHI-S. The fluid was col

lected from six upper anterior teeth (assumption because it 

was not stated) and stained with .01% ninhydrin. Biopsies 

were obtained from the same teeth and other areas (not speci

fied) . These samples were collected from a "group of dental 

sutdents". The biopsies were graded on a scale of 1-10 for 

inflammation (parameters not stated). The investigators 

found a correlation between their histological index and 

fluid volume. (r=+.OSO, no P value.) Between the plaque 

score and their histologic index they found r = +0.71, P~ 
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0.01. The authors stated the former showed no correlation 

and the latter was significant. Their conclusion, among 

others, was consecutive measurements of the gingival fluid 

were of value in relating the response of gingival tissues 

to environmental, physiologic, and pathologic conditions and 

changes. 

Oliver, et al. (1969) attempted to find a relation

ship between the Gingival Index (Loe and Silness,l963), cre

vicular exudate flow and histologic inflammatory exudate. 

Sixty areas in 53 patients were selected and all studies 

were accomplished in these areas. The histologic study was 

done by scoring the density of the inflammation: 0 = no 

inflammatory cells in the connective tissue; 1 = sparse dis

tribution of inflammatory cells in connective tissue; 2 = 

moderate accumulation of inflammatory cells in isolated areas, 

sparse elsewhere; 3 = dense infiltration throughout the con

nective tissue. They found there was no fluid generally 

when there was no inflammatory exudate. Clinically normal 

gingiva tended to show an absence of inflammatory cells mi

croscopically. These investigators found a close relation

ship between the Gingival Index and exudate measurements. 

Another study (Rud±n, et al., 1970) measured gin

gival fluid related to 30 maxillary and mandibular teeth. 

Filter strips with a standardized notch were utilized so 

only minimal entrance into the crevice was insured. The M 
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Index was used to assess the degree of clinical inflammation. 

Biopsies were evaluated morphometrically. The percentage of 

inflammatory round cells, collagen fibers, corynective tissue 

cells and blood vessels was studied. These investigators 

found a positive correlation between the M Index and crevicu

lar fluid, as well as between the M Index and the degree of 

inflammatory cell infiltration. A high positive correlation 

also existed between the quantity of gingival fluid and round 

cell infiltration. A negative correlation existed between 

crevicular fluid volume and the percentage of collagen fibers. 

Daneshmand and Wade (1975) utilized a histologic in

dex assessing crevicular epithelium and the amount of round 

cell infiltration. They graded inflammation at 100 X micro

scopically according to the following criteria: 

0 = No break in continuity of crevicular epithelium; 

absence of inflammatory cells. 

1 = No epithelial breakdown; sparse distribution of 

inflammatory cells. 

2 = Crevicular epithelial disintegration; round cell 

infiltration not reaching basal layer of the outer gingival 

epithelium. 

3 = Disintegration of crevicular epithelium; round 

cell infiltration extending to the basal layer of the outer 

gingival epithelium. 

These investigators also employed a morphometric 
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system they called the inflammatory cell index, in which the 

inflammatory cells in the corium crossed by the horizontal 

and vertical lines of the grid were counted. .~he gingival 

fluid flow was evaluated by the ninhydrin staining tech

nique, utilizing the orifice method of fluid collection (Loe 

and Holm-Pederson, 1965). The degree of inflammation clini

cally was assessed according to the Gingival Index (Loe and 

Silness, 1963). Low positive correlations of approximately 

the same magnitude (r = 0.3) were found between both histo

logical indices and the Gingival Index and crevicular fluid 

volumes. A moderate correlation was found between the amount 

of gingival crevicular fluid and the Gingival Index scores. 

The strongest relationship they found was between the Histo

logical Index and the Inflammatory Cell Index. They conclu

ded the different indices probably evaluated different as

pects of the inflammatory response. The authors' sugges

tion was "in small samples it may be wise to incorporate 

parameters which evaluate both macroscopic and microscopic 

characteristics as well as measurement of gingival fluid 

whenever practicable." 

Mahajan (1976), in a histologic study utilizing 

a mitotic index, showed the presence of inflammation in 

gingival crecivular tissues. She illustrated increased mi

totic activity, especially in those tissues surrounding full 

crown restorations. 
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Gingival Crevicular Fluid Flow as a Monitor of Healing 

Arnold, et al. (1966) demonstrated crevicular fluid 

flow rose to a maximum within one week follow~ng gingivec

tomy. It then decreased slowly for about five weeks, when 

it reached a level approximately equal to the preoperative 

readings. This experiment was done on five patients and a 

total of 85 pockets were evaluated. The initial rapid rise 

was attributed to removal of the epithelial barrier and 

marked inflammatory response following surgical trauma. The 

author did not state whether there was preoperative perio

dontal preparation. The mean reading (ninhydrin staining) 

presurgically was 2.7mm., the mean readings at the end of 

five weeks was 2.4mm. 

More favorable results were reported by Sandalli 

and Wade (1969). In a study involving 12 patients, 19 to 

50 years of age, they measured the fluid flow in 120 maxil

lary and mandibular incisors. The measurements were done 

immediately prior to scaling, prior to surgery (surgery 

performed two weeks following scaling and oral hygiene in

structions), and at 2, 3 and 4 weeks post surgery. Treat

ment was accomplished via gingivectomy and flap procedures 

in a paired sample method. It was found the crevicular 

fluid flow was reduced significantly following initial pre

paration. The levels of fluid flow then decreased slowly 

after surgery and at four weeks had reached levels signifi

cantly lower than presurgical levels. 
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Interproximal maxillary and mandibular anterior 

teeth in twenty patients between the ages of 18 and 59 were 

studied by Golub, et al. (1971). The patient~ did not brush 

for 12 hours before collecting fluid. Fluid was collected, 

Gingival Index scored and pocket depth measured. The day 

following fluid measurements, scaling and root planing were 

carried out. One week later gingival surgery was performed 

preceded by gingival fluid volume readings. One month post

surgically, crevicular fluid was measured along with an es

timation of the other parameters. The volume of fluid was 

measured directly. The results indicated scaling had no ef

fect on gingival inflammation or pocket depth, according to 

the parameters G.I. and fluid flow. This was in contrast to 

the results of Sandalli and Wade (1969). Surgery had a sig

nificant effect on all parameters. The authors speculated 

further upon the content and effect of urea concentrations 

in the gingival fluid. Among other things, the authors in

dicated presurgical scaling may have improved the health of 

the tissues, which resulted in a better healing rate than 

shown by Arnold (1966). 

