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Evaluation of Vascular Endothelial Growth
Factor, Hypoxia-inducible Factor 1-Alpha, and
Bacterial Plaque Composition in Periodontal
Health and Disease, with or without Bruxism:
A Non-Randomized Clinical Study

Bruksizm Varliginda ve Yoklugunda, Periodontal Saglik

ve Hastalikta Vaskuler Endotelyal Buyume Faktora,
Hipoksi ile Indtklenebilir Faktor 1-Alfa ve Bakteriyel

Plak Kompozisyonunun Degerlendirilmesi: Randomize

Olmayan Klinik Calisma

Abstract

Aim: In this study, we aimed to evaluate the possible changes in hypoxia markers and bacterial compo-
nents in patients with periodontitis and bruxism.

Methods: Four study groups were created: 20 healthy individuals without bruxism (Group 1), 20 periodon-
titis patients without bruxism (Group 2), 20 healthy individuals with bruxism (Group 3), and 20 periodon-
titis patients with bruxism (Group 4). Plague index, gingival index, and clinical attachment levels were
recorded and gingival crevicular fluid (GCF) and dental plague samples were taken. The GCF vascular
endothelial growth factor (VEGF) and hypoxia-inducible factor 1-alpha (HIF-1a) levels were determined.
Subgingival plague samples were evaluated for 5 bacterial species (Aggregatibacter actinomycetem-
comitans, Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, and Fusobacterium nu-
cleatum).

Results: Compared to patients with periodontitis, plague index, gingival index, and clinical attachment
levels were significantly lower in healthy individuals. The GCF and serum levels of VEGF and HIF-la were
similar (p>0.05). The A. actinomycetemcomitans, T. denticola, and F. nucleatum counts did not differ
significantly between the study groups (p>0.05). P. gingivalis counts were lowest in Group 1and increased
with both periodontitis and bruxism. T. forsythia counts were higher in Group 1and Group 2 than in Group
3 and Group 4. The levels in Group 1 were lower than those in Group 2.

Conclusion: Individuals with and without bruxism were found to be similar in terms of hypoxia in peri-
odontal health and disease. However, one of the major oral pathogens, P. gingivalis, is affected by the
presence of bruxism, regardless of periodontitis.
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Oz

Amag: Bu calismada periodontitis ve bruksizm hastalarinda hipoksi belirteclerindeki ve bakteriyel bilesen-
lerdeki olasi degisiklikleri degerlendirmek amacglanmistir.

Yoéntem: Dort calisma grubu olusturuldu: bruksizmi olmayan 20 saglikli birey (Grup 1), bruksizmi olmayan
20 periodontitis hastasi (Grup 2), bruksizmi olan 20 saglikli birey (Grup 3) ve bruksizmi olan 20 periodon-
titis hastasi (Grup 4). Plak indeksi, gingival indeks ve klinik atacman seviyesi kaydedildi, diseti olugu sivisi
(DOS) ve dental plak érnekleri alindi. DOS’taki vaskuler endotelyal btyume faktora (VEBF) ve hipoksi ile
induklenebilir faktér 1-alfa (HIF-1a) seviyeleri belirlendi. Subgingival plak érnekleri 5 bakteri turt (Aggre-
gatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola
ve Fusobacterium nucleatum) icin degerlendirildi.

Bulgular: Plak indeksi, gingival indeks ve klinik atagman seviyesi periodontitis hastalarina kiyasla saglikli
bireylerde anlamli bicimde daha dustktt. DOS ve serum VEBF ve HiF-1a seviyeleri benzerdi (p>0,05). A.
actinomycetemcomitans, T. denticola ve F. nucleatum sayilari calisma gruplari arasinda anlamli farklilik
gostermedi (p>0,05). P. gingivalis sayilari Grup T'de en dusuk olup hem periodontitis hem de bruksizm ile
artmaktaydi. T. forsythia sayilari Grup 1 ve Grup 2'de Grup 3 ve Grup 4’e gére daha yUksekti. Grup Tdeki
seviyeler ise Grup 2'dekinden dustktu.

Sonug: Bruksizmi olan ve olmayan bireyler, periodontal saglik ve hastalikta hipoksi bakimindan benzer
bulunmustur. Bununla birlikte, baslica oral patojenlerden biri olan P. gingivalis, periodontitisten bagimsiz
olarak bruksizm varhigindan etkilenmektedir.

