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My scientific work is based on a hypothesis putiamd by Finnish authors: L.A. Sevon, K.K.
Makinen (1996) “Dietary Shifts May Explain the ldence of Periodontitis in Industrialized

Countries”. This hypothesis postulates that
1. Hypothesis

“It has been known for 30 years that gingivitisflammation of the gingivae) can be
experimentally induced by allowing dental plagueatzumulate. All gingivitis does not,
however, lead to periodontitis. The onset of thg#eftaseems to require gram-negative,
anaerobic infection. Experimental periodontitidaboratory animals has been established by
silk ligatures and by a soft diet. The only meckanrendering subgingival plague formation
possible operates vigingival sulcus formation The sulcus, together with the calcifying
plague, manifests the subgingival space and deapamverting the sulcus eventually to a
gingival pocket Considering this type of favorable circumstandets, only a matter of time
until each pocket getsecondarily infectedwith potently virulent bacterial species which
accelerate the overall pathologic process. Theepess of a gingival sulcus is certainly
common in modern humans; one may speak even abewo:calledanatomical sulcus.
The presence of a gingival sulcus may, howeveulré®m the nature ofmodern diet. It is
indeed conceivable that the existence of a sulsuimked to altered nutrition. It is only the
existence of the sulcus that explains why - nowadaglcifying plagueis detrimental to the
periodontium. This view is supported by clinicalpexience - even if the patient uses the
toothbrush properly. The calcifying plague can lbesidered a factor that maintains the
integrity of the teeth. In the past, when there wasrofessional periodontal care, it would
not have been biologically sensible that the samaéof that protects the teeth would on the
other bring about their loosening. It can be asglthat the plaque that calcified in the past
times never had access to the subgingival spaéerito subgingival calculus. Instead, it is
conceivable that all calculus and all plaque warpragingival. It has been seen in ancient
skeletal material that supragingival calculus het grown over the bone (and naturally over
the gingivae), instead of becoming wedged betwden lone and the tooth to form

subgingival calculus.



Some mechanism must have kept the gingivae sdytighhered to the tooth surface that
bacteria did not have much access to the subgihgpaxe. It is our opinion thabntinuous
tooth eruption constitutes such a mechanism. Although human @ettiffer from rodents’
incisors (which represent true continuously erupteeth), it is nevertheless possible that the
compensatory eruption demanded by the wear caugedoérse food, was sufficient to
eliminate sulcus formation. We assume that the édorhumans hadalcifying plaque; the
caries-free dentitionsof ancient skulls support this view. If these hasiéad had a similar
anatomical sulcus as that in modem humans, allhemt should have suffered from
destructive periodontitis associated with pockeimfation. This would have led to loosening
of the teeth. However, studies on ancient skeletterial suggest that, although the former
humans did have so-callattachment loss it most likely resulted from eruption, i.e. the
tooth 'grew out' from the jaw bone without the alveolar bone foliogv the tooth in this
eruption process. The calcification of plague ia thodern human constitutes a problem of
the minority since most people haseft plaque owing to altered diet According to our
clinical experience, those who nowadays have gahgf plaque are susceptible to
periodontitis. One can, of course, avoid the disdpsrelying orprofessional care it is not
easy to remove calcifying plaque from the sulcusedaorhome careonly. Calcifying plaque

is not the same as calculus; the former is stidllyactive plague which, however, turns within
a short period of time harder than non-calcifieagple. Because soft plaque can be controlled
by means of home care, one has observed duringdbke decades that periodontitis has
somewhat decreased along with improved oral hygidie importance of food in the
development of periodontitis is accentuated by isgidwhere the first experimental
periodontitis cases in laboratory animals were aeduby means of soft diet. In other words,
after receiving food that did not wear teeth, ottipse animals whose teeth were cleaned
twice daily were saved from periodontitis. Calaifyiplaque, rich in calcium and phosphorus,
seems to be associated with caries-free teeth ahdperiodontitis. We have shown higher
calcium content in periodontal subjects not onlgémtal plaque but also insaliva. In young
subjects with no periodontal problemshigh plaque calciumlevel was associated with a
high number of intact teeth present. A significant positive correlation wasetved between
saliva and plaque regarding their calcium and phatp contents. The possible role of
calcium in periodontal disease has been discusgedldm et al from another point of view:
they studied the uptake of Ca** by endotoxin-chadled fibroblasts in vitro and correlated
alterations in calcium homeostasis with the pathegis of periodontitis. The main source of