RELATIONSHIP OF RESTORATIVE MARGINS AND CONTOUR TO GINGI

VAL HEALTH 

Margins of restorations were evaluated histologi

cally (Waerhaug, 1960) in relation to the gingiva. This 
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study inferred gingival inflammation was caused by plaque 

and not necessarily initiated by the nature of the material 

nor its surface roughness. It was implied, h~wever, sub

gingival margins contributed to the etiology of periodonti

tis by retaining plaque microorganisms in the area of the 

restoration-tooth margin. He further suggested margin place

ment must involve consideration of caries rate; predisposi

tion of the host to periodontitis; oral hygiene and aesthe

tics. 

Morris (1962) discussed artificial crown contours 

and their relationship to gingival health. He reappraised 

earlier views regarding buccal and lingual contours which 

were supposed to deflect food from entering the crevice. He 

stated using bulges in crowns to protect the gingival cre

vice produced crown contours in excess of anything found in 

nature and caused, rather than prevented, gingival pathology. 

Loe (1962) stated investigations have shown "any 

known type of dental restoration extending into the subgin

gival area causes damage to the periodontal tissues; either 

by providing possibilities for bacterial retention and/or by 

a direct irritational effect of the material per se." He 

further stated the concept of "extension for prevention" was 

no longer valid. He called for a "new theoretical basis for 

a combined prophylactic treatment of caries and periodontal 

disease." 
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An interesting histological study was undertaken 

by Marcum (1967) in which 12 teeth were prepared from crowns 

in each of 6 dogs. Four finish lines were ab9ve the gingi-

val crest, four were even with the crest and four were pre-

pared below the crest. The dogs were subsequently sacrificed 

and histologic sections prepared. The results showed margins 

located at, or even with, the gingival crest effected the 

least inflammatory response, while those margins above and 

below produced slight to severe inflammatory response. The 

author inferred: the poor gingival response observed around 

restorations placed supragingivally may have been due to 

plaque formation and adherence of food debris; the favorable 

tissue reaction to adjacent margins may have been due to bet-

ter marginal adaptation and deflective contour. 

The effects of rough surfaces on marginal gingiva 

have been investigated. In an histologic study (Trevedi and 

Talim, 1973) there were no clinical changes evident. Histo-

logically there was evidence of inflammation in two-thirds 

of the patients. The inflammation was maximal adjacent to 

silicate cements and acrylic restorations. They concluded, 

"the gingival response appeared to be caused by chemical in-

jury, unpolished restorative materials, poor marginal fit, 

and inadequate oral hygiene. 

Morphologic changes of capillaries in human gingiva 

adjacent to teeth restored with complete crowns have been 
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observed utilizing a capillary microscope (Maruyama, et al., 

1976). The results of this study showed more than one-fourth 

of the capillary loops nearest complete crown~ exhibited di

litation (diameter greater than 20mm.). This dilitation (in 

agreement with Stallard, 1967) represented inflammation. 

Dilitation and complex capillary loops existed in the clini

cally normal gingiva adjacent to complete crowns. These 

readings were done in the mid-labial aspect of an upper cen

tral incisor. 

Newcomb (1974) did an in depth study of anterior 

veneer crowns. These crowns (34 porcelain jacket crowns and 

35 ceramo-metal crowns) were used on 59 patients, the aver

age age of the crowns was 8.23 months. He used the Gingival 

Index (Loe and Silness, 1963) and the Plaque Index. The 

extension of the margin into the sulcus was measured by sub

tracting the distance of the crown margin from the gingival 

crest from the pocket depth. The margin extensions were 

divided into four groups according to the distance from the 

base of the crevice: 0.25 mm., 0.5 mm., 0.75 mm., and 1.00 

mm. The results showed: all crowned teeth had a higher Gin

gival Index score than non-crowned contralateral controls; 

there was no difference in the Gingival Index between con

trols; a significant difference between Gingival Indices of 

crowned teeth with group 1 (0.25 mm.) having the highest 

score, and group 4 (1.00 mm.) the lowest score. Groups 1 
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and 2 showed a significant difference in sulcus depth be

tween crowned and control teeth; groups 3 and 4 showed no 

difference in sulcus depth between crowned an~ control 

groups. As the degree of inflammation increased so did the 

crevice depth and depth of crown margins. The distance be

tween crevice depth and margin depth decreased with increa

sed inflammation. The author concluded: the nearer a sub

gingival crown margin approached the base of the gingival 

crevice the more likely there would be severe inflammation; 

the least inflammation associated with subgingival margins 

occurred when the subgingival margin was placed at the 

crest of the gingiva or just below. This apparently sub

stantiated the work of Marcum (1967). 

In a literature review done for the American Aca

demy of Restorative Dentistry, Ramfjord, et al. (1974) re

viewed a three year study done in Denmark. This work eva

luated the gingival status of 334 abutment teeth in 110 

patients. The results showed gingivitis to be more severe, 

with deeper pockets and more loss of attachment around 

teeth with subgingival margins compared with supragingival 

margins and nonrestored teeth. Interestingly the study 

showed 64%of all margins were placed subgingivally initially; 

at the end of the three year study only 46% of these were 

still subgingival. 