Anahtar Sézciikler: bruksizm; hiperkokltzyon; hipoksi; periodontitis; subgingival mikroorganizmalar
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INTRODUCTION

Periodontitis is an irreversible inflammatory disease
of the periodontal tissues caused by the conversion
of a symbiotic microbiota into a dysbiotic state. Sys-
temic, genetic, or environmental factors can contrib-
ute to this change (1,2). While the microbiota causes
inflammation, the host is the responsible for peri-
odontal destruction with increased proteinases and
destruction of connective tissue fibers (2,3). Bruxism
is the major cause of occlusal trauma and may lead to
hypoxic conditions in the subgingival area by caus-
ing stasis on blood vessels of the periodontal ligament
(4). Occlusal trauma is one of the factors contributing
to the progress of periodontal inflammation and can
be defined as tissue destruction and/or injury leading
to periodontal tissue changes as a result of excessive
occlusal forces or hyperocclusion (5). Although there
is a lack of evidence, previous studies reported that
excessive occlusal forces facilitated the progression of
inflammation into deep tissues, suggesting accelerat-
ed periodontal destruction around teeth with occlusal
trauma and increased mobility (6,7). Recent animal
studies found that occlusal trauma led to increased
osteoclastic activity and alveolar bone loss (6,7). One
possible mechanism suggested for the progression of
periodontal destruction with excessive occlusal forces
is that tooth mobility creates a subgingival environ-
ment conducive to overgrowth by periodontal patho-
gens (8). A possible association with occlusal trauma,
microbiota and periodontal inflammation might be
hypoxia due to periodontal pathogens such as Por-
phyromonas gingivalis and Fusobacterium nucleatum
(9,10). Furthermore, apart from periodontal infec-
tion, hypoxia can lead to inflammation with up-reg-
ulating pro-inflammatory mediators such as receptor
activator of nuclear factor-kB ligand (RANKL) and
interleukin (IL)-13 (11-13). However, the associa-
tion of hypoxia, traumatic occlusion, and subgingival
microbiota in periodontal health and disease was not
evaluated in previous studies.

Evidence shows that traumatic occlusion alters the
biochemical and physical structure of the surrounding
tissues (7,14,15). Compression that occurs in the peri-
odontal ligament after excessive occlusal loads causes
ischemia by blocking the blood flow and changing the
vascular structure (16,17). Ischemia leads to hypoxia

and hypoxia induces the synthesis of pro-inflammato-
ry cytokines such as interleukin (IL)-1p and collagen
degrading enzymes such as matrix metalloprotein-
ase-8 in periodontal ligament cells and gingival fibro-
blasts (18,19).

Hypoxia and inflammation are closely related since
hypoxia increases inflammation and inflammation re-
sults in further hypoxic alterations in the periodontal
tissue (9,20). The presence of inflammation in gingival
tissues was reported to increase hypoxia while the ab-
sence of inflammation in gingiva was associated with
normal oxygen levels (9). In this relationship, the role
of periodontal pathogens cannot be neglected. Low
vascularization and oxygen tension after hypoxia fa-
vor anaerobic bacterial strains which mostly lead to
microbial dysbiosis (19). On the other hand, the exis-
tence and abundance of anaerobic bacteria or bacterial
products such as lipopolysaccharides (LPS) might also
cause hypoxia (21). In this regard, studies reported that
P, gingivalis and hypoxia induced RANKL, inflamma-
tory cytokine, and apoptotic marker levels synergisti-
cally (9,12). Hypoxia acts through hypoxia-inducible
factors (HIF); HIF-1a and HIF-1a synthesis in gin-
gival tissues is triggered by both lipopolysaccharides
and hypoxia (22). Increase in hypoxia and periodontal
HIF-1a levels could be an indicator of a hypoxic state
and inflammation in the periodontium (13,23,24). Re-
cently, Vasconcelos et al. reported increased levels of
HIF-1a and VEGF in periodontal inflammation (24).
Also, Afacan et al. demonstrated up-regulated HIF-1aq,
VEGE and TNF-a levels which were suggested to be
correlated with the severity and extent of periodontal
inflammation (20).

