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Abstract. The development of chronic generalized periodontitis occurs due to a combination of a several causes, among
which the leading role is assigned to periodontal pathogens, which include P. gingivalis. Among P. gingivalis virulence
factors, the polysaccharide capsule, fimbria proteins, cysteine proteases, and hemagglutinins are of special importance.
The study was aimed to investigate the prevalence of specific virulence genes and identify a virulent genotype among
P. gingivalis isolates found in patients with severe chronic generalized periodontitis (CGP). 41 patients (27 women and
14 men, average age 43.9%1.5 years) were examined, of which main and control group consisted of 22 patients with severe
CGP and 19 patients without inflammatory periodontal diseases, respectively. The PCR data allow to consider type 11
fimbria (FimA II), arginine-dependent type A protease (RghA) and lysine-dependent protease (Kgh) as specific markers
for the detection of more virulent P. gingivalis strains. It was found that in St. Petersburg, the following P. gingivalis
genotypes predominate among patients with severe CGP: fimA 11:kg:rghA, fimA 11:kgh and fimA I11.rghA. In addition, it has
been demonstrated that virulent genotypes are detected to a small extent in P. gingivalis isolates from healthy control
group patients. The identification of P. gingivalis strains with a more prominent pathogenic potential and the detection
of their virulent genotypes is of great practical importance, in the future allowing to develop advanced effective methods
for disease prevention to be used in a personalized medicine strategy. The results obtained are also of high importance due
to the recorded variability in the circulation of P. gingivalis strain genotypes in various worldwide regions.
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(bakTOpOB BUpPYNEHTHOCTU P. gingivalis 0cOOEHHO BBIACASIOT MOJTUCAXaPUAHYIO Kamcyny, 6eaku hduMOpuii, 1IUcTen-
HOBBIE ITPOTea3bl, FeMarrmoTUHUHBL. Llenb nccaenoBaHuss — M3yyeHKe paclipoCTPaHEHHOCTH CielIu(UUecK X TeHOB
BUPYJIEHTHOCTH U OMpEeIeHUE BUPYJIEHTHOTO TEHOTUTA CPelU U30NsTOB P. gingivalis, BBISIBISIEMBIX Y MAIIUEHTOB
¢ XpOHUYECKUM TeHepalu30BaHHbIM MapogoHTUTOM Tsxkenoit cterneHu (XI'TI TC). Beino npoBeaeHo obcienoBaHue
41 maumeHTa (27 XXEHIIMH U 14 MyXUMH, cpeqHuit Bo3pacT 43,911,5 1eT), U3 KOTOPBIX OCHOBHYIO IPYIIITY COCTABUIIN
22 marrenTa ¢ XI'TI TC 1 KOHTpOIBHYIO TPYTIIY COCTaBUIM 19 marineHToB 63 BOCMaINTEeIbHBIX 3a00IeBaHN 1 TTapo-
noHTa. Pe3ynbrathl, monydeHHbIe ¢ ncnonb3oBanueM [1LIP, mo3BonsioT paccmarpuBars hpumopuu 11 tuma (FimA 1I),
apTUHUH-3aBUCUMYIO poTea3y A tuma (RghA) u nusmH-3aBucuMyto mpoteasy (Kgh) B kauecTBe crierimdpmaeckmx
MapKepoB IIJIsT 00OHApYKeHMSI O0JIee MaTOreHHEBIX MTaMMOB P. gingivalis. YctaHoBIeHO, 4To B CaHKT-IleTepOypre cpe-
nu naneHToB ¢ XI'TI TC npeobnanatot cinenyioniue reHotunisl P. gingivalis: fimA 11:kgh:rghA, fimA11:kgh u fimA11:
rghA. Kpome Toro, Ob1J10 MPOIEMOHCTPUPOBAHO, UTO BUPYJIIEHTHbIE T€HOTUIIBI BBISIBJISIOTCS B HE3HAYUTEIbHOU CTe-
MeHU B U30JsTax P. gingivalis OT 310pOBBIX MALIMEHTOB KOHTPOJAbHOU rpynmbl. MUneHTudukanus mraMmoB P. gingivalis
¢ OoJsiee BhIpAKEHHBIM MATOTEHHBIM MOTEHUMAIOM M OOHApYXEHME UX BUPYJEHTHBIX F€HOTUIIOB MMEET BaxkKHOE
MpakTUYECKOoe 3HaUeHUe, MO3BOJsIS B OyaylleM pa3paboTaTb COBpeMeHHbIe 3(PhEeKTUBHbIE METONbI TPOGhUIAKTUKYI
3a00J1eBaHUS M UCIONIb30BaTh UX B CTpATETUU MEPCOHATM3UPOBAHHON MeaUIIMHBL. [lonyyeHHbIe pe3yabTaThl Tak-
K€ TIPEICTAaBISIOT BHICOKYIO 3HAYMMOCTD B CBSI3U 3apEeTrUCTPUPOBAHHON BaprabeIbHOCThIO LIUPKYISIIMKY FEHOTUIIOB
mTaMMOB P. gingivalis B pa3TUIHBIX pETMOHAX MU DA.