calcium present in stimulated saliva is serum, taécium level of which is relatively
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constant, and any changes in serum calcium arendedaout by dietary uptake or by
mobilization of the calcium deposits of mineralizesbues. The saliva of the modern human
may also be regarded as a source of Ca ++. Acaptdimecent reports, dietary calcium is
lower and the sugar content is higher in todaysragye diet than earlier. Consequently,
calcifying plaque can no longer be regarded as mnuon clinical finding in most
industrialized countries. This assertion is in fabngruence with the low prevalence of
periodontitis. The idea of the gingival sulcus agf a part of the physiologic anatomy of the
periodontium can be disputed. The formation ofgbkusmay, de facto, constitute the very
first step towards periodontitis. We would thus like to suggest as an alternatiyeothesis
that gingival sulcus formation does not occur atpabvided that the diet consumed is
sufficiently hard and coarse, leading to toothitadtr and compensatory tooth eruption.

Several studies have indeed discovered a closgoredhip betweenrttrition anderuption,
suggesting that thecclusal wearof the teeth is compensated by the eruption ofithdition.
With a hard and gritty diet resulting in moderateheavy occlusal attrition, the attachment
loss of the teeth is suggested to mostly resuthfcompensatory eruption and not from bone
resorption. In industrialized countries, the dias lthanged from hard to soft during the past
centuries and, hence, occlusal attrition is a farding in industrialized populations.
However, both sulcus formation and subgingival p&agetention are common. What caused
the absence of the sulcus in ancient humans? Thgimah gingival epithelium can be
regarded as a fusion of two cell populations,theoral epithelium and thereduced enamel
epithelium, According to our hypothesis, both maintain thein basal cell layers. It has
been demonstrated previously that an internal basetamina exists between enamel and the
adjacent epithelial cells. It was recently showattthese cells divide as basal cells do.
Consequently, it is obvious that the junctionaltlegium has two basal cell layers, one
adjacent to the connective tissue, forming the @led external basement lamina, and one
adjacent to the tooth. Maintaining the ability -eavafter tooth eruption - of the latter cells
(so-called 'DAT" cells) to divide, was in ancieninians an unconditional prerequisite for the
integrity of the epithelial attachment, since tlewfoundation of the attached cells (i.e. the
tooth) was constantly erupting to prevent reducetusal vertical dimension caused by the

wearing of the occlusal surface”.



