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My scientific work is based on a hypothesis putMard by Finnish authors: L.A. Sevon,
K.K. Makinen (1996) “Dietary Shifts May Explain thkecidence of Periodontitis in
Industrialized Countries” [1]. This hypothesis pdates that:

1.Hypothesis

“It has been known for 30 years that gingivitisflammation of the gingival) can be
experimentally induced by allowing dental plaqueat@umulate [2]. All gingivitis does
not, however, lead to periodontitis [3]. The oneétthe latter seems to require gram-
negative, anaerobic infection [4]. Experimentalipdontitis in laboratory animals has
been established by silk ligatures [5] and by a sét [6]. The only mechanism
rendering subgingival plague formation possiblerafes viagingival sulcus formation
The sulcus, together with the calcifying plaque,nifests the subgingival space and
deepens it, converting the sulcus eventuallygagival pocket Considering this type of
favorable circumstances, it is only a matter ofetiomtil each pocket getecondarily
infected with potently virulent bacterial species which @ecate the overall pathologic
process. The presence of a gingival sulcus isiogrtaommon in modern humans; one
may speak even about the so-calladatomical sulcus. The presence of a gingival

sulcus may, however, result from the naturenoflern diet. It is indeed conceivable that
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the existence of a sulcus is linked to altereditory. It is only the existence of the sulcus
that explains why - nowadaygalcifying plaque is detrimental to the periodontium. This
view is supported by clinical experience - evethé patient uses the toothbrush properly.
The calcifying plague can be considered a factat mmaintains the integrity of the teeth.
In the past, when there was no professional peniadccare, it would not have been
biologically sensible that the same factor thatguts the teeth would on the other bring
about their loosening. It can be assumed that thgup that calcified in the past times
never had access to the subgingival space to &ugingival calculus. Instead, it is
conceivable that all calculus and all plaque wsupragingival. It has been seen in
ancient skeletal material that supragingival calsuhas just grown over the bone (and
naturally over the gingivae), instead of becomireflged between the bone and the tooth
to form subgingival calculus (Figs. 1-2).

Fig.1l. Growth of supragingival calculus over the bonad(aover the gingivae), a
phenomenon which can in some cases be observethdts® modern man, as in this 37-
year old male subject. Note that the calculus fsbrcome wedged between the bone
and the tooth. In this case, the supragingival utatc grows over the gingivae of the
buccal surface of d16.



Fig. 2. Diagrammatic presentation of calculus formatioverothe bone (over the
gingivae). Location of calcifying plaque (dark asithded areas) without sulcus (A) and

with sulcus or with an established gingival podf&t

Some mechanism must have kept the gingivae sdytigthered to the tooth surface that
bacteria did not have much access to the subgihgpace. It is our opinion that
continuous tooth eruption constitutes such a mechanism. Although human tdeth
differ from rodents' incisors (which represent trcentinuously erupting teeth), it is
nevertheless possible that the compensatory erupigmnanded by the wear caused by
coarse food, was sufficient to eliminate sulcusmation. We assume that the former
humans hadalcifying plaque; the caries-flee dentitionsof ancient skulls support this
view [7-9]. If these humans had had a similar amétal sulcus as that in modem
humans, all of them should have suffered from destre periodontitis associated with

pocket formation. This would have led to loosenofgthe teeth. However, studies on
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ancient skeletal material suggest that, althoughftimer humans did have so-called
attachment loss it most likely resulted from eruption, i.e. thath'grew out' from the
jaw bone without the alveolar bone following thettoin this eruption process [10-12].
The calcification of plague in the modern humanstibutes a problem of the minority
since most people hawoft plaque owing to altered diet. According to our clinical
experience, those who nowadays have calcifyingualaare susceptible to periodontitis.
One can, of course, avoid the disease by relyingrofessional care it is not easy to
remove calcifying plaque from the sulcus basedhame careonly. Calcifying plaque is
not the same as calculus; the former is still yvigadtive plaque which, however, turns
within a short period of time harder than non-dadi plaque. Because soft plaque can be
controlled by means of home care, one has obseduethg the past decades that
periodontitis has somewhat decreased along witldugal oral hygiene. The importance
of food in the development of periodontitis is atcated by studies where the first
experimental periodontitis cases in laboratory afsmwere induced by means of soft
diet. In other words, after receiving food that cidt wear teeth, only those animals
whose teeth were cleaned twice daily were savenh fperiodontitis [6]. Calcifying
plaque, rich in calcium and phosphorus, seems tsbeciated with caries-free teeth [13]
and with periodontitis [14]. We have shown highalcm content in periodontal
subjects not only irdental plaque but also insaliva [14]. In young subjects with no
periodontal problems, kigh plaque calciumlevel was associated withreagh number

of intact teeth present [15]. A significant positive correlation svabserved between
saliva and plaque regarding their calcium and phatgpcontents [16]. The possible role
of calcium in periodontal disease has been disdusgéleo et al [17] from another point
of view: they studied the uptake of Ca** by endoisghallenged fibroblasts in vitro and
correlated alterations in calcium homeostasis With pathogenesis of periodontitis. The
main source of calcium present in stimulated sakvserum, the calcium level of which
is relatively constant, and any changes in serultiura are balanced out by dietary
uptake or by mobilization of the calcium depositsnineralized tissues. The saliva of the
modern human may also be regarded as a source ®# Caccording to recent reports,
dietary calcium is lower and the sugar contenigbér in today's average diet than earlier
[18,19]. Consequently, calcifying plaque can naglembe regarded as a common clinical
finding in most industrialized countries. This asisa is in full congruence with the low
prevalence of periodontitis [20,21]. The idea & tlingival sulcus as being a part of the