A study was designed to find whether cast crowns 
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with subgingival margins were more frequently associated 

with patholog~c depths than were unrestored contralateral 

teeth (Larato, 1975). The influence of frequ~ncy of tooth 

brushing on pocket depth adjacent to teeth was also inves

tigated in this study. One hundred eleven male patients 

were examined. This study revealed the average pocket 

depth adjacent to teeth with crowns associated with subgin

gival margins was 3.4mm. Average pocket depth adjacent to 

nonrestored teeth was 2.7mm. Fifty-four nonrestored teeth 

had at least one pocket depth greater than 3 mm., while 

eighty-four crowned teeth had at least one or more measure

ment greater than 3 mm. No positive relationship could be 

found between tooth brushing frequency and the pocket depth 

adjacent to teeth restored with complete cast crowns. In 

nonrestored teeth pocket depth increased with reduced fre

quency of tooth brushing. Pocket depth also increased with 

increased age of the patient in both restored and nonres

tored teeth, and with the cast crown. 

In a discussion in Dental Clinics of North America, 

Eissman, et al. (1971), regarding crown contours and margin 

placement, suggested supragingival margins were preferred. 

The authors, however, realized this was not always possible 

clinically. They offered the following guidelines for margin 

placement: supragingival margin placement on enamel wherever 

possible; restorations placed at, or beneath, the gingival 
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crest represent a compromise and should permit a decreasing 

axial curvature in direct proportion to the occlusal gingi

val length of the restoration. 

In the same article the authors proposed a premise 

for physiologic contouring. They refuted the in vitro text

book projections of contours and suggested substitution of 

cognate physiologic concepts. The authors suggested axial 

contour was related to four factors: 1) clinical crown 

length; 2) tissue architecture; 3) contour of adjacent 

teeth; and, 4) character of the opposing occlusion. As 

the distance from the occlusal table to the free gingival 

margin increased, the necessity for protective convexities 

decreased and the accentuation of natural concavities be

came increasingly important. It has been stated physiolo

gic tooth contouring was directed toward minimizing plaque 

retention by exposure of the largest possible area of the 

clinical crown to cleansing actions. 

Yuodelis (1973) reviewed the literature on the sub

ject of crown contours. Using their observations in com

bination with this review they concluded plaque retention 

was the primary cause of both caries and periodontal disease 

and plaque retention in turn was aided by overcontours widely 

accepted as normal. They stated: 1) the greater the degree 

of facial and lingual bulge, the more plaque was retained in 

. the crevical region; the flatter the contour, the less plaque 
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retained; 2) if root portions of teeth must be covered by 

complete artificial crowns subsequent to periodontal therapy, 

the final restorations should not follow the ~riginal ana

tomic crown and should recreate the original contours of the 

root position. 
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CHAPTER III 

MATERIALS AND METHODS 

Patients for this study were selected randomly 

from those undergoing periodontal surgery at Loyola Uni

versity, School of Dentistry. Each patient signed a wit

nessed consent form (Appendix) describing the procedure. 

Brief medical and dental histories were obtained. Twenty

seven adult patients between the ages of 25 and 61 were 

selected with a mean age of 45 (Table 2). 

Each patient selected for this study had under

gone presurgical preparation which included oral hygiene 

instruction, diet counseling, scaling and polishing, and 

where indicated, deep scaling, root planing and curretage 

(non-surgical). The initial crevicular fluid volume read

ings were taken immediately prior to surgery before admini

stration of anesthetic or any other drugs. 

The areas selected for measurement were the in

terproximal papillae adjacent to, and including the mesial 

of, the first molar to the mesial of the contralateral 

first molar, including both maxillary and mandibular arches. 

Table 2 shows the frequency distribution for teeth evalua

ted, according to arch and tooth number. At the time of 
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the initial measurement of crevicular fluid volume, the 

marginal gingiva was evaluated in the area of the fluid 

measurement via the Gingival Index* method. ,Pocket depths 

were guaged in these areas after the crevicular fluid was 

collected. 

The biopsy specimen was obtained at this ap-

pointment in the following manner: the initial reverse 

bevel incision was done to the level of the alveolar bone, 

an intracrevicular incision was accomplished and the re-

maining adherant tissue removed. From this piece of tis-

sue a papilla was removed and placed immediately into 10% 

Formalin solution. These were then imbedded in paraffin 

and sectioned 6-10 microns in thickness. Hematoxylin and 

eosin staining technique was used. 

1967. 
*Gingival Index according to Loe and Silness, 

0 - Absence of Inflammation. 

1 - Mild Inflammation: Slight change in 
color and little change in texture. 

2 - Moderate Inflammation: Moderate 
glazing, redness, edema and hyper
trophy. Bleeding on pressure. 

3 - Severe Inflammation: Marked redness 
and hypertrophy, tendency to spon
taneous bleeding, ulceration. 

The term Gingival Index or G.I. as used in the remainder 
of this paper has reference to this method of qualitative 
analysis of the marginal gingiva. 
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Fluid measurements were obtained initially and 

again at weeks four, six, eight, and ten following surgery. 

These data were recorded and subsequently subj~cted to 

statistical analysis. Because of the number and spacing 

of patients it was not possible to evaluate each patient 

at each time interval. To ensure confidence of the final 

results, a random sample size of approximately one-third 

was evaluated at each time interval. The measurements of 

fluid volume were accomplished by three persons trained in 

use of the Periotron. In an attempt to diminish possible 

variance of readings between operators the same person did 

at least two readings on each patient. As can be seen 

from the tabulation .<Table 4), each patient averaged three 

readings; therefore, the same operator recorded at least 

two-thirds of the readings for each patient. 