2. Introduction

There is no general agreement on the pathogenéspermdontitis. However, there is
increasing evidence thatvariation in salivary calcium concentrations is an important factor
in thedevelopment of periodontitisand overalldental health in industrialized countries. A
high level of salivary calcium is closely related tapidly mineralizing plaque and an
increased susceptibility to periodontitis. It haeb known for 30 years that gingivitis can be
experimentally induced by simply allowing dentahguie to accumulate at the gingival
margin. It was earlier believed that the diseasgn@sses from gingivitis to periodontitis in a
linear fashion. New epidemiological evidence sutggdsowever, that generalized destructive
periodontitis is relatively rare even in the adpdfpulations where gingivitis is much more
common and severe. On the other hand, even patetitsan overall healthy periodontal
situation can sometimes reveal a severe loss athattent at isolated sites. This discrepancy
has been explained by the hypothesis that periaticideases are due to specific bacterial
infections. According to this; periodontal infegt®are suggested to resemble other specific
infections in that certain, so called periodontbpgen species would initiate various gingival
or periodontal diseases. However, it is impossiblenduce chronic adult periodontitis-like
diseases experimentally by infecting animals witly af the known periodontopathogens.
Subcutaneous injection of these pathogens causete abscesses, but not chronic
periodontitis. Chronic periodontitis-like diseasmmn be experimentally induced by placing
sub-gingival ligatures around the crevical area of a tooth. Due to sulgigal ligature the
plaque starts to accumulate under the gingival maagd the bacterial biofilm becomes
predominantly gram-negative and anaerobic. Addailgn microbial plague starts to migrate
deeper in the sub-gingival direction and soon dfanmmatory connective tissue lesions,
followed by evident epithelial accretion. The egrste of gingival sulcus is a predisposing
factor for periodontitis. If the plaque is not rdlyi calcifying, it is possible to eliminate sub-
gingival plaque deposits from shallow sulci simpiyh good oral hygiene. However, in cases
of rapidly calcifying plague, a sub-gingival "ligae" is soon formed from the calcifying
biofilm, which is impossible to eliminate by homare methods alone. Professional cleaning
is needed to eliminate this mineralizing plaguerfrthe crevices. Despite the fact that only
sub-gingival plaque retention can induce chroniggaentitis, as of yet there is no common

agreement for accepting this concept as the patiesgeof the disease.

Subgingival plaque behaves similarly to a subgiabjiigature in predisposing to periodontal

disease. Rapid plaque formation has been provedotoote a higher calcium content of the
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saliva particularly in smokers. Studies of the dratteria irsmokersandnon-smokershave
led to inconclusive results, some investigationdidating significant differences in the
numbers and compositions of these bacteria betwesrvkers and non-smokers, whereas

others did not.

Only part-result has been published on the int&net level, gene polymorphism, leukocyte

activity and phagocytosis in relationship to smgkamd periodontal disease.

3. The aim and question to be answered

The aim of this study therefore was to assess tssilpility of differences in the calcium
concentrations of the saliva and whether or nas ian aggravating factor in periodontal

disease for smokers.
4. Methods and materials
4.1. Studies

4.1.1.SALIVARY CALCIUM CONCENTRATION IN RELATION OF PERIODONTAL HEALTH OF

FEMALE TOBACCO SMOKERS

Adult patients were selected to permit a comparsofemale smokers and non-smokers on
the basis of the periodontal status. Exclusiorecatwere severe general health problems (for
example: diabetes, or high blood pressure) thecppt®n of medication (e.g. Ca antagonist),

and fewer than 16 remaining teeth.

A total of 51 female patients were screened fa $hiidy. Seven women were excluded due to
of systemic health problems. Following screeningtotl of 44 women 24 smokers (4
periodontitis-free, 16 with chronic, and 4 with aggsive periodontitis, mean age of 50.2
years = 6.9) and 20 non-smokers (mean age 54.7x16.6eriodontitis-free, 9 with chronic
and 1with aggressive periodontitis) were includethis study.

The study protocol was approved by the ethical catemof the University of Szeged. The
following parameters were recorded from all exigtieeth: radiographic bone loss, plaque

index, gingival index and calculus index.



A single P score for the horizontal and/ or vetteriodontal bone loss, determined from an

orthopantomogram, was given for each subject \@athieria of Sevon & Parvinen (1988):
. PO = no marginal bone loss.

P1 = mild marginal bone loss throughout the demtitor at several sites, but not

exceeding 30% of the root length anywhere in thditien.

. P2 = moderate marginal alveolar bone loss, invghan least 30% of the root length
throughout the dentition or at several sites, lmitaxceeding 50% bone loss anywhere in

the dentition.

P3 = advanced marginal alveolar bone loss, invghan least 50% of the root length

throughout the dentition, or at several sites.