The available studies regarding the effects of oc-
clusal trauma on cytokine and mediator levels in the
gingival tissue did not include an evaluation of subgin-
gival microorganisms and hypoxia markers. Therefore,
in this study we aimed to evaluate the possible changes
in hypoxia markers and bacterial components of the
gingival curriculum of teeth with excessive occlusal
load. We also performed an evaluation of the GCF lev-
els of VEGF and HIF-1a and a semiquantitative deter-
mination of dysbiotic microbiota in subgingival dental
plaque.

Anatolian Clinic Journal of Medical Sciences, May 2021; Volume 26, Issue 2

208



m Anadolu Klin / Anatol Clin

|
MATERIALS AND METHODS
The study was conducted at the Department of Oral and

Maxillofacial Surgery and Department of Periodontol-
ogy of the the Tokat Gaziosmanpagsa University. A to-
tal of 80 participants were included and divided into 4
groups of 20 subjects each. Group 1 consisted of healthy
individuals without bruxism; Group 2, periodontitis
patients without bruxism; Group 3, healthy individuals
with bruxism; and Group 4, periodontitis patients with
bruxism. The sex distribution, mean age, and clinical
measurements of each group are shown in Table 1.

Individuals who reported bruxism were examined
at the Department of Oral and Maxillofacial Surgery.
Individuals who were radiographically and clinically
diagnosed with bruxism were enrolled in Group 3 and
Group 4. The participants with no history and evi-
dence of bruxism were enrolled in Group 1 and Group
2. The occlusal trauma diagnosis was made based on
the following radiologic and clinical criteria: (i) wid-
ening of periodontal ligament (PDL); (ii) wear facets
on the occlusal surfaces of the teeth; (iii) tooth mobil-
ity; (iv) tooth migration; (v) temporomandibular joint
disorder; (vi) pain during chewing; and (vii) pain and
stiffness in chewing muscles. All examinations were
performed by an experienced surgeon (NA).

None of the participants was a smoker. All patients
and healthy volunteers underwent detailed oral and
radiographic examination. Full-mouth clinical peri-
odontal measurements were recorded.

Periodontal clinical parameters

Periodontal health was examined, and the diagnosis
was made based on the criteria defined by the 2017
International World Workshop for a Classification of
Periodontal Diseases and Conditions (25). All peri-
odontitis patients were stage III, grade B. Full-mouth
clinical attachment level (CAL), plaque index (PI) (26),
and gingival index (GI) (27) measurements at six sites
per tooth (mesial, middle and distal aspects of both
buccal and lingual/palatal surfaces) were performed.
The CAL levels were measured using a Williams-type
periodontal probe (Hu-Friedy Co., Chicago, IL, USA).
The CAL was calculated as the distance in millimeters
from the cementoenamel junction to the bottom of the
periodontal pocket.
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Dental plaque sampling and determination of
microorganisms

In the periodontitis groups, the maxillary first/second
molars with a CAL of 5-6 mm were chosen for dental
plaque sampling. In the healthy groups, the maxillary
first/second molars with a sulcus depth of <3 mm, no
signs of inflammation, no gingival bleeding were cho-
sen for dental plaque sampling. None of the teeth cho-
sen had fillings, crowns, or any other sort of dental ap-
plication. First, the relevant tooth was isolated from sa-
liva with cotton rolls and dried with gauze. After supra-
gingival plaque was removed, n0.50 sterile paper points
were placed inside the periodontal pocket (periodonti-
tis groups) and gingival sulcus (healthy groups). Paper
points were pushed until resistance was felt. The paper
point was left in the pocket for 20 seconds and then re-
moved. Five samples were obtained from each patient,
combined in the same Eppendorf tube, and stored at
-20°C. The subgingival microbial dental plaque samples
were analyzed with a DNA isolation system (micro-
IDent Plus®, Hain Lifescience, Nehren, Germany). After
their collection, all samples were sent to laboratory to be
analyzed. The micro-IDent Plus test uses the PCR tech-
nique with subsequent reverse hybridization. The pro-
cedure includes the following steps, respectively: DNA/
RNA extraction, amplification of the extracted nucleic
acid in a subsequent PCR reaction by taq polymerase
enzyme and biotinylated primers, and the denaturation
step to obtain single-stranded nucleic acid (amplicon),
which is required for hybridization. In the hybridization
stage the single-stranded amplicon specifically binds to
membrane-bound probes. Following this process am-
plicons are visualized by enzymatic color reaction on
the membrane.