physiologic anatomy of the periodontium can be alie@. The formation of theulcus
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may, de facto, constitute the vdimgt step towards periodontitis. We would thus like to
suggest as an alternative hypothesis that gingiwklus formation does not occur at all
provided that the diet consumed is sufficientlychand coarse, leading to toditirition
and compensatoitpoth eruption (Fig. 3).
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Fig. 3. Proposed relationship between two different dypes and oral plague diseases
(periodontal disease, calculus, dental cariesiliét,characterized by the presence of hard
and coarse ingredients, by adequate calcium leapts by very small amounts of caries-
associated, fermentable carbohydrates. This typelietf was presumably consumed
before industrialization. B, diet characterizedsoft consistency and which is either poor
or rich in calcium, but which frequently contaimsder quantities of fermentable, refined,
caries-causing sugars. This type of diet is custiyneonsumed in most industrialized

countries.
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Several studies have indeed discovered a closgiamthip between attrition and
eruption, suggesting that tleeclusal wearof the teeth is compensated by the eruption of
the dentition. With a hard and gritty diet resugtim moderate or heavy occlusal attrition,
the attachment loss of the teeth is suggested silym@sult from compensatory eruption
and not from bone resorption [11-13]. In indusizedl countries, the diet has changed
from hard to soft during the past centuries [18a®4, hence, occlusal attrition is a rare
finding in industrialized populations. However, both sulcus formation and subgingival
plaque retention are common. What caused the absdribe sulcus in ancient humans?
The marginal gingival epithelium can be regarded &ssion of two cell populations, i.e.
the oral epithelium and thereduced enamel epithelium[22], According to our
hypothesis, both maintain their own basal cell tay# has been demonstrated previously
that an internal basement lamina exists betweemelnand the adjacent epithelial cells
[23]. It was recently shown that these cells divédebasal cells do [24]. Consequently, it
is obvious that the junctional epithelium has twasdl cell layers, one adjacent to the
connective tissue, forming the so-called extermelenent lamina [23], and one adjacent
to the tooth. Maintaining the ability - even afteoth eruption - of the latter cells (so-
called 'DAT’ cells [24]) to divide, was in ancidgnimans an unconditional prerequisite for
the integrity of the epithelial attachment, sinbe very foundation of the attached cells
(i.e. the tooth) was constantly erupting to preveatuced occlusal vertical dimension
caused by the wearing of the occlusal surface”.

2. Introduction

There is no general agreement on the pathogenegisriodontitis. 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 abg related to rapidly mineralizing
plaque and an increased susceptibility to periatertl3,25,26,27,28,29]. It has been
known for 30 years that gingivitis can be experitaiy induced by simply allowing

dental plaque to accumulate at the gingival mafg]n It was earlier believed that the
disease progresses from gingivitis to periodontitisa linear fashion [30]. New
epidemiological evidence suggests, however, thaégdized destructive periodontitis is
relatively rare even in the adult populations whgrggivitis is much more common and
severe [31,32]. On the other hand, even patients am overall healthy periodontal

situation can sometimes reveal a severe loss afchattent at isolated sites. This
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discrepancy has been explained by the hypotheatspiériodontal diseases are due to
specific bacterial infections [33]. According taghperiodontal infections are suggested
to resemble other specific infections in that dartao called periodontopathogen species
would initiate various gingival or periodontal dises. However, it is impossible to
induce chronic adult periodontitis-like diseasepegimentally by infecting animals with
any of the known periodontopathogens. Subcutaniegersion of these pathogens causes
acute abscesses, but not chronic periodontitisor@tperiodontitis-like diseases can be
experimentally induced by placirsub-gingival ligatures around the crevical area of a
tooth [34]. Due to sub-gingival ligature the placiarts to accumulate under the gingival
margin and the bacterial biofilm becomes predontigagram-negative and anaerobic.
Additionally, microbial plaque starts to migrateeger in the sub-gingival direction and
soon an inflammatory connective tissue lesionsodad by evident epithelial accretion.
The existence of gingival sulcus is a predispodmgor for periodontitis [1]. If the
plaque is not rapidly calcifying, it is possible éiminate sub-gingival plague deposits
from shallow sulci simply with good oral hygiene.owever, in cases of rapidly
calcifying plaque, a sub-gingival "ligature" is sofbrmed from the calcifying biofilm,
which is impossible to eliminate by home-care mdthalone. Professional cleaning is
needed to eliminate this mineralizing plaque frdra trevices. Despite the fact that only
sub-gingival plague retention can induce chronidgo®ntitis, as of yet there is no
common agreement for accepting this concept apdtiegenesis of the disease.

Subgingival plague behaves similarly to a subgialiligature in predisposing to
periodontal disease. Rapid plague formation has pezved to promote a higher calcium
content of the saliva [13,25,26,27,28,29], pardyl in smokers [35,36]. Studies of the
oral bacteria insmokers and non-smokers have led to inconclusive results, some
investigations indicating significant differencesthe numbers and compositions of these
bacteria between smokers and non-smokers [37,3®Jraas others did not [39,40].