Pocket depth was probed to the nearest millimetdr &2 mm graduated Williams-probe at
six sites per tooth. The numbers of fillings, crewetc. were also recorded, as were caries-

free and missing tooth data.

Participants were asked not to eat or drink, ancestrain from tooth brushing and smoking
for one hour before the clinical examination anlivaacollection. A piece of paraffin-wax (1
g) was used to stimulate salivary secretion. THeaaecreted during the first 60 sec. was
swallowed; that secreted during the next 10 mirs expectorated into graduated test-tubes
and the flow-rate was measured. To standardizeasglcalcium recoveroth soluble and
protein-bound, non-centrifuged whole saliva was usk 2ml of samples of which were
frozen and stored at -20° C for calcium measuresi€éfte calcium concentration of the
saliva was analyzed using atomic absorption spelsttometry (Perkin-Elmer Atomic
Absorption Spectrophotometer Model 303), as desdrikearlier (Sevon, Sdderling,
Karjalainen 1990).

Clinical examinations and saliva sampling were iedrrout at the Department of
Periodontology in Szeged Hungary, and measurenoérsglivary calcium at the Department

of Periodontology, in Turku Finland.

The significance of the differences between growss analyzed with the Multivariate

Analysis of Variance-test.



4.1.2.THE EFFECT OF AGE ON FLOWRATE, PROTEIN AND ELECTROLYTE COMPOSITION OF

STIMULATED WHOLE SALIVA IN HEALTHY , NON-SMOKING WOMEN

The aim was to study the effectadeon salivaryflow rate, the level ofcalcium, phosphate
magnesium sodium andpotassiumin healthy women. These results can be used aserefe

values for 30-59-year-old women.

Participants

Originally our study group consisted of 1030 won(age range 30-62 years) participating in a
pre-screen referral program for osteoporosis. Tdreesing was carried out by the Public
Health Centre of Raisio, a South-Western Finnismroonity with a population of 23 000
inhabitants. The age cohorts invited by the preetrprogram in 1999 included all women
living in the community and born in the years 194041, 1943, 1945, 1949, 1954, 1957,
1959, 1964 and 1969. There was one subject bot®37 who participated in the screening
but was excluded from the present study. Women wihfied (N=12) and uncertain
pregnancies (N=3) were excluded. A brief medicatdry including medications and smoking
habits were recorded by a questionnaire filled bwutall consenting participants before
screening. All participants having one or severdtemic diseases or using medications
including hormone replacement therapy were excludddvomen who reported of smoking
habits were also excluded. The age distributiothefremaining healthy, non-medicated, non-
smoking subjects (N=255, 30-59 years) is preseriibg. women were further divided in

subgroups at five-year intervals.

Ethics
The study was approved by the ethics committed@fmunicipality of Raisio. The subjects

were volunteers and informed consent was obtairged &ll participants.

Electrolyte and protein analysis

Calcium, magnesium, potassium and sodium concenigatwere measured by atomic
absorption spectrophotometer (Perkin-Elmer Atomigsdtption Spectrophotometer Model
303, Norwalk, USA). Due to the strong affinity adlcium to form complexes with salivary

proteins, non-centrifuged whole saliva containinghiprotein-bound and soluble calcium was



used for the assay. A total of 2(Dsaliva was mixed with 1760l of water and 4Qul of 5%
lanthanum oxide. The analyses of magnesium, potassind sodium were made from
centrifuged saliva (12 00§ 10 min, +4C) after dilution with ion-exchanged water. Inorigan
phosphate was analyzed according to Kallner arad pobtein according to Lowry et ahoth
from centrifuged saliva. Bovine serum albumin waseds as a standard for protein

determinations.

Satistical analysis

The normality of distributions of the response ahles were controlled by th&lmogorov-
Smirnov test. Before statistical analyses, logarithmic transfations of the salivary variables
were made due to the skewed distributions. Thesstatl evaluations were performed by one-
way analysis of variance. Correlations between fi@ate and salivary constituents were
measured by Pearson's correlation coefficientsomroercial software program (Statistical
Package for Social Sciences for Windows, versidy SPSS Inc., Chicago, lllinois, USA)

was used to run the statistical analyses.