The following bacterial strains were determined:
Aggregatibacter actinomycetemcomitans (A. actino-
mycetemcomitans), Porphyromonas gingivalis (P. gin-
givalis), Tannerella forsythia (T. forsythia), Treponema
denticola (T. denticola), and Fusobacterium nucleatum
(FE nucleatum).

Evaluation of the bacterial analysis
For scoring, a datasheet containing semiquantitative
bacterial counts was prepared for the micro-IDent kit.

-” was considered “0”; “(+)”, score “17; “+”, score “2”;
“++”, score “3”, and “+++, score “4”.
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Table 1. Participant demographics and clinical measurements

Age Sex Plaque index Gingival index Attachment loss
14 F
Group 1 32.06+2.90 6M 0.50+0.50 0.50+0.50 2.20+0.75
14 F
Group 2 36.90+4.67 6M 2.40£0.50* 2.60£0.50 * 5.35+0.65*
15F b b b
Group 3 34.89+7.51 5M 0.60+0.50 0.60+0.50 2.00+0.80
13F
Group 4 36.76+4.40 M 2.50+0.50*¢ 2.50+0.60 *¢ 5.50+0.70 *¢

*p<0.05 vs. healthy individuals without bruxism
©p<0.05 vs. periodontitis patients without bruxism

¢p<0.05 vs. healthy individuals with bruxism

Table 2. The mean GCF and serum levels of VEGF and HIF-1a

VEGF (GCF) VEGF (serum) HIF-1a (GCF) HIF-1a (serum)
Group 1 61.02+121.05 147.44+147.52 0.06+0.12 0.75+0.52
Group 2 45.64+23.51 132.55+51.90 0.04+0.01 0.91+0.80
Group 3 70.51+£173.44 114.58+35.55 0.03+£0.00 1.93+2.63
Group 4 122.75+247.64 119.00£26.17 0.04+0.01 0.76+0.60

GCF: gingival crevicular fluid; HIF-1a: hypoxia-inducible factor 1-alpha; VEGF: vascular endothelial growth factor

Table 3. The mean scores of semiquantitative analysis of subgingival bacteria

A. actinomycetemcomitans P. gingivalis T. forsythia T. denticola E. nucleatum
Group 1 1.25%1.45 0.25+0.77 1.81+1.22 1.25+1.06 2.18+0.75
Group 2 1.75%1.86 2.15+1.04*¢ 2.90+0.64" 1.90+0.55 2.65+0.49
Group 3 0.68+1.10 1.47+1.21*° 2.01+0.82 2.03+0.31 2.02+0.02
Group 4 0.82+1.01 2.64+0.49*¢ 3.02+0.65* 1.70+£1.04 2.35+0.49

2 p<0.05 vs. healthy individuals without bruxism
b p<0.05 vs. periodontitis patients without bruxism
¢ p<0.05 vs. healthy individuals with bruxism

GCF sampling

After an initial examination, teeth were chosen for
dental plaque sampling and GCF sampling. GCF sam-
pling was performed at the same teeth and sites as den-
tal plaque sampling, one day after the plaque sampling.
To prevent any contamination with saliva, the teeth
were isolated with cotton rolls. The GCF samples were
taken with paper strips (Periopaper, Pro Flow Inc.,
Amityville, NY, USA). Briefly, the strip was placed into
the gingival sulcus or periodontal pocket until mild re-
sistance was felt, and allowed to stand for 30 s. Then,
the strip was removed, placed into an Eppendorf tube
and immediately frozen at -80°C until the day of anal-
ysis. In the presence of contamination with saliva or
blood, samples were repeated after 30 minutes.

Serum sampling
Venous blood was taken from the antecubital vein
and allowed to stand for 30 min before centrifugation

(6,000 rpm for 10 min). After centrifugation, the se-
rum samples were placed into Eppendorf tubes and
immediately frozen at -80°C until the day of analysis.

ELISA analysis

The GCF and serum levels of VEGF (Invitrogen,
Carlsbad, CA, USA) and HIF-1a (Elabscience Bio-
technology Co., Beijing, China) were measured by
ELISA. For the GCF samples, 150 pl of phosphate buf-
fer was added to each Eppendorf tube containing one
paper strip and then mixed by vortex for 1 min. After
mixing, the strips were removed from the tubes. The
materials were handled according to the manufactur-
ers instructions.