The assessment of pocket depth was made by one 

operator, while the Gingival Index was rated according to 

at least two trained observers. This was carried out at 

the initial reading appointment. 

The histologic study was accomplished by one 

operator {with skillful guidance) in a blind study. 

The interproximal area is generally the most 

seriously affected {Egelberg, 1964); it may be generally 

stated the tissues surrounding anterior teeth are asso

ciated with a less severe inflammation than posterior 
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THE PERIOTRON 

FIGURE 3 
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structures in the same individual. In order to fairly 

evaluate the entire oral cavity it was decided to assess 

the periodontal tissue of bicuspids and cusp~ds. An at-

tempt was made to develope an acceptable ratio between 

mandibular and maxillary structures. Furthermore, be-

cause the interproximal area demonstrates some homogeneity 

of periodontal structures between teeth, it was decided 

the interdental papilla of adjacent teeth should be evalua-

ted wherever possible. 

The measurement of fluid volume is subject some-

what to operator variance. For this reason the mean values 

for evaluated papillae were used instead of the individual 

measurements, as there is less likelihood of errant indivi-

dual readings affecting the total aggregation of data. 

The Periotron (Figure J) was chosen as the eval-

uator of gingival fluid flow, since most research (Suppi-

pat, 1976; Golub and Kleinberg, 1976; Shern, et al. 1974; 

Borden, et al. 1974) indicates this instrument is more 

sensitive to change in fluid volume than other methods. 

Periopaper* supplied by Harco was utilized for 

collecting fluid (Figure 2) . The orifice method accord-

*Periopaper - Trade name for filter paper manu
factured by Harco Electronics, Limited, Winnipeg, Canada. 
(1.5 mm. X 13 mm.) 
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PERIOPAPER, AS SUPPLIED 

FIGURE 2 
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ing to Loe and Holm-Pederson (1965) as modified by Borden, 

et al. (1974) was the technique utilized (Figure 1). Ac

cess to crevicular areas was from the buccal qr labial as

pect. 

The technique for measurement of the crevicular 

fluid volume was the same for all patients: 

1. Region to be evaluated is isolated with 

cotton rolls and dried with slight pressure. 

2. A sterile dry filter paper strip (Periopaper) 

is placed into the orifice of the gingival crevice (accord

ing to the technique of Loe and Holm-Pederson, 1965, modi

fied by Shern, et al., 1974, see Figures 1 and 4). The 

strip remains here for three seconds, is removed and dis

carded. 

3. The emptied fluid pool is allowed to fill 

for twenty-seven seconds and another sterile strip is 

placed in the same location. This strip is allowed to 

collect fluid for three seconds. The total elapsed time 

is thirty seconds. 

4. The second filter strip is immediately 

placed between the recording sensors to the depth of the 

premarked line (Figure 5). The Periotron previously had 

been switched to the on position and calibrated to zero 

with a dry, sterile Periopaper. 

5. The Periotron presents a digital readout, 

which automatically is held after 19-20 seconds. This 
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PERIOPAPER IN GINGIVAL CREVICE 

FIGURE 4 
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SENSORS, PERIOTRON 

FIGURE 5 



reading is entered on the data sheet. This numerical 

reading may be converted to volume in microliters by di

viding by 200 (eg. a digital reading of lO=O.q? ~1}. 

6. After each measurement the sensors are 
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dried with a dry, sterile Periopaper or cotton applicator. 

An explanation regarding the electronics of the 

Periotron is included in the Appendix. 



CHAPTER IV 

EXPERIMENTAL RESULTS 

Table 2 illustrates the frequency distribution 

and tooth numbers used in the portion of the thesis deal

ing with monitoring periodontal healing. 

Table 3 is a compilation of the individual data 

sheets (see Appendix) • 
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Table 4 is data compiled from Table 3. Weekly 

means are shown for weeks 0, 4, 6, 8, and 10. The results 

of a two tailed paired sample t test are also shown, with 

appropriate P values. Fr om these data a significant dif

ference can be demonstrated between weeks 0-8 (P< 0.05) 

and weeks 0-10 (P< 0.05). 

Table 5 is a frequency table compiled from 

Table 4. It illustrates the patients who started with a 

reading of 0-10 and those who started with initial read

ings above 10. These are expressed as percentages and the 

table shows patients beginning with readings of 0-10 de

monstrate about a 50% better prognosis. 

Figures 8 through 12 are representative sections 

of types of inflammation found in this study. 



47 LOWER TEETH 

TOOTH FREQUENCY % 

* 3 21 44.68 

* 4 21 44.68 

* 5 2 04.26 

# 2 2 04.26 

* 1 1 02.13 

Totals 47 100.00% 

Number of Patients 

27 

Number of Patients 

27 
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47 UPPER TEETH 

TOOTH FREQUENCY 

# 3 18 

* 4 16 

* 5 5 

# 2 3 

* 1 3 

* 6 2 

Totals 47 

Male Female 

12 15 

Between Ages 

25 and 61 

% 

38.30 

34.04 

10.64 

06.38 

06.38 

04.26 

100.00% 

Mean Age 

45 

TABLE 2 
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PATIENT WEEK 0 WEEK 4 WEEK 6 WEEK 8 WEEK 10 
# GCF GCF GCF GCF GCF 

. 
1 03.50 00.10 00.60 02.75 00.20 
2 16.83 22.00 
3 21.75 16.25 24.00 03.50 
4 06.50 05.50 02.00 
5 21.50 18.75 07.00 06.00 
6 18.63 00.29 23.88 
7 24.75 21.00 12.75 17.75 
8 20.75 16.25 17.25 20.75 
9 06.50 05.75 