Karouesole ca06a: xponuueckuii eeHepau308anHblLil NAPOOOHMUM, 2eMepO2eHHOCMY, supyaeHmHbLi eenomun, P. gingivalis, gpumbpuu,

uucmeuHoeble npomedasol.

Introduction

Damaging effect of dental plaque plays a leading
role in the development of inflammatory periodontal
diseases. The today’s science views dental plaque as
a biofilm consisting of a structured bacterial com-
munity and their metabolic products [1, 17]. During
the formation of dental plaque, the composition
of microbiota takes a trend to change from the domi-
nance of aerobic and facultative anaerobic forms
to obligate anaerobic gram-negative rods and spiral-
shaped bacteria [2, 15].

According to the “keystone pathogen hypothesis”
theory P. gingivalis is considered to be a key peri-
odontal pathogen [9, 10]. Well described the ability
of P. gingivalis to have an impact on the innate im-
mune system of the host organism resulting in dys-
biotic changes in the composition of microbiota and,
therefore, in an inflammatory response of periodon-
tal tissues [11, 20]. Thus, P. gingivalis is rightfully
considered a “keystone pathogen” agent and, even at
low concentrations, it is capable of causing chronic
periodontitis [9, 10, 12, 21]. Since P. gingivalis be-
longs to obligate anaerobes, the main habitat of this
periodontal pathogen is the periodontal pocket.
P. gingivalis is a secondary plaque colonizer and often
forms colonies with S. gordonii and P. intermedia [12].
In addition, as Socransky “ecological theory” states,
P. gingivalis forms a complex with 7. denticola and
T. forsythia |8]. This combination of microorganisms
is detected in the most severe stages of chronic peri-
odontitis. This “red complex” aggressively affects
bone tissue and gum mucosa, forming deep perio-
dontal pockets and causing severe destruction of jaw
bone tissue [24, 28].

In recent years, it has become obvious that in the
case of inflammatory periodontal diseases, there
are factors that enhance some mechanisms of dis-

ease development making its course more severe.
Differences in the course and disease development
rate are due to the diversity of the composition and
degree of periodontopathogen strains virulence [5,
23]. Scientists’ views about the influence of genetic
diversity of P. gingivalis strains on the development
and course of inflammatory periodontal diseases are
contradictory. It is believed that P. gingivalis strains
differ in the degree of virulence in patients with dif-
ferent periodontitis currents, affecting the clinical
course of the disease. Experimental and clinical
studies have revealed differences in the pathogenic
potential of P. gingivalis strains, dividing them into
“invasive” and ‘“non-invasive” strains [7, 21, 22].
On the other hand, there is an idea that the course
of periodontitis is determined not by the diversity
of strains of periodontal pathogens, but by the indi-
vidual characteristics of the host organism reactiv-
ity [7]. Moreover, a number of studies have shown
the availability of identical strains of P. gingivalis
in patients with intact periodontium and with in-
flammatory periodontal diseases [26].

P. gingivalis is known to express many virulence
factors: fimbriae, lipopolysaccharides, arginine-
and lysine-dependent proteases, hemagglutinins
and capsular polysaccharide, which genes are very
diverse [3, 16, 27]. Fimbriae of P. gingivalis are clas-
sified into six genotypes — I, Ib, 11, III, IV, V, that
was demonstrated by a variation in the nucleotide
sequence of the fimA gene encoding FimA (fimbry-
onic subunits) [6]. P. gingivalis with type 1 fimbriae
has been shown to be associated with patients without
inflammatory periodontal diseases [4]. On the other
hand, there is an evidence that fimbriae of P. gingi-
valis with genotype II have greater adhesive ability
and, therefore, greater virulence compared to other
genotypes [6]. Pathogenic heterogeneity of P. gingi-
valis strains with type II fimbriae has been demon-
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strated, that determines the proteolytic and invasive
activity of this periodontopathogen [14]. At the same
time, it is believed that there are no significant dif-
ferences between P. gingivalis strains with different
genotypes of fimbriae regarding virulence [26].