Intra-examiner reproducibility

All measurements were performed by one calibrated
examiner, unaware of the study groups. The exam-
iner underwent calibration training at the beginning
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Figure 1. The gingival crevicular fluid (GCF) and serum levels of
vascular endothelial growth factor (VEGF)

of the study and examined 10 patients not related to
the study at two separate sessions, 48-h apart. Calibra-
tion was accepted if the percentage agreement between
measurements at baseline and after 48 h was greater
than 90%.

Statistical analysis

Power calculations were performed before the baseline
survey. Eighty participants equally divided into the 4
study groups provided a statistical power of >80%. The
data were expressed as mean and standard deviation,
medians, scores, and percentages as appropriate. Anal-
ysis of normality was performed. For parametric tests,
one-way ANOVA and Tukey, chi-square and Pearson
correlation tests were used. For non-parametric tests,
the Mann-Whitney U and Kruskal-Wallis tests were
used. All statistical analysis was performed using the
SPSS (v. 20.0) software. p<0.05 was considered statisti-
cally significant.

Study ethics

The study protocol was approved by the Medical Eth-
ics Committee of the Tokat Gaziosmanpagsa University
(approval no. 16-KAEK-024). Written informed con-
sent was obtained from all participants.

I
RESULTS

The sex distribution, mean age, and clinical measure-

ments of each group are shown in Table 1. The mean
VEGF and HIF-1a levels are presented in Table 2. Semi-
quantitative bacterial counts are summarized in Table 3.

There was no significant difference in sex distribu-
tion between the groups (p>0.05). Healthy individuals
were younger than periodontitis patients, but the mean

211 Anadolu Klinigi Tip Bilimleri Dergisi, Mayis 2021; Cilt 26, Sayi 2

ages were similar (p>0.05). The PI and GI values and
CAL levels of healthy individuals were significantly low-
er than those of periodontitis patients (p<0.05) (Table
1). There was no significant difference in terms of PI
and GI values and CAL levels either between Group 1
and Group 3 or between Group 2 and Group 4 (p>0.05).

The VEGF levels were similar in the GCF and se-
rum samples (p>0.05) (Figure 1). Likewise, there was
no significant difference between the GCF and serum
levels of HIF-1a (p>0.05) (Figure 2).

All groups exhibited similar counts of A. actinomy-
cetemcomitans, T. denticola, and E. nucleatum (p>0.05).
The major changes were observed in the P. gingivalis
evaluation. The P. gingivalis counts, lowest in Group
1, were found to increase with both periodontitis and
hyperfunction (p<0.05) (Table 3). T. forsythia counts
were higher in the groups without occlusal trauma
than in the groups with occlusal trauma (p<0.05). The
levels in Group 1 were lower than those in Group 2
(p<0.05).

The Pearson correlation test showed a moderate
negative correlation between the P gingivalis counts
and the GCF levels of HIF-1a (r=0.40).

|
DISCUSSION AND CONCLUSION
The present study evaluated the hypoxic alterations

in healthy and diseased periodontium with or with-
out bruxism. The results revealed that the GCF lev-
els of HIF-1a and VEGF were similar in healthy and
diseased periodontal tissues, and that these levels did
not change with excessive occlusal loads. In addition,
among the 5 bacterial species investigated, P. gingiva-
lis was found to be correlated with the GCF levels of
HIF-1a. Besides, T. forsythia levels were decreased in
patients with bruxism.

In the presence of gingival inflammation, brux-
ism is considered to contribute to bone defects by
leading to occlusal trauma (28), and occlusal trauma
has been shown to cause a decrease in the amount
of collagen and vascularization and an increase in
leukocyte counts in the coronal regions of the peri-
odontal ligament (29). Exacerbated inflammation via
increased COX-2 and prostaglandine-2 synthesis was
also reported (30). In addition, Toll-like receptor-4
and interleukin-1p levels, related to tissue destruction,
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Figure 2. The GCF and serum levels of hypoxia-inducible factor 1-alpha (HIF-1a)