10 12.00 18.50 13.75 08.50 
11 16.25 07.50 06.50 04.50 03.75 
12 05.75 06.30 13.25 
13 19.75 12.00 13.50 
14 06.25 00.00 03.00 
15 10.50 06.00 
16 20.25 18.75 08.75 
17 18.00 
18 10.75 10.75 11.00 11.30 
19 17.50 
20 04.75 
21 02.00 04.00 
22 29.50 17.50 15.00 
23 05.00 06.25 03.25 
24 33.00 15.00 06.50 03.50 
25 02.00 08.00 09.50 08.50 
26 07.00 01.00 00.50 
27 00.60 03.75 

MEANS 13.59 12.94 10.77 08.27 09.14 

* Pat. 27 12 14 12 17 

RESULTS OF 2 TAILED PAIRED SAMPLE T TEST 

BETWEEN BETWEEN BETWEEN BETWEEN 
WEEKS WEEKS WEEKS WEEKS 

0-4 0-6 0-8 0-10 

P=0.156 P=0.309 P=0.013 P=0.007 

TABLE 4 
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INITIAL READING ' Group 1 Group 2 
GCF 10 GCF 10 

# of patients 11 16 

# of patients 
pomp1eting study 10 14 

FINAL READING 
Group 1 Group 2 

GCF 10 GCF 10 

# of patients 9 7 

90% 50% I 

TABLE 5 
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E-enamel; C-cementum; CT-connective tissue; BL-basal 
lamina; JE-junctional epithelium; OC-oral epithelium; 
GS-gingival sulcus; GC-gingival crest; OSE-oral sul
cular epithelium; the dotted lines indicate the ap
proximate boundaries between junctional, oral sulcu
lar and oral epithelium. 

OIAGRAMATIC REPRESENTATION 
of the 

GINGIVAL CREVICULAR AREA 

FIGURE 6 

56 
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CHAPTER V 

DISCUSSION 

The so-called gingival margin region includes 

those portions of the periodontium allowing attachment of 

the gingiva to the tooth. The gingival sulcus is the shal-

low groove between the tooth and normal gingiva. The depth 

of this sulcus may vary in "normal" health but generally 

is 0.5 mm. or less (Schroder and Listgarten, 1971). 

The gingival sulcus seems to · function as an ini-

tial defense mechanism; as such it shows unique features. 

The bottom of the sulcus is formed by the free surface of 

the junctional epithelium. The coronal portion is lined 

by an epithelium which could be described as the sulcular 

termination of the oral epithelium. This is depicted dia-

gramatically in Figure 1. In normal, ideal conditions a 
' 

few leukocytes can be seen in the intercellular spaces of 

the junctional epithelium. When inflammation exists, the 

number of white cells. increases in the junctional epithe-

lium, and intercellular spaces increase in size allowing 

further ingress of inflammatory producing substances. 

The initial reaction is due to irritation caused by mec-

hanical factors or, most often, irritation induced by 

plaque microorganisms. 

The crevicular area is characterized by a par-
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ticular fragility; the epithelium is permeable to various 

substances, especially in the presence of inflammation. 

Inflammation in the gingival tissues produces exudation 

which presents itself clinically as fluid in the crevicu

lar sulcus. Measuring the intensity of this fluid flow 

is a reliable and accurate quantitative indicator of gin

gival inflammation. 

The process of inflammation is complex. In the 

presence of microorganisms it becomes increasingly dif

ficult to describe by standard parameters. This is par

ticularly true when one attempts analysis of the minute 

amount of fluid produced during gingival inflammation 

(Cimasoni, 1974). 

Gingival fluid flow is subject to many variables, 

both between patients and in the same patient. Examples 

of this variability, are circadian periodicity (Bissada, 

et al. 1967}, pregnancy (Loe, 1965), menstruation (Muhle

mann, 1948) and, puberty (Sutcliffe, 1972). Age has been 

shown to have an influence on the fluid volume (Brankin, 

1977) . It is probable systemic medication and disease 

states (clinical and sub-clinical) will affect this also. 

With the above observations in mind, it seems 

reasonable to establish a range of normal crevicular fluid 

volume. This has been accomplished (Periotron manual) and 

a range of Periotron readings established as follows: 

0-10, healthy; 11-20, mild inflammation; 21-40, moderate 
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inflanunat:i.on; over 40, severe inflanunation. 

Using the above established range, several ob

servations can be made concerning the experimental results. 

There was an overall improvement of approxima- . 

tely 71% (Table 4). This general overall improvement can 

be attributed principally to periodontal surgical proce

dures, initial oral hygiene instruction and frequent re

call following surgery. The recall appointments, gen

erally for the first four to six weeks, included polish

ing of tooth surfaces and reinforcement of oral hygiene 

procedures. 

Previous studies have shown general improvement 

postsurgically for about five weeks (Arnold, 1966; Sandal

li and Wade, 1969; Golub, et al., 1971). This was attri

buted to the reestablishment of an epithelial barrier. 

This assumption seems reasonable. The continued decrease 

in fluid volume in subsequent weeks (Table 4) can be ex

plained as continuing regeneration involving the connec

tive tissue portions of the gingival tissues. Previously, 

it has been suggested collagen formation is complete 

about 72 days ~fter surgery involving flap procedures 

(Ramfjord and Costich, 1968). In healthy gingivae there 

should be a regeneration of the periodontal ligament fi

bers by this time, creating a more closely adapted gin

gival collar. 