Only part-result has been published on the intknted level, gene polymorphism
[41,42], polymorphonuclear leukocyte activity andhagocytosis in relationship to

smoking and periodontal disease [43,44].
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3. The aim and question to be answered

The aim of this study therefore was to assess disilpility of differences in the calcium
concentrations of the saliva and whether or n@ @&n 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 comparisoiemale smokers and non-smokers
on the basis of the periodontal status. Exclusiotera were severe general health
problems (for example: diabetes, or high blood sue=s) the prescription of medication

(e.g. Ca antagonist), and fewer than 16 remairgatht

A total of 51 female patients were screened fos #tudy. Seven women were excluded
due to of systemic health problems. Following saieg, a total of 44 women 24 smokers
(4 periodontitis-free, 16 with chronic, and 4 wabgressive periodontitis, mean age of
50.2 years £ 6.9) and 20 non-smokers (mean ageB3.4, 10 periodontitis-free, 9 with
chronic and 1with aggressive periodontitis) weiduded in this study (Fig. 4).
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Fig. 4. Mean of the examined smoker (s 50.2+6.89 yeans) @on-smoker (ns

54.7+15.65 years) woman’s ages; s=smoker, ns=naiem

The study protocol was approved by the ethical cataeof the University of Szeged.
The following parameters were recorded from alstng teeth: radiographic bone loss,

plaque index, gingival index and calculus index-{/&3.

A single P score for the horizontal and/ or vettgariodontal bone loss, determined from
an orthopantomogram, was given for each subjecthgacriteria of Sevon & Parvinen
(1988), as follows (Fig. 5a,b,c,d):
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Fig. 5a.P0 = no marginal bone loss.

Fig. 5b. P1 = mild marginal bone loss throughout the demtitr at several sites, but

not exceeding 30% of the root length anywhere éndéntition.
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Fig. 5¢.P2 = moderate marginal alveolar bone loss, invghahleast 30% of the root
length throughout the dentition or at several sibeg not exceeding 50% bone loss

anywhere in the dentition.

Fig. 5d. P3 = advanced marginal alveolar bone loss, invghdahleast 50% of the root
length throughout the dentition, or at severalssite
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Pocket depth was probed to the nearest millimeiir a2 mm graduated Williams-probe
at six sites per tooth. The numbers of fillingHwens, etc. were also recorded, as were

caries-free and missing tooth data.

Participants were asked not to eat or drink, andegirain from tooth brushing and
smoking for one hour before the clinical examinatand saliva collection. A piece of
paraffin-wax (1 g) was used to stimulate salivagrstion. The saliva secreted during the
first 60 sec. was swallowed; that secreted durmgrtext 10 min. was expectorated into
graduated test-tubes and the flow-rate was measili@dtandardize salivary calcium
recovery,both soluble and protein-bound, non-centrifuged whie saliva was usegd
2ml of samples of which were frozen and store@@t € for calcium measurements. The
calcium concentration of the saliva was analyzedngusatomic absorption
spectrophotometry (Perkin-Elmer Atomic Absorptigmestrophotometer Model 303), as

described earlier (Sevon, Soderling, Karjalaine®0)914].

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

Department of Periodontology, in Turku Finland.

The significance of the differences between growps 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

Salivary research is an important field of denyisind oral biology. The significance of
flow-rate and pH of saliva in the development ofiesm have been well-established
already in the late 1970s and early 1980s [49]-&pendent differences in flow rate [50]
and calcium content of saliva [25, 2&ve been observed and it was shown, that the level
of salivary calcium concentration is tightly assded with the mineralization capacity of
the oral cavity. Clinically these findings suggeshnections with caries on one hand and
with chronic gingivitis and periodontitis on thehet [15,16,26,51,]. Apart from calcium
there is little information about the associatiogtvieen salivary electrolytes and oral
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health. The significance of other electrolytes rclaar but it has been shown that
medications can affect the composition of salivatgctrolytes [52]. Moreover, the
available text-book information on the concentnataf inorganic components of whole
saliva is mixed due to varying collection technigié3]. Information on smoking or
medications, factors which are both known to aftbet composition of saliva, are rarely

given in the original publications cited in the i@~ of Ferguson [53].

Earlier studies indicated that salivary calciumteoi increases with increasing flow-rate,
as stimulation increases the calcium level of suldiaular saliva [54, 55]. Yet, our
follow-up study on stimulated whole saliva of meaogal women demonstrated that
salivary flow-rate and calcium content were noedily correlated [56]. It is known that
estrogens affect oral health in a number of wagd, saliva undergoes variations during
e.g. pregnancy and menopause [57, 58]. Dry moughasmmon complaint among older
women. Aging process, however, is not the primayse of reduced salivary flow rate
[50], but secondary to various diseases and/or cagdns [50]. Therefore reference
values for organic and inorganic composition ofveabre needed. There are only few
age-related salivary studies on non-medicated stshjbut to our knowledge no salivary
studies exist excluding both the effects of medirat and smoking.

The aim was to study the effect afje on salivary flow rate, the level ofcalcium,
phosphate magnesium sodium andpotassiumin healthy women. These results can be

used as reference values for 30-59-year-old women.