The issue of genetic heterogeneity of P. gingivalis
and its virulence factors is being actively studied, and
the scientific views about the role of those factors
in the formation of a virulent genotype are contradic-
tory. Therefore, the further need to examine the ge-
netic heterogeneity of P. gingivalis in patients with in-
flammatory periodontal diseases makes this research
relevant. To study genetic heterogeneity of fimbriae
and cysteine proteases of P. gingivalis strains in pa-
tients with chronic generalized periodontitis, as well
as deriving characteristics of the virulent genotype
of P. gingivalis is very perspective. In addition, it is
of interest to examine the prevalence of the virulent
genotype among P. gingivalis strains isolated from
patients without inflammatory periodontal diseases.

The purpose of the research: to study the prev-
alence of specific virulence genes and identify
the virulent genotype among P. gingivalis strains
detected in patients with severe chronic generalized
periodontitis.

Materials and methods

A research was conducted on 41 patients (27
women and 14 men) aged 36 to 50 years (average age
was 43.9%1.5 years). The patients were divided into
two groups. The first group included 22 patients with
severe chronic generalized periodontitis (CGPS).
The control group consisted of 19 patients without
inflammatory periodontal diseases (IPD). To form
a control group, 69 patients without IPD were pre-
liminarily examined and those patients in whom
P. gingivalis was identified were selected.

In the course of research, a clinical examina-
tion of patients was performed, including collec-
tion of anamnesis, complaints, assessment of dental
status, index assessment of the periodontal tissue
condition (OHI-S index, Green, Vermillion, 1964;
Silness-Loe index, Silness, Loe, 1964; CPITN in-
dex, WHO, 1978, Ainamo et al., 1982; PMA index,
Parma S., 1960; BOP index, Ainamo, Bau, 1975), as

Table 1. Oligonucleotide primers

well as microbiological examination of material from
the periodontal sulcus or periodontal pockets of the
examined patients using PCR diagnostics. X-ray
examination included assessment of data obtained
from GALILEOS cone-beam computed tomography
(Sirona, Germany).

Material was collected from periodontal pock-
ets in patients with CGPS (main group) and from
the periodontal sulcus in healthy patients (control
group) using sterile paper absorbents Absorbent Paper
Points from Euronda, size No. 25. Paper absorbents
were placed in the gingival sulcus or periodontal
pockets for 7—10 seconds, after which they were im-
mediately transferred into sterile sealed Eppendorf
tubes and stored at —50°C. A special cooling device
was used to transport the material to maintain stor-
age conditions.

To isolate DNA, we used the Express-DNA-Bio
kit in accordance with the instructions. The resulting
DNA samples were stored at —20°C until polymerase
chain reaction (PCR) was performed.

Primer 3 and OLIGO 4.0 computer programs was
used to perform the design, analysis of oligonucleo-
tide primers and identification of the primer melting
temperature (Table 1). Primers to identify fimA I and
1V genes were used from the publication of Takashi
Yoshino et al. [25].

The data obtained in the course of the research
were processed on a personal computer using
the software system “Statistica for Windows” (v. 7.0).
To visualize the results of the study, diagrams were
constructed in Microsoft Excel.

Results

All patients of the main group complained
of bleeding gums during brushing, tooth mobil-
ity, swelling and inflammation of the gums (Fig. 1).
In 59.1% cases, patients in the main group com-
plained of food getting between the teeth, as well as
halitosis. Patients with CGPS in 72.73% cases marked
the displacement of teeth resulting from a functional
secondary traumatic occlusion and in 68.18% cas-
es — itching and gum area burning caused by the in-
flammatory edema of periodontal tissue. 2 patients
in the control group had complaints only about food