It is interesting to note if gingival crevi

cular fluid is considered to be an inflammatory exudate, 

the healing process just described takes place in the 

presence of an inflammatory state. 
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In the group of patients with initial fluid 

readings of 0 to 10, 90% remained below 10 (9 out of 10); 

100% (10 out of 10) reached a reading of 10 or below 

sometime during healing. In the group of patients with 

initial fluid readings greater than 10 there is a reduc

tion in this figure to only 50% (7 out of 14) with 57% 

ever showing a reading of 10 or less (Table 5). This in

dicates the degree of inflammation present prior to perio

dontal surgical procedures is inversely proportional to 

periodontal health at the end of this study. The above 

results raise this question: If presurgical readings of 

the quantity of creyicular fluid indicate a "normal" 

range, why procede with surgery? Until the relationship 

between gingival crevicular fluid and inflammation is bet

ter understood we should strive to attain a state of gin

gival health which yields 0 fluid flow. For the present 

it seems fair to state: We can definitely improve gingi

val health via periodontal surgical procedures when the 

tissues are in a presurgical state of health. Our results, 

otherwise, are unpredictable. This indicates many other 

aspects must be considered in a wholistic patient appraisal, 



before the decision is made to procede with periodontal 

surgery. 
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For example, it has been shown scaling and oral 

hygiene instruction produce significant reduction in the 

inflammatory state (Sandalli and Wade, 1969). If this 

pre-surgical regimen should fail to produce these results, 

reappraisal is in order before preceding with surgical 

treatment, since improvement is associated with the degree 

of inflammation present at surgery. 

There is a slight increase in mean readings dur

ing week 10 (Table 4) which may have been contributed to 

by several factors. At the time these readings were ta

ken, many of the patients were undergoing some phase of 

restorative dentistry and a few had received interim par

tial dentures. A positive relationship between restora

tions and inflammation has been demonstrated (Waerhaug 

and Zander, 1957; Brill and Bjorn, 1959). Although there 

was no plaque index recorded, it was noted after initial 

postsurgical polishing had been abandoned, there was a 

tendency for plaque accumulation in some patients. This 

could be due to decreased intensity of oral hygiene moti

vation or sensitivity due to exposed root surfaces. 

Plaque accumulation was noted also by Arnold (1966). 

It can be seen from Table 4, the patients who 

showed increased readings after initial improvement were, 
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with one exception, patients with initially high readings. 

This strongly indicates a host/response relationship. 

This relationship may be with the irritant or microorga

nism, or an indication of abnormal inflammatory response. 

The foregoing discussion illustrates the diffi

culty associated with obtaining a prognosis for periodon

tal surgery. Apropos to restorative intervention follow

ing periodontal surgery the following remarks apply. The 

initial (4-5 week) decrease in fluid volume readings indi

cate reestablishment of an epithelial barrier. The con

tinued healing which takes place through week ten indi

cates reestablishment of the connective tissue elements. 

It therefore seems reasonable to state restorations whose 

preparation will not involve trauma to the connective tis

sue may be carried out four to five weeks postsurgically. 

Those restorations ~hose preparation will involve manipu

lation of connective tissue (probably the greater number) 

should not be carried out until at least ten weeks post

surgically. This is true for two reasons: Epithelium 

covering an immature connective tissue base is less resis

tant to trauma (Ramfjord and Costich, 1968); The quan

tity of crevicular fluid demonstrates the presence of in

flammation, indicating the epithelium is more permeable 

at the four-five week stage. Manipulation at this point 

would allow the ingress of toxic products to increase, 



causing a delay in healing (Brill, 1959b; Squier, 1975). 

This study indicates a vital ingredient of suc

cessful periodontal therapy is regular, periodic debride

ment of the tissues involved with the crevicular area and 

oral hygiene reinforcement. 

The author feels monitoring gingival healing by 

quantitating the volume of the gingival crevicular fluid 

flow is accurate and useful. However, greater knowledge 

and understanding of the composition of gingival crevicu

lar fluid and its relationship to inflammation are neces

sary for quantitative monitoring of crevicular fluid to 

be valued as the sole parameter in assessing gingival 

health. 
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There were insufficient representative samples to 

attempt any type of histologic correlation. This was due 

to poor biopsy technique. Very few areas of junctional, 

crevicular and oral epithelium were available in proper re

lationships. 

However, there were specimens with epithelium, 

either oral or sulcular, intact with their respective con

nective tissue bases for general examination. Sixteen slides 

were reviewed for general characteristics. All showed at 

least a sparse infiltration of inflammatory cells. Approxi

mately 10 showed a more or less dense inflammatory exudate. 

In one slide nearly all normal collagen was replaced by a 



very dense infiltrate, associated with ulceration of the 

epithelium. 
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In general these histologic samples indicated a 

chronic inflammatory state, or a transitional stage between 

acute and chronic. Cell types were neutrophilic polymor~ 

phonuclear leukocytes, plasma cells, macrophage, isolated 

instances of eosinophils and the ubiquitous lymphocytes. An 

attempt was made to illustrate acute, chronic and normal 

sections. These are shown in Figures 8 through 12. 

The prevalence of chronic or subacute sections is 

an expected observation since these patients had undergone 

presurgical periodontal treatment for a period of time vary

ing from 1 to 3 weeks prior to surgery. The removal of pla

que, and in some cases granulation tissue, should allow heal

ing. This is especially true in shallow crevices (3 rnrn. or 

less) where the patient has better access for plaque disrup

tion. 

The illustrations shown in Figures 8 through 12 

are examples of tissue sections obtained from patients in 

the study immediately prior to surgery. The author has at

tempted to show sections which would illustrate various 

stages of inflammation according to cell types and other 

morphologic considerations. These sections are illustra

tions of inflammation and do not imply correlations with 

readings of the Periotron. 
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Gingival inflammation and periodontal disease are 

not static events. Therefore, more than one stage of in-

flamrnation is probably present at the same time. Morpho-

genic sections such as those illustrated can show only one 

portion of the entire inflammatory process present within 

patients. 