Participants

Originally our study group consisted of 1030 wonfage range 30-62 years) participating
in a pre-screen referral program for osteoporoBme screening was carried out by the
Public Health Centre of Raisio, a South-Westermisim community with a population of
23 000 inhabitants. The age cohorts invited bypteescreen program in 1999 included
all women living in the community and born in theays 1940, 1941, 1943, 1945, 1949,
1954, 1957, 1959, 1964 and 1969. There was onecutprn in 1937 who participated in
the screening but was excluded from the presedysiwomen with verified (N=12) and
uncertain pregnancies (N=3) were excluded. A bneédical history including
medications and smoking habits were recorded byuestgpnnaire filled out by all
consenting participants before screening. All pgyéints having one or several systemic
diseases or using medications including hormonkacement therapy were excluded. All
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women who reported of smoking habits were alsousdadd. The age distribution of the
remaining healthy, non-medicated, non-smoking sibjgN=255, 30-59 years) is
presented in Table 1. The women were further dovzidesubgroups at five-year intervals.

Table 1.Frequency distribution of healthy, non-medicated aon-smoking women

according to age groups.

Age groups N
30-34 24
35-39 28
40-44 44
45-49 54
50-54 69
55-59 36
Total 255

Ethics
The study was approved by the ethics committeehef municipality of Raisio. The

subjects were volunteers and informed consent Wwasreed from all participants.

Collection of saliva samples

The participants refrained from tooth brushing,irggt drinking, and smoking for a

minimum of one hour prior to saliva collection. Thellection procedure of the saliva
samples was standardized prior the study. The smmpre collected in field conditions.
No laboratory equipments were available at theditaliva collection. Stimulated whole

saliva was collected by chewing a piece of pargffirg) at habitual pace. After 60 s of
pre-stimulation, the secreted saliva was spat adepl disposable plastic cups for 5
minutes. The flow rate was measured at an accuwh6ys ml and expressed as ml/min.
The samples were transferred to test tubes imnedgiatter collection, put on ice, frozen

and stored at —2C until further analysis.
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Electrolyte and protein analysis

Calcium, magnesium, potassium and sodium concerigatvere measured by atomic
absorption spectrophotometer (Perkin-Elmer Atomibséyption Spectrophotometer
Model 303, Norwalk, USA). Due to the strong affyndf calcium to form complexes with
salivary proteins, non-centrifuged whole salivataoming both protein-bound and soluble
calcium was used for the assay. A total of p08aliva was mixed with 1760l of water
and 40ul of 5% lanthanum oxide. The analyses of magnespmiassium and sodium
were made from centrifuged saliva (12 0010 min, +4C) after dilution with ion-
exchanged water. Inorganic phosphate was analyasatding to Kallner [59] and total
protein according to Lowry et al. [6Bpth from centrifuged saliva. Bovine serum albumin

was used as a standard for protein determinations.

Satistical analysis

The normality of distributions of the response &hbkes were controlled by the
Kolmogorov-Smirnov test. Before statistical analyses, logarithmiagfarmations of the

salivary variables were made due to the skewedillisions. The statistical evaluations
were performed by one-way analysis of variance.rélations between flow rate and
salivary constituents were measured by Pearsorrslation coefficients. A commercial
software program (Statistical Package for Sociak®es for Windows, version 9.0,

SPSS Inc., Chicago, lllinois, USA) was used tothestatistical analyses.

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

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

Altogether 38 women were examined, 24 of whom wsermmkers, and 14 were non-
smokers.

Clinical data and clinical examinations were pearfed in the same way as it was in the
first study. Clinical examinations and saliva saimplwere carried out at the private
practice of the principal author (E.K.) in Kecskeantdungary. Measurements of salivary
calcium were done at the University of Turku’'s indge of Dentistry, Department of
Periodontology, in Finland.
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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 thatrtban calcium contentof the saliva
was significantly higher (57.76 ug/ml+£18.8) for themokers than for the non-smokers
(44.6 ug/mix7.8 p<0.05- Fig. 6).
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Fig. 6. Mean of the salivary calcium level in smoker- &7+18.85 pg/ml) and non-
smoker (ns 44.6£7.89 pg/ml) patients (p<0.05).
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The periodontal examinations demonstrated a stailst significantly greater degree of
bone lossin thesmokersthan in the non-smokers, and timean P scorefor the non-
smokersP=0.75 wadower than that for the smokers P=1.67. Thean probing depths
and the extent ofalculus werehigher in smokers (p<0.05), but thelaque index and

thebleeding-upon probing valuedid not differ in the two groups (Figs. 7-10).
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Fig. 7. Mean of the probing depth at six sides of eaethten smoker- (s 3.05x1 mm)

and non-smoker (ns 2.05+0.58 mm) patients (p<0.05).
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Fig. 8. Mean of the amount of supragingival calculus opaspmolars and lower
fronts by Volpe & Manhold calculus index (1962),amoker- (s 22.96+11.8 mm)and

non-smoker (ns 14.6+10.7 mm)patients (p<0.05).
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Fig. 9. Mean of the gingival bleeding around upper mokard lower fronts, grading
0-3, by Lée & Silness gingival index (1963), in dtao (s 1.03+0.5) and non-smoker
(ns 1.02+0.6) patients.
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Fig. 10. Mean of the amount of supragingival plaque on uppelars and lower
fronts, grading 0-3, by Silness & Loe plague ind&964), in smoker- (s 1.1+0.45)

and non-smoker (ns1.06+0.67) patients.

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

anyage-relatedchanges during the time span of nearly three decad

The effect of age on salivary composition
Salivary calcium andphosphateconcentrations showed a cléacreasewith increasing
age (Table 2). Calcium and phosphate increased 42dl at menopause as compared to

the age period between 45 and 49 years.