Name 553 TOann. DNA fragments size (bp)
1 Gint GTATATGCTCGACGAGGTGGAA 57.0 334
2 Gin2 ATTGTCCAGGGTAACTTCTTCG
3 Fim Il TGTTGCAGACAATAATCCTAC 51.0 250
4 Fim 112 CGATTACCAAGTAGCATTCTGA
5 Kgp1 TCCACTTCTGACCACATCTCAA 56.0 397
6 Kgp2 AGCTTCCCGATAGTAATGAGCA
7 RgpA1 AATCCCGGAACAACAACACTTT 56.0 331
8 RgpA2 TGAAGTTGGATGCATCGTTACC
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Figure 1. Complaints from patients in the main and control groups

getting between the teeth owing to lack of a contact
point in the area of several tooth pairs in the maxilla
and mandible.

Hyperemia of the marginal and attached gums,
and exudation from periodontal pockets has been
revealed in all patients of the main group. Gingival
recession has been found in all patients with CGPS,
the average value amounted to 1.96£0.07 mm.
Lesions of the furcation in the area of the molars
of the maxilla and mandible were detected in 15 pa-
tients (68.2% of cases). Tooth mobility has been re-
vealed in all patients of the main group, most often
grade 1-2.

The values of the OHI-S hygiene index in patients
with CGPS in the main group were 4.77+0.12, in the
control group — 0.44+0.04 (Fig. 2).

The obtained values of the OHI-S index indicate
poor oral hygiene in patients of the main group that
is typical for patients with CGPS who lack the correct
skills to practice individual oral hygiene. Statistically
significant differences have been found in the Silness-

%
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251
80 -+
72.07

70 - ]
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40 -
30 o
20 ~
10 1 4.77 3.97 2.81

fojos  pmo Zhos 0 0

OHI-S CPITN Silness-Loe PMA BOP

[ Main group [l Control group

Figure 2. OHI-S, CPITN, Silness-Loe, PMA (%)
n BOP (%) index rates in patients of the main and
control groups

Loe index between patients of the main and control
groups indicating a cause-and-effect correlation be-
tween the mineralized supra- and subgingival dental
plaque and inflammation in the periodontal tissues
(p <0.001).

The PMA index and BOP bleeding index rates
in patients of the main group indicate inflamma-
tory phenomena in periodontal tissues. A distinct
inflammatory-destructive process in periodontal
tissues in patients of the main group was confirmed
by the rates of the periodontal index. The rates of the
CPITN index in patients with CGPS of the main
group reached 3.97%0.23. High rates of the CPITN
index for patients in the main group indicate the need
for complex treatment, including surgical treatment
of periodontal diseases.

The results obtained during cone-beam computed
tomography in patients of the main group correspond
to the clinical picture and the diagnosis of CGPS.
In all patients of the main group, destruction of the
compact lamina of the alveolar bone was revealed

80

69
70

60

50

40

30

Number of patients

2 2 21

0 T
Main group Control group

[[] General number of patients [l Revealing P. gingivalis

Figure 3. Frequency of P. gingivalis occurrence
in periodontal pockets/gingival sulcus in patients
of the main and control groups
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along its entire length, and bone pockets were iden-
tified in the area of 15.2%3.7 teeth. The amount
of bone tissue destruction “more than '/, the length
of the root” was identified in all patients with CGPS.

The contents of the periodontal pockets in pa-
tients of the main group and the subgingival sulcus
in patients in the control group have been examined
to reveal P. gingivalis using PCR screening (Fig. 3).

In the main group, the periodontopathogen
P. gingivalis has been detected in all patients (100%
cases). To form a control group, 69 patients without
inflammatory periodontal diseases (inflammatory
periodontal diseases) were previously examined,
among whom P. gingivalis was detected in 21 patients
(30.4% of cases).

22 P. gingivalis isolates of the main group and 19
isolates of the control group were examined by PCR
to reveal genes encoding fimbriae types I, II, and IV
(Fig. 4).

The results indicate the predominance of the
fimA 11 genotype (40.9% of cases) among the P. gingi-
valis isolates of the main group. The fimA I genotype
is detected quite often as well, in 22.7% cases, while
the prevalence of the fimA IV genotype was insignifi-
cant (9.1% of cases). Thus, among P. gingivalisisolates
from patients with CGPS, strains carrying fimbriae
of types I and II predominantly circulate. Among
the 19 P. gingivalis isolates of the control group,
fimA 11 also dominates (31.6% cases), the prevalence
of which is only by 22.7% lower compared to the prev-
alence rate of fimA 1l in the main group. The fimA 1
genotype in P. gingivalis isolates of the control group
is found quite rarely (5.3% of cases), and the fimA IV
genotype is not available at all.