4.1.3.SALIVARY CALCIUM IN RELATION TO ORAL HEALTH OF TOBACCO SMOKERS

Adult patient were selected as to compare femalekers and non-smokers on the basis of
sex, age, and periodontal state. Exclusion criteese severe general health problems (for
example: diabetes, or high blood pressure) andégication (for example: Ca antagonist),
and fewer than 16 remaining teeth.

Altogether 38 women were examined, 24 of whom vgenekers, and 14 were non-smokers.
Clinical data and clinical examinations were parfed in the same way as it was in the first
study. Clinical examinations and saliva samplingenearried out at the private practice of the
principal author (E.K.) in Kecskemét, Hungary. M@@&snents of salivary calcium were done
at the University of Turku’s Institute of Dentisti@epartment of Periodontology, in Finland.



5. Results
5.1. Studies

5.1.1. SALIVARY CALCIUM CONCENTRATION IN RELATION OF PERIODONTAL HEALTH OF

FEMALE TOBACCO SMOKERS

The examination on the 44 women revealed thatrtéan calcium contentof the saliva was
significantly higher (57.76 ug/mli+18.8) for themokers than for the non-smokers (44.6
ug/mi+7.8 p<0.05).

The periodontal examinations demonstrated a staiist significantly greater degree of
bone lossin the smokers than in the non-smokers, and theean P scorefor the non-
smokersP=0.75 wasower than that for the smokers P=1.67. Thean probing depthsand
the extent ofcalculus were higher in smokers (p<0.05), but theplaque index and the
bleeding-upon probing valuedid not differ in the two groups.

5.1.2. THE EFFECT OF AGE ON FLOWRATE, PROTEIN AND ELECTROLYTE COMPOSITION OF

STIMULATED WHOLE SALIVA IN HEALTHY , NON-SMOKING WOMEN

Salivary flow rate
Flow rate of paraffin-stimulated saliva varied beém 0- 4.0 ml/min andid not show any
age-related changesluring the time span of nearly three decades.

The effect of age on salivary composition

Salivary calcium andphosphateconcentrations showed a cléacreasewith increasing age.
Calcium and phosphate increased about 12 % at raaeepas compared to the age period
between 45 and 49 years.

The effect of flow rate on salivary composition

Salivary flow rate correlated negatively with magnesium potassium phosphate and
protein level andpositively with sodium. Calcium was the only electrolyte which drbt
show correlation wittflow rate. Means and standard deviations (SD) of salivaow frate,
sodium, potassium, magnesium concentrations anteipr@ontent and 97.5% and 2.5%

percentiles of all age groups are given.
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5.1.3. SLIVARY CALCIUM IN RELATION TO ORAL HEALTH OF TOBACCO SMOKERS

10 matched groupswere created, in th® of which thesalivary calcium level of the
smokers was significantlyhigher (p<0, 02, two-sample T-test). Periodontal exanamat
revealed ahigher bone loss a greater probing depth and fewer remaining teeth less

bleeding on probing irsmoker patients.
6. Discussion

Smoking is considered a major risk factor for thevelopment and progression of
periodontitis, the mechanisms not fully understog@d. Poorer oral hygiene in smokers,
compared with non-smokers has been a consistatin@jnn earlier studies. It was explained
by the fact that increased severity of chronicamfinatory periodontal disease in smokers is
most probably due to increased amounts of plaqdecalculus. However, when smokers and
non-smokers with a similar level of oral cleanlim@gere compared for severity of periodontal
disease, the differences were not statisticallpiBaant. It has also been found that smoking
does not significantly increase the rate of plafpueation but it doesncrease the calcium
concentration of plague. As mentioned earlier, plaque with hgdicium content rapidly
hardens and is therefore an indirect cause of parhygiene. It has been shown previously
that smokers have difficulty in performing effeaitooth brushingBergstrom et al. found
that supragingival calculus was strongly associatgd smoking. The influence of smoking
on the amount of supragingival calculus was dogeuaéent. Supra-and subgingival calculus

is known to be especially favorable for microbied\gth and retention.