The effect of flow rate on salivary composition
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Salivary flow rate correlatednegatively with magnesium, potassium, phosphatand
protein level andpositively with sodium (Table 3).Calcium was the only electrolyte
which did not show correlation witlflow rate. Means and standard deviations (SD) of
salivary flow rate, sodium, potassium, magnesiumceatrations and protein content and
97.5% and 2.5% percentiles of all age groups arengiTable 4).

Table 2. Salivary calcium and phosphate in 30-59-year-obth-medicated and non-

smoking women. P-values were calculated using cangamalysis of variance.

Age-group Calcium (mmol/l) 2.5 percentile 97.5 percentil
Mean (SD)
30-34 1.24 (0.26) 0.82 1.82
35-39 1.16 (0.23) 0.87 1.71
40-44 1.40 (0.37) 0.73 2.15
45-49 1.43 (0.28) 0.94 1.90
50-54 1.73 (0.41) 1.20 2.52
55-59 1.61 (0.29) 1.15 2.42 p=0.001

Phosphate (mmol/l)

Mean (SD)
30-34 3.77 (1.00) 2.38 6.32
35-39 3.37 (1.00) 1.43 5.10
40-44 3.82 (0.89) 2.27 5.82
45-49 3.71 (1.14) 1.90 6.32
50-54 4.38 (1.57) 2.32 8.95
55-59 4.04 (1.27) 1.57 8.47 p=0.004

Table 3. Correlations between salivary sodium, potassimagnesium, phosphate, protein

and salivary flow rate.
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Pearson’s correlation Regression coefficient
(P-value)

Calcium 0.020 0.071
(0.75)

Phosphate -0.33 -3.764
(0.000)

Magnesium -0.34 -0.144
(0.000)

Sodium 0.40 17.85
(0.000)

Potassium -0.31 -10.07
(0.000)

Proteins -0.25 -0.025

(0.000)
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Table 4. Means, standard deviations and 2.5 and 97.5 pdesef salivary flow rate

sodium, potassium, magnesium and protein of 255snooking and non-medicated

subjects

Mean (SD) 2.5 percentile 97.5 percentile
Flow rate 1.5 (0.7) 0.4 3.2
(ml/min)
Sodium 10.8 (6.7) 2.8 27.1
(mmol/l)
Potassium 18.5 (3.4) 10.9 25.5
(mmol/l)
Magnesium 0.104 (0.060) 0.039 0.221
(mmol/l)
Protein 1.21 (0.34) 0.70 2.06

(9/L)
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5.1.3. 3LIVARY CALCIUM IN RELATION TO ORAL HEALTH OF TOBACCO SMOKERS

10 matched groupswere created, in th@ of which thesalivary calcium level of the
smokerswas significantlyhigher (p<0,05, two-sample T-test). Periodontal examarati
revealed aigher bone loss agreater probing depth andfewer remaining teeth less
bleeding on probing ilsmoker patients. (Figs. 11-16, Tables 5-6)

Salivary level of Ca ( pg/ml)
70
60
50
40 -

20 -
10

59,24 + 10,31 53,19 + 8,5

Fig. 11. Mean of the salivary calcium level in smoker- (8 aon-smoker (N) patients
(p<0,05).

PD (mm)

4

3

21 s

N

1 .

0

3,77 +£0,35 2,65+0,18

Fig. 12. Mean of the probing depth at six sides of eachhta@etsmoker- (S) and non-
smoker (N) patient§<0,05).
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Alveolar bone loss
1,6
1,2
0,8 S
0,4
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0
1,45 + 0,45 0,61 +£0,26

Fig. 13. Mean of the alveolar bone loss on orthopantomogramlingl-3 (Sevén and
Parvinen,1988), in smoker- (S) and non-smoker @tiepts(p<0,05).

Plaque index

1,2

0,8

0,6 S
0,4
0,2 1

1,06 + 0,23 0,62 +0,22

Fig. 14.Mean of the amount of supragingival plaque on uppelars and lower fronts,
grading 0-3, by Silness & Loe plaque index (1964)smoker- (S) and non-smoker (N)
patients(p<0,05) .
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Gingival index

1,2

0,8
0,6
0,4
0,2 1

1,01 +0,25 0,68 + 0,19

Fig. 15.Mean of the gingival bleeding around upper molard wer fronts, grading O-
3, by Loe & Silness gingival index (1963), in smpk) and non-smoker (N) patients.

Calculus index (mm)

25

20

15

10 A

22,93+7,1 7,29 £4,18

Fig. 16.Mean of the amount of supragingival calculus onenppolars and lower fronts

by Volpe & Manhold calculus index (1962), in smokE) and non-smoker (N) patients

(p<0,05).
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Table 5. Concentration of calcium in saliva of two groups thie same level of

periodontitis and age, female patients who arerdaogly smokers and non-smokers.

nur.nber o smokers non-smokers nur.nber o
patients patients
1 45,46 pg/ml 42,27 pg/mi 3

2 57,96 pg/ml 40,52 pg/mi 1

2 54,48 pg/ml 43,65 pg/mi 2

1 57,16 pg/ml 52,14 pg/ml 3

1 123,69 pg/ml 45,46 pg/mi 1

3 55,24 pg/ml 44,76 pg/mi 1

1 53,83 pug/ml 46,37 pg/mi 1

1 55,14 pg/ml 41,23 pg/mi 1

1 84,78 pug/ml 59,48 pug/ml 1

1 41,63 pg/ml 46,27 pg/mi 1

The Ca concentration is given in pg/ml.