The function of inflammation is to mobilize the 

body's defenses, bring them to the injured site and attempt 

to overwhelm the source of injury. The source of injury 

may be mechanical, chemical or bacterial. Regardless of 

the source of injury the tissue response is essentially the 

same and the purpose is: to bring to the area certain pha-

gocytic cells (neutrophilic polymorphoneuclear leukocytes, 
\ 

macrophage, etc.) which dispose of bacteria, dead cells, or 

other debris; bring antibodies to the site (humoral anti-

bodies are serum proteins and escape from the altered endo-

thelium); neutralize and dilute the irritant (edema); limit 

the spread of inflammation; and, to initiate repair, 

Inflammatory responses may be subdivided into four 

major types (Bhaskar, 1969): Acute, subacute, chronic and 

chronic granulomatous. These four types are not distinct 

entities and transitions from one to the other occur con-

stantly. These types or stages of inflammation are res-

ponses to tissue injury and the appearance of each depends 

on the type and intensity of the irritant and the response 
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of the host. 

Acute inflammation occurs immediately following 

injury. Initial vasoconstriction is followed by vasodili

tation. The cellular components of the blood stream move 

peripherally and adhere to the vessel wall. The vessels 

become dialated and white blood cells, particularly poly

morphoneuclear leukocytes, imigrate into the tissue. These 

cells are attracted to the site of injury by chemotaxis. 

As inflammation becomes more severe the endotheiial spaces 

widen, allowing the further migration of larger molecular 

we•ight substances. These larger weight substances are pro

teins (albumin, globulins and fibrinogen). Water also 

leaves the blood stream in large amounts causing edema. 

The crevicular epithelium evidences changes during this 

time, initial widening of the interepithelial spaces in

creases, allowing further ingress of inflammatory products. 

In an apparent attempt to prevent this the epithelium ini

tially becomes thickened; this is demonstrated histologi

cally and by the increase in the mitotic index (Mahajan, 

1976}. At the same time the epithelium is undergoing this 

change, the connective tissue fibers are undergoing degene

ration. The ingress of inflammatory cells causes increase 

in size of the subepithelial layer. This in turn applies 

pressure to the epithelium which becomes further distended. 

Unless the inflammatory cause is neutralized or removed 
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there is eventual ulceration of the epithelium. 

Acute inflammation is characterized histologically 

then by edema, an infiltrate of leukocytes (predominently 

polymorphonuclea leukocytes), disintegration and loss of 

collagen from connective tissue fibers and epithelial chan-

ges. 

Chronic inflammation is a low grade, prolonged 

and proliferative type of inflammation. This occurs when 

the irritation is of low virulance, when host resistance 

is adequate or as a sequellae to . acute inflammation. 

Chronic inflammation may exist as a continuous reaction of 

acute inflammation. It may be indistinguishable from the 

acute stage. The predominant white blood cell is the lym-

phocyte and in proliferative or healing stages plasma cells 

and lymphocytes exist together with plasma cells predominant. 

Microscopically the white cell infiltrate is less dense, 

lymphocytes and plasma cells predominate. The connective 
I 

tissue damage may be less severe. Generally collagenl¢ss 
. ~' I ;" 

from connective tissue fibers is not severe enough to allow 

rapid diffusion of the inflammatory infiltrate. The epi-

thelial changes are less pronounced. Chronic inflammation 

persists for months to years, whereas acute inflammation 

lasts from days to two or three weeks. When an area of in-

flammation demonstrates characteristics of acute and chronic 

elements it is described as sub-acute. 
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Occassionally chronic inflammation may be charac

terized by the presence of large numbers of macrophage. 

These cells form diffuse, circumscribed masses. This re

sponse is called chronic granulomatous inflammation speci

fic for certain types of causitive agents such as foreign 

body reaction and fungus diseases. 

Normal sulcular tissue is demonstrated in Figures 

10 and 11. Though this represents the most normal section 

in this study, it should be noted there are white cells pre

sent in the connective tissue. This may be characteristic 

of normal crevicular tissue (Brenier, 1950). 

The author would like to emphasize the above des

criptions are very general and it is not always possible 

to show discrete stages. The chemical processes occuring 

during inflammation have not been con~idered; these con

tribute in all phase.s of inflammation. The immune response 

of the host may also play an important role by contributing 

to cell damage, especially when the antigen antibody complex 

activates compliment. 

To summarize, inflammation varies in stages from 

acute to chronic. Any microscopic specimens then may show 

any degree of this expansion and the severity may vary from 

extreme to mild. Judgement of the effects and stage of in

flammation are made by: the appearance of the epithelium; 

density of the infiltrate and cell type; amount of collagen 
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\ 

Sulcular epithelium. Sub-acute stage of inflammation. The 
inflammatory infiltrate shows cell types from chronic and 
acute stages. It appears PMN and lymphocytes are about 
equally divided. Breaks are evident in the basal cell layer 
of the epithelium and leukocytes can be seen in the widened 
intercellular spaces. The connective tissue central to the 
infiltrate is unorganized and undergoing dissolution. 

FIGURE 8 



69 

Example of cell types in inflammation. Monocytes are pre
sent with lymphocytes. Polymorphs can be seen migrating 
through the widened intercellular spaces. 

FIGURE 9 
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Oral epithelium representing normal crevicular tissue. It 
should be noted there are a few white cells present in the 
central area of the connective tissue. 

FIGURE 10 
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Enlarged view of oral epithelium representing normal crevicu
lar tissue. 

FIGURE ll 
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An example of a chronic infiltrate. The connective tissue 
fibers immediately around the infiltrate show a loss of 
collagen. Peripheral to the infiltrate the fibers appear 
normal. Plasma cells predominate. 

FIGURE 12 
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dissolution and fiber arrangement of the connective tissue; 

the condition and quantity of the vessels. 

A long term study is desirable involving patients 

who will need periodontal surgical treatment and extensive 

restorative dentistry. Fluid readings should be obtained 

prior to presurgical preparation; after presurgical prepa

ration, before surgery; and, 4 and 10 weeks after surgery. 