According to Sevon (1966), subgingivally retaineapidly mineralizing plaque may be an

important reason for periodontitis susceptibility.

Thus it seems that one of the main ide effectsof smoking is more rapidlymineralizing

plaque anddisease progressioms compared with non-smokers.

The present results are in agreement with therfgglof Sevon et al (2000) and Macgregor et
al (1986), that thealcium concentration of the stimulated saliva of tobacco smokersis
higher than that of non-smokers. Zuabi et al (1996). thuhowever, reduced calcium
concentration of non-stimulated saliva of tobacoookers. According to Sevon (2004),
decrease of skeletal bone density, a known sidectethf smoking, may be reflected in

increased levels of salivary calcium.
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To our knowledge this is the first time when saiwaomposition has been studied for
reference purposes in non-medicated and non-smakorgen to this extent. In this study,
apart from smoking, we wanted to exclude all pdessalivary effects of medications as well.
Flow-rate correlated positively with sodium and amgely with phosphate, potassium,
magnesium and protein, which is partly in line witle most recent text-book data. However,
some of our findings are controversial as compaoegiarlier reports: we found that salivary
potassium was negatively correlated with flow rate contrary to Dawes who showed that
potassium was independent of salivary flow rates Thay be due to two reasons: firstly, we
studied whole saliva in contrast to Dawes whosglt®spply to sublingual or parotid saliva,
and secondly we made inter-individual comparisossopposed to Dawes who presented
intra-individual comparison<Calcium was the only electrolyte in our study, which diot
correlate with salivary flow-rate. This is in contrast to earlier studies showingremease in

salivary calcium with short-term citric acid stimatibn of parotid saliva.

According to our study, salivargalcium and phosphate concentrationsncrease with age
showing peak values arountenopause Therefore we suggest that menopause is reflected
saliva as elevated levels of calcium and phospAdtes. result is well in accordance with our
earlier findings. The reason why salivary calciueerss to increase with age may be
explained by the hypothesis we have presentedeeavlth smokers: aecreasein skeletal
bone density, seen often in elderly people, magreasethe amount otalcium in saliva.
However, this phenomenon is not completely clearraeds further studies. We have data on
salivary calcium of different study populations lwitecreasing bone mineral densitysuch

as patients wittrheumatoid arthritis, heavy smokersand women inmenopausal ages
They all have higher means of salivary calcium llewdaen compared to age-matched
counterparts. We have also found that hormone eepiant therapy, which has a stabilizing
effect on calcium content of bone, has a similégatfon salivary calcium.

Earlier it was generally believed that salivarywlloate decreases with age, but increasing
number of studies are showing theding doesnot affect the rate of stimulated whole
saliva. Our current finding of no correlation between age salivary flow-rate is well in line
with the works of Parvinen and Larmas, Tylendalgtaad with the more recent studies of

Narhi et al., Percival et al., and Yeh et al.
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7. Conclusion

1.

N

Salivarypotassiumwasnegatively correlated witHlow rate.
Age hadno effect on thdlow-rate of stimulated saliva.

Salivarycalcium andphosphateconcentrationgncreasedwith ageshowing peak

values around menopause.

In addition, normalreference valuesof salivary electrolytes fowomen of
different age groups are provided to enable future diagnostic use tf/ay

electrolytes.

Within their limits, the present findings seem talicate thatsmoker female
periodontitis patients exhibithigher salivary calcium levels compared to non
smokers. The clinical significance of these findingeeds, however, to be
determined in further, large scale controlled stadi
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