The calcium concentration is given by mean in eggoup of patients.



-31-

e Table 6. Means of the measured values in smoker and nonamf@male

patients. The difference between the two groups measured with two-sample

T-test.
smokers non-smokers

Concentration of Ca in saliva 59,02 pg/ml 53,1¢'mi p =0,02
Pocket depth 3,77 mm 2.55 mm p = 0,0002
Alveolar bone loss 1,45 0,61 p = 0,0007
Plaque index 1,06 0,62 p=0,01
Gingival index 1,01 0,68 p = 0,0001
Calculus index 22,93 mm 7,29 mm p = 0,0001

6. Discussion

Smoking is considered a major risk factor for thevelopment and progression of
periodontitis, the mechanisms not fully understget[61,62,63,64]. Poorer oral hygiene
in smokers, compared with non-smokers has beemsistent finding in earlier studies
[65,66]. It was explained by the fact that increhseverity of chronic inflammatory
periodontal disease in smokers is most probablytduecreased amounts of plaque and
calculus. However, when smokers and non-smoker$ \ait similar level of oral
cleanliness were compared for severity of pericalodisease, the differences were not
statistically significant [68]. It has also beerufa that smoking does not significantly
increase the rate of plaque formation but it doesease the calcium concentratiorof
plaque [68]. As mentioned earlier, plaque with hegiicium content rapidly hardens and
is therefore an indirect cause of poor oral hygidhdias been shown previously that
smokers have difficulty in performing effective thobrushing [69].Bergstrom et al.
found that supragingival calculus was strongly esged with smoking [70]. The
influence of smoking on the amount of supragingiealculus was dose-dependent.
Supra-and subgingival calculus is known to be a@apigdavorable for microbial growth

and retention.

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

an important reason for periodontitis susceptipfiit
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Thus it seems that one of the main osale effectsof smoking is more rapidly

mineralizing plaque anddisease progressioas compared with non-smokers [71].

The present results are in agreement with the riggliof Sevon et al (2000) and
Macgregor et al (1986), that tlealcium concentration of the stimulated saliva of
tobacco smokersis higher than that of non-smokers [35,36]. Zuabi et al @9%und,
however, reduced calcium concentration of non-dated saliva of tobacco smokers
[72]. According to Sevon (2004), decrease of skéllebne density, a known side effect

of smoking, may be reflected in increased levelsatizary calcium [35, 56,73,74].

To our knowledge this is the first time when saiweomposition has been studied
for reference purposes in non-medicated and norkisiavomen to this extent. In this
study, apart from smoking, we wanted to exclude pksible salivary effects of
medications as well. Flow-rate correlated posiyiveith sodium and negatively with
phosphate, potassium, magnesium and protein, vidjgdrtly in line with the most recent
text-book data [53]. However, some of our findirg® controversial as compared to
earlier reports: we found that salivgoptassium was negatively correlated with flow
rate contrary to Dawes [75] who showed that potassiuam independent of salivary flow
rate. This may be due to two reasons: firstly, tselied whole saliva in contrast to Dawes
[75] whose results apply to sublingual or parotadive, and secondly we made inter-
individual comparisons as opposed to Dawes [75] vgmesented intra-individual
comparisonsCalcium was the only electrolyte in our study, which dmt correlate with
salivary flow-rate. This is in contrast to earlier studies showingirarease in salivary

calcium with short-term citric acid stimulation jgdrotid saliva [54].

According to our study, salivagalcium andphosphateconcentrationincrease
with ageshowing peak values arountenopause.Therefore we suggest that menopause
is reflected in saliva as elevated levels of cafciand phosphate. This result is well in
accordance with our earlier findings [56]. The masvhy salivary calcium seems to
increase with age may be explained by the hypathesi have presented earlier with
smokers: alecreasen skeletal bonedensity, seen often in elderly people, niagrease
the amount otalcium in saliva [73]. However, this phenomenon is nanptetely clear
and needs further studies. We have data on saloadcjum of different study populations
with decreasing bone mineral densitysuch as patients wittheumatoid arthritis [76],
heavy smokerg73] and women itmenopausal age$56]. They all have higher means of
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salivary calcium level when compared to age-matatmaterparts. We have also found
that hormone replacement therapy, which has aligiabi effect on calcium content of
bone, has a similar effect on salivary calcium [56]

Earlier it was generally believed that salivargvil rate decreases with age, but
increasing number of studies are showing thging does not affect the rate of
stimulated whole saliva Our current finding of no correlation between agel salivary
flow-rate is well in line with the works of Parvinend Larmas [50], Tylenda et al. [77],
and with the more recent studies of Narhi et &],[Percival et al. [79], and Yeh et al.
[80].

7. Conclusion
1. Salivarypotassiumwasnegatively correlated wittlow rate.

N

Age hadno effect on thdlow-rate of stimulated saliva.

3. Salivarycalcium andphosphateconcentrationgncreasedwith ageshowing peak

values around menopause.

4. In addition, normalreference valuesof salivary electrolytes forwomen of
different age groupsare provided to enable future diagnostic use tifay

electrolytes.