The gene (kgh), encoding a lysine-dependent
protease, in P. gingivalis isolates of the main group
is detected in 68.2% cases, while the gene (rghA), en-
coding an arginine-dependent protease type A, is de-
tected in P. gingivalis isolates of all patients (100%
cases) (Fig. 5).

When comparing the corresponding genes in con-
trol group P. gingivalis isolates, a significant reduc-
tion in the prevalence of kgh and rghA was revealed,
to 26.3% and 47.4% cases, respectively.

Table 2 shows the prevalence of various genotypes
of the studied virulence factors among P. gingivalis
isolates of the main and control groups.

When considering three virulence factors, P. gin-
givalis isolates with genotype fimA 11:kgh:rghA (27.3%
cases) and fimA l:kgh:rghA (18.2% cases) dominate
the main group. Both of those genotypes are present
in almost half (45.5% cases) of P. gingivalis isolates
of the main group that suggests a significant con-
tribution of P. gingivalis with those genotypes in the
development of chronic generalized periodonti-
tis. In P. gingivalis isolates of the control group,
genotypes fimA ll:kgh:rghA and fimA 1:kgh:rghA are
found quite rare, in 5.3% cases. When consider-
ing different genotypes from two virulence factors

%
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Figure 4. Prevalence of fimbriae types I, Il and
IV genes (fimA, fimA 1l and fimA IV) among

P. gingivalis isolates in patients of the main and
control groups

%

100

80

60

40
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Figure 5. Prevalence of lysine-dependent
protease (kgh) and arginine-dependent protease
type A (rghA) genes among P. gingivalis isolates
in patients of the main and control groups

Control group

[ rghA

Table 2. Distribution of fimbria types I, Il and IV
(fimA 1, 11, IV), lysine-dependent protease (kgh)
and arginine-dependent protease type A (rghA)
genotypes

Prevalence (%)
Genotypes -
Main group Control group

fimA I:kgh:rghA 18.2 5.3
fimA ll:kgh:rghA 27.3 5.3
fimA IV:kgh:rghA 9.1 0
fimA I:kgh 18.2 5.3
fimA I:rghA 22.7 5.3
fimA ll:kgh 27.3 5.3
fimA Il: rghA 4041 18.2
fimA IV:kgh 9.1 0
fimA IV:rghA 9.1 0

1083



|.V. Koroleva et al.

MHdekumns n uMmyHuTeT

in P. gingivalis isolates of the control group, geno-
types fimA 1l:rghA (40.1% cases), fimA 1l:kgh (27.3%
cases) and fimA l:rghA (22.7% cases) predominate.
In P. gingivalis isolates from the control group,
the fimA 1l:rghA genotype also predominate (18.2%
cases). The remaining genotypes listed above are
found rare in P. gingivalis isolates from the control
group, in 5.3% cases.

Discussion

Among the virulence factors of P. gingivalis,
the polysaccharide capsule, fimbriae proteins, argi-
nine- and lysine-dependent proteases, and hemag-
glutinins are particularly distinguished. In the work
in question, the heterogencity of genes encoding
fimbriae types I, Il and IV and arginine- and lysine-
dependent proteases was studied in clinical isolates
of P. gingivalis obtained from healthy patients and
patients with CGPS. It has previously been dem-
onstrated that P. gingivalis is isolated from healthy
patients in 10—25% cases [13]. A higher percentage
of P. gingivalis detection was reported in the dental
plaque of healthy Japanese patients, up to 36.8% cas-
es [4]. A study of samples obtained from the subgin-
gival sulcus of 69 healthy patients in St. Petersburg
demonstrates a high percentage of carriage of P. gin-
givalis, up to 30.4% cases. The prevalence of P. gingi-
valis in patients of the main group amounted to 100%
cases that fully correlates with previous studies [13,
18]. Among P. gingivalis fimbriae, six genotypes
of fimA have been described, of which genotypes 11
and IV have been characterized as the most com-
mon ones among P. gingivalis isolates received from
patients with IPD (inflammatory periodontal dis-
ease) in Sweden and Japan [4, 25]. The remaining
genotypes of fimbriae were detected quite rarely [25].
In agreement with previous studies, among the three
types of arginine-dependent proteases, type A argi-
nine-dependent protease (RghA) was found to be
dominant. Among lysine-dependent Kgh proteases,
both genotypes I and Il occurred with approximately
the same frequency [25].