Readings should be done after the restorative phase is 

complete and periodically following this for at least one 

year. Controls should be patients who receive surgery and 

no, or minimal, restorative dentistry. 

Confirmation of Newcomb's (1974) research could 

be of value. The Periotron could be used in conjunction 

with another parameter to evaluate the severity of inflam

mation. Because the Periotron is able to detect sub-cli

nical amounts of inflammation it would be possible to tem

porarily place extensive restorations. The quantity of 

fluid could be measured over a period of time to discover 

whether these restorations are creating an unacceptable 

amount of inflammation. If the inflammation is unaccep

table, it could be possible to correct the restorations be

fore permanent cementation. 

Periotron readings should be correlated with other 

indicies in a long term healing study. This could establish 

Periotron readings in realtion to one or two other well es-
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tablished indicies. The Periotron method is easily accom

plished. However, in the author's opinion, it should be 

used in conjunction with other parameters of gingival 

health. A strong correlation with another clinical index 

(eg., G.I.) would provide a reliable objective and quali-

tative analysis which could be readily accomplished. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

There is ample evidence healing occurs during the 

first four to five weeks following periodontal surgery. 

The present experiement was designed to monitor healing for 

ten weeks postoperatively, beginning with postsurgical week 

four. 

Because crevicular fluid has been shown to be a 

reliable indicator of the severity of inflammation, it was 

decided this would be the indicator of healing. The Perio

tron was chosen as the evaluator of fluid volume because of 

its reported accuracy. 

Patients selected for this study presented with 

periodontal disease which was to be treated surgically. 

The results of the investigation have revealed: 

1) The initial healing process (4-5 weeks) is 

probably the result of regaining the epithelial covering. 

2) Healing continues at least through week 10 

postsurgically. This probably represents the maturity of 

connective tissue components, with a resultant improve

ment in tissue tone. 

3) There is a reduction in the quality of post

surtical healing when patients are treated who show presur-



gical readings above 10 on the Periotron. This reading 

roughly indicates the high end of a healthy reading. It 

was shown there is approximately a 50% less chance of at

taining "healthy" readings in 10 weeks or less. 

4) Presurgical preparation is very important. 
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Ideally it should place the tissue in realtive health (read

ing less than 10) before surgery is performed. 

5) The necessity of good presurgical prepara

tion and postsurgical recall and maintenance becomes ob

vious. This is probably the single most important observa- . 

tion displayed. 

6) Crevicular fluid is a reliable estimator of 

gingival health; however, it should be used in conjunction 

with other parameters of gingival health. 
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APPENDIX 



DESCRIPTION OF THE PERIOTRON 

The Periotron contains two jaws that func

tion like the plates of an electrical condensor • 

When a dry strip is inserted, the capacitance is at 

its maximum but, with the appropriate electronic cir

cuits, registers zero on the instrument. Insertion 
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of a wetted strip reduces the capacitance and results 

in a rise in the reading. The rise is directly pro

portional to the area wetted, i.e., to the volume of 

fluid collected on the paper. The jaws have an addi

tional role of considerably reducing sample evapora

tion, which is extremely important with minute samples. 

The Periotron is capable of accurately measuring the 

fluid on the paper strip whether an extracrevicular or 

an intracrevicular technique is used. Because of the 

ease of measurement, the time of insertion in the in

tracrevicular technique can be reduced to as little as 

two or three seconds, which should reduce the irrita

tion considerably. 
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THE PERIO'I'RON 

FIGURE 7 
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ABBREVIATIONS 

GCF - Gingival Crevicular Fluid 
GCF - Mean Gingival Crevicular 

Fluid 
N - Number in sample 
t - Result of t test 
S.D.- Standard Deviation 
P - Probability 

TABLE 1 
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Crevicular Fluid Volume Measurements 

PATIENT CONSENT FORM 
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The purpose of this study is to determine if there is an in

crease in the amount of fluid flowing from the space between the 

teeth and gums after placing a crown (cap). 

This preliminary study will utilize an instrument that mea

sures very small amounts of fluid and possibly can be used to de

tect gum disease before it has progressed to an advanced stage. 

The procedure will involve isolating the teeth with st~rile 

cotton rolls, then placing a small ~terile piece of filter paper 

next to the teeth near the gums for about three (3) seconds. Seve

ral teeth will be measured in this ;panner. This will not produce 

any discomfort or have any ill effe,pt whatsoever on the gum!P orr the 

teeth. The entire procedure, inclu 1~ing filling out the que~tion

naire, should take approximately tw~nty (20) minutes. 

If at any time during the proc~dure you want to withdr,w your 

participation in this study, you are free to do so. 

I HAVE READ THE ABOVE INFORMATION AND WILL PARTICIPATE IN THIS 

STUDY. PARTICIPANT'S SIGNATURE _______________ _ 

DATE--------------------------~------



APPROVAL SHEET 

The thesis submitted by David L. Koth, B.S., 

D.D.S. has been read and approved by members of the De-

partment of Oral Biology. 

The final copies have been examined by the di-

rector of the thesis and the signature which appears be-

low verifies the fact that any necessary changes have 

been incorporated, and that the thesis is now given final 

approval with reference to content, form, and mechanical 

accuracy. 

The thesis is therefore accepted in partial ful-

fillment of the requirements for the Degree of Master of 

Science. 

Date S1gnature of Advisor 


	Loyola University Chicago
	Loyola eCommons
	1977

	A Comparison of Crevicular Fluid Volume: Pre and Post Periodontal Surgery
	David L. Koth
	Recommended Citation


	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083
	img084
	img085
	img086
	img087
	img088
	img089
	img090
	img091
	img092
	img093
	img094
	img095
	img096
	img097
	img098
	img099
	img100
	img101