5. 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 sadi
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OSSZEFOGLALO

Jelen tudomanyos munka L.A. Sevon, K.K. MakinenejBry Shifts May Explain the
Incidence of Periodontitis in Industrialised Couggl cikkében felvazolt hipotézisen

alapul, melynek rovid 6sszefoglalasa a kovetkez

Mintegy 30 éve tudott, hogy gingivitis Iétrehozhaly modon, hogy hagyjuk a plakkot
akkumulalédni  a fogfelszineken. Experimentalis @d#ontitis is |étrehozhato
laboratériumi korilmeények kozoétt kiserleti allatokoszoft-diétaval és subgingivélisan
elhelyezett selyem ligataraval. A hipotézis szeantigynevezett ,anatomiai szulkusz” a
modern kori tulbzott ételek fogyasztasanak kovetkezménye. Ez afénszubgingivalis
rés kedve& kortlményt biztosit a jelen |6y potencidlisan patogén baktérium fléra
elszaporodasdhoz, a szubgingivélis kalcifikalédéklp] majd fogk kifejlédéséhez,
parodontitis kialakulasaho@skori koponyéak vizsgalataval kideriilt, hogy a fégkindig
szupragingivalisan helyezkedett el, mivel akkor méq létezett szulkusz a fogak korul.
Erre bizonyitékként és magyarazatként is szolgé&Haltételezés szerinti folyamatos fog-
erupcié elmélet. Ez figyelh&imeg a ragcsalo-féléknél, valamint@emberi koponyakon
is, ahol a kemény konzisztenciaju ételek okoztakdpdst egy kompenzatorikus
folyamatos fogerupcié kovethette. lly modon a évé tapadas veszteséget egy
folyamatos fogkopas okozta fogkindvés eredményeatm| szubgingivalis rés, azaz
szulkusz nem szondazhatd. L.A. Sevon vizsgalatarirdz az elmeszesédplakk
kalciumban és foszforban gazdag, a magas kalcitalde hajlamosit a fogagybetegség
kialakulasara, viszont az atlagosnal toébb ép fagddltak ezeknél a pacienseknél.
Fogagybetegeknél magasabb kalcium tartalmat tkl&léwon és munkatarsai. nemcsak a
dentdlis plakkban, hanem a nydalban is. Magasabl kalgium tartalmat mértek a
csontszbvetek asvanyi anyag tartalmanak csokkeeégérd betegségben, Ggymint
reumatoid artritiszben, ezenkivil menopausa kondli pacienseknél, valamint d&s

dohanyosoknal is.

Jelen vizsgéalat célja dohanyosoknal és nem doh&ngi6a nyal -elektrolitok
meghatarozasa, kilonos tekintettel a kalcium mesggyire. Ezutan annak megallapitasa,
hogy dohanyosoknal a mért nyal kalcium mennyiségyan befolyasolja a paciensek

parodontalis statuszat.
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Az elvégzett harom tudomanyos munkabdl a# aels,Salivary calcium concentration in
relation of periodontal health of female tobaccakers” , ahol 44 épaciens, melyd

24 volt a dohanyos ( atlag életkor 50.2+6.9, 4 egges parodonciumu, 16 kronikus és 4
agresssziv fogagybeteg), valamint 20 nem dohanytlag( életkor 54.7+15.6, 10
egeszséges parodonciumu, 9 krénikus és 1 agrdsgéigybeteq) vizsgalata tortént meg.
Olyan paciensek vettek részt itt, akik nem szereledzisztémas megbetegedésben, nem

szedtek rendszeresen gyogyszert és tobb mint 1&délafoggal rendelkeztek.

A vizsgalatok a Szegedi Orvostudomanyi Egyetem dttBizottsdganak engedélyével
torténtek.

A parodontolégiai vizsgalat tasakmérést, plakkgkta, valamint vérzési-index felvételét
jelentette. Ezen kivil OPT felvétélrtortént meg a parodontalis csontveszteség fokanak

megallapitasa.

A nyalminta gyijtése stimulalt nyalbol tortént a kdvetkézszerint: | percig paraffin
ragotablettat ragott a paciens, majd egy szaj@blitdn 10 percen keresztil kédtos
gyijtotte a nyalat. Az dsszes nyal mennyiségétnek aidgbzasa utdn 2ml-t méktiébe
kerllt a majdani kalciumméréshez. A kalcium meglat@ds atom abszorpciés
spektrofotometriaval tortént (Perkin-Elmer Atomibgorption Spectrophotometer Model

303), a Turkui Fogaszati Egyetem Parodontolégiaiszékéen Finnorszagban.
A statisztikai analizis a MANOVA maodszerrel tortént

A masodik vizsgalat, a ,The effect of age on floate;, protein and electrolite
composition of stimulated whole saliva in healthpn-smoking women”, itt cél volt a
kor és a nyalmennyiség kozotti 6sszefliggés medtitg valamint a kalcium, foszfat,
magnézium natrium és kalium elektrolitok meghatasaz 30-59 éves egészséges
nemdohanyz6 dpacienseknél. A vizsgalat Finnorszagban Raisio skan tortént,
amelyen 255 egészséges nem-dohanyrgett részt. A vizsgalatban dnkéntesek vettek
részt, melyhez Raisioi Etikai Bizottsdganak enggslés rendelkezésre allt. A kalcium
meghatarozas az éebbkben leirtakkal azonos mddon és mobdszerrel tort@ein
centrifugdlt teljes nyalbdl. A magnézium, natrium Kélium meghatarozas centrifugalt
nyalbol, az anorganikus foszfat meghatarozas Kallseerint, valamint Lowry és

munkatarsai szerint a fehérje mennyiség méreésingészcentrifugalt nyalbdl tortént. A
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statisztikai analizis a ,Statistical Package foci8bSciences for Windows, version 9.0,
SPSS., Chicago, lllinois, USA” hasznalataval tértén