When studying the prevalence of virulence fac-
tors in the main group, it has been demonstrated that
genes encoding type II fimbriae (40.9% cases) and
type A arginine-dependent protease (100% cases)
were present in the first place by frequency of occur-
rence. The obtained data suggest a direct correlation
between CGPS and P. gingivalis isolates carrying
the rghA gene (r = 1.0). The lysine-dependent pro-
tease gene kgh is detected in 68.2% of cases. In P. gin-
givalis isolates from healthy patients, type II fimbriae
and type A arginine-dependent protease were present
in 31.6% and 47.4% of cases, respectively. Lysine-
dependent protease Kgh is detected in 26.3% of cas-
es. The presented results suggest that P. gingivalis
strains producing fimbriac FimA I1I, as well as Kgh
and RghA, have a more pronounced pathogenic po-

tential. Thus, one can consider those virulence fac-
tors as markers for detecting more pathogenic strains
of P. gingivalis.

Comparing data on the prevalence of P. gingivalis
virulence factors in the St. Petersburg with previ-
ously published data for Sweden, it’s safe to say that
type II fimbriae are most often found in P. gingivalis
isolates from patients with IPD. However, it is worth
noting that P. gingivalis isolates with type II fim-
briae are recorded more often in Swedish patients
(71% cases) compared to patients from St. Petersburg
(40.9% cases). Differences in P. gingivalis isolates
from St. Petersburg are also revealed when identifying
type I and IV fimbriae. In P. gingivalis isolates from
Swedish patients, the second most common finding
was P. gingivalis with type 1V fimbriae (16.1% cases).
In the St. Petersburg, P. gingivalis with type IV fim-
briae from patients with IPD are rarely found (9.1%
cases); moreover, P. gingivalis isolates with type IV
fimbriae from healthy patients are not recorded at all.
On the other hand, in St. Petersburg, isolates of P. gin-
givalis with type I fimbriae are more often detected
from patients with IPD, in 22.7% cases. The relatively
frequent detection of P. gingivalis isolates with type I
fimbriae (19.6% cases) from Brazilian patients with
IPD has been previously published [19]. In compari-
son, type I fimbriae was rarely detected in P. gingivalis
isolates from Swedish patients (4.8% of cases). In ad-
dition, all P. gingivalis isolates from St. Petersburg pa-
tients with IPD carry the gene for arginine-dependent
protease type A, while in P. gingivalis isolates from
Swedish patients with IPD the gene for the mentioned
protease is found less frequently, in 75.8% cases.
In summary, a study of clinical isolates of P. gingi-
valis from patients with IPD demonstrates significant
regional differences in the prevalence of individual
P. gingivalis virulence factors. The findings highlight
the significance of such studies for specific regions.

When analyzing genotypic variants for the studied
virulence factors of P. gingivalis in the main group,
JimA1l:kgh:rghA (27.3% cases), fimAll:kgh (27.3%)
and fimAll:rghA (40.1% cases) are most com-
mon. Those results allow taking into consideration
the above-mentioned gene combinations as virulent
genotypes of P. gingivalis. It is important to mention
that virulent genotypes were found in P. gingivalis iso-
lates from healthy control patients (fimA 11:kgh:rghA
and fimAll:kgh — in 5.3% cases; fimAll:rghA —
in 18.2% cases).

Identification of P. gingivalis strains with more
distinct pathogenic potential and detection of their
virulent genotypes is of great practical importance.
Using obtained clinical and microbiological data,
an in-depth research of the etiology of IPD, devel-
opment and implementation of up-to-date efficient
methods to prevent the disease are possible. In ad-
dition, the detection of virulent genotype strains
among control group patients allows predicting that
some healthy patients have an increased susceptibil-
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ity to developing periodontitis. Keeping that know-  Acknowledgements
ledge in mind the dentist will be able to prevent in-

flammatory periodontal diseases in advance, develop The authors express their gratitude to the staff
individual oral hygiene for the patient and give ap-  of the Institute of Experimental Medicine for the op-
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