A harmadik vizsgalatban 0sszesen 38 egészségegyspgit tartbsan nem szed
népaciens vett részt, amellb24 volt a dohanyos és 14 a nemdohanyzé. Nydlikalc
mérés, valamint az &d6eknek megfelé parodontoldgiai vizsgélatra kerdlt sor,
ugyanazokat az indexeket hasznalva, mint a# elzsgalatban, ezen kivul pedig a
maradék fogak szama is meghatarozasra kerilt. $apoct kertlt kialakitasra a
résztvewvkbol, ahol hasonlé kord, parodontolégiai statuszi dgbé és nemdohanyzé
paciensek keriltek egy-egy csoportba. A nyalmérgmtén a Turkui Egyetem
Parodontolégiai Tanszéken tortént, a statisztikaliais elvégzésére a kétmintas T-proba

hasznalataval kerlt sor.

Az elsy vizsgalatban szignifikansan magasabb nyal kalciarrék mutatkozott a
dohanyosoknal (57.76ug/mi+18.8), mint a nem dohékyal (44.6ug/mi+7.8). A
parodontolégiai vizsgélatban szignifikansan nagydbbakmélység, nagyobb mérv
csontpusztulds és fogikdex volt detektalhatd, mig a plakk index és az@sér index

tekintetében nem volt kildonbség a ket csoport kHzot

A masodik vizsgalat szerint a nyalmennyiség nem amuvaltozast a korral
0sszefuggésben. Az elektrolitok kézll a kalciunadeszfat koncentracié szignifikansan
magasabb volt itsebb korban, kulondésen a menopausa koril. A nyaingiséggel
negativ korrelaci6 mutatkozott a magnézium natriésnfoszfat tekintetében, pozitiv
Osszefuggés volt megfigyellteta kalium esetén. Nem mutatott 6sszefliggést a

nyalmennyiségével a kalcium mennyisége.

A harmadik vizsgalatban a Iétrehozott tiz csopdriiléncben szignifikhnsan magasabb
nyal kalcium érték volt megfigyelhita dohanyosoknal. A parodontolégiai vizsgalat
szignifikansan nagyobb foku csontpusztuldst éskimébységet, valamint kisebb szamu
maradék fogat mutatott, mig a vérzési index alagaioim volt dohanyosoknal.

A dohanyzas koztudottan rizik6 faktor a fogagybséepprogresszidjaban. A rosszabb
szajhigiénia rendszeres megfigyelése volt régelainulnanyoknak dohanyosoknal.
Magyarazatként adtdk a nagyobb mennyiségben mbgtiaplakkot és fogkovet
dohanyosokndl. Azonban azonos foku szajapolas reseéin talaltak szignifikdns
kuldnbséget a fogagybetegség sulyossagat ellet dohanyosoknal, illetve nem
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dohanyzoknal. Szintén a szakirodalomban olvasht@y a dohanyzas nem emeli
szignifikansan a plakk mennyiségét, viszont emgliakk kalcium tartalmat. Ily modon,
ez a plakk gyorsabban képes mineralizaldédni, megkswedni, fogkefével pedig ez mar
nehezebben, vagy nem is eltavolithatd. Bergstrormeéskatarsai szoros 6sszefliggést
mutattak ki a dohanyzas és a supraginivalis doglennyisége kozott, mely dozis-fligg

A szupra-, és szubgingivalis fogkoztudottan kedvezfelilet a plakkretenciohoz, a

mikrobak névekedéséhez.

Jelen vizsgalati eredmények alapjan ugdginik a dohdnyzas egyik mellékhatdasa a
gyorsabban mineralizal6dé plakk, melgs#giti a gyorsabb progressziét fogagybetegség
esetén.

Ezek az eredmények megegyeznek Sevon és munka(@féid), és MacGregor €s
munkatarsai eredmeényeivel, ahol stimulalt nyallzdgsifikansan magasabb nyal kalcium

koncentraciét mértek dohanyosoknal.

Kijelenthetjiuk, hogy dohanyosoknal szignifikansanagasabb nyal kalcium értéek
mérhed, valamint ugyanezeknél a pacienseknél szintésztiiailag is szignifikansan
elérehaladottabb fogagybetegséget talalhatunk. A fgogtggség multikauzalis
megbetegedés, melynek egyik 6ssz&eevehet ily modon a jelen vizsgalatban talaltak,

azaz a magasabb nyal kalcium érték dohanyosoknal.
Kovetkeztetések:

1. A nyal kalium tartalom negativan korrelal a nyalmgiséggel.

2. A kor nincs hatassal az egységnyié idalatt termeddott stimulalt nyal
mennyiségére.

3. A nyél kalcium és foszfat tartalom emelkedik a kfrcsucsértéket a menopausa
koral mutat.

4. Az adatok referencia értékil szolgalhatnakokd®s diagnosztikus nyal-elektrolit
vizsgalatokhoz, kilonbézkori egészsége$paciensek esetén.

5. Jelen vizsgélat eredményei alapjan megallapithatjogy dohanyzo6 fogagybeteg
nopaciensek esetén szignifikAnsan magasabb nyalukalértekek figyelhék

meg
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