were found to be elevated in rats with occlusal trauma
(31). Tissue damage and inflammation in the peri-
odontium lead to ischemia and hypoxia, and hypoxic
periodontal ligament cells were reported to produce
RANKL (32,33). Furthermore, it is also suggested that
increased bone resorption in occlusal trauma is caused
by increased RANKL expression in the periodon-
tal ligament cells (34,35). Supporting these studies,
Campos et al. reported that occlusal trauma increased
osteoclastic activity and alveolar bone loss in rats (6).
Also, Ispas et al. demonstrated increased tissue damage
in rats with occlusal trauma (7). However, we found
no significant difference between the gingival inflam-
mation and clinical attachment levels of periodontitis
patients with and without bruxism. Since this was a
cross-sectional study, similarly matched patients were
enrolled in the study groups. Therefore, it is natural
that no significant difference was observed between
the groups in terms of the periodontal parameters in-
vestigated. Longitudinal studies can demonstrate the
effect of bruxism on periodontal tissues more clearly.
Both hypoxia and pro-inflammatory cytokines,
also involved in periodontal inflammation, stimulate
HIF-1a synthesis (21). HIF-1a mediates the short- and
long-term hypoxic adaptations by upregulating VEGF
expression, glycolysis, angiogenesis, and immune cell
recruitment (32,36). VEGF is expressed in a wide range
of cells, including periodontal ligament fibroblast cells
(18,37). Recently, Golz et al. demonstrated that VEGF
synthesis in PDL fibroblasts was stimulated by both
hypoxia and LPS of P. gingivalis along with the release
of matrix metalloproteinase-1 (12). In addition to in-
flammation, mechanical stress can also trigger hypoxia
and increase HIF-1a and VEGF synthesis in the PDL
fibroblast cells. Hypoxia, together with mechanical
forces, can stimulate IL-1f, IL-6, IL-8, TNF-a and

VEGEF expressions in vitro (38). While in the absence
of hypoxia HIF is rapidly degraded, in the presence
of hypoxia HIF degradation is inhibited and hypoxia-
related alterations occur. However, it has recently been
shown that HIF-1a is detectable in healthy gingiva,
even in the absence of any sign of visible inflamma-
tion (9,11,20,39). Afacan et al. demonstrated increased
HIF-1a, VEGF and TNF-a levels in the GCF and saliva
of periodontitis patients, associated with the severity
of the periodontal inflammation and attachment loss
(20). In contrast, in a previous study of ours, we found
no difference in HIF-la expressions in the gingival
samples of patients with either periodontitis or dia-
betes and periodontitis (39). The present study aimed
to determine the HIF-1a and VEGF levels in patients
with periodontitis and bruxism. Nonetheless, the GCF
and serum levels of HIF and VEGF were similar in all
healthy and periodontitis groups, indicating that brux-
ism, which leads to occlusal trauma, did not cause any
difference in the cytokine levels. A possible reason is
that either VEGF or HIF-1a is not a specific marker for
periodontal tissues. These can be synthesized by many
other cells (32,36), and their levels could be affected by
other physiological processes in the human body.

LPS are known to stimulate HIF-1a in monocytic
cells by inducing the NF-KB pathway and cause a hy-
poxic milieu (21). Golz et al. suggested that LPS of P
gingivalis and hypoxia together could contribute to
periodontal destruction by increasing reactive oxygen
species and oxidative stress (40). Though it did not
specified bacterial strains, a study reported that hy-
poxia altered the bacterial diversity in rats (41). Also,
Jian et al. demonstrated an up-regulation of pro-in-
flammatory cytokines such as TNF-q, IL-1p, and IL-6
in the PDL cells subjected to hypoxia and P. gingiva-
lis (42). In contrast, Takedachi reported that HIF-1a

Anatolian Clinic Journal of Medical Sciences, May 2021; Volume 26, Issue 2

212



m Anadolu Klin / Anatol Clin

inhibited IL-6 and -8 expressions in the presence of
hypoxia in P. gingivalis-induced inflammation (10).
More recently, Cheng et al. demonstrated that LPS of P
gingivalis and hypoxia had a synergistic effect on peri-
odontitis by increasing caspase-1 (9). Taken together,
these results suggest that hypoxic conditions could
modify the subgingival microbiota. We performed an
analysis of 5 periodontal disease-related virulent bac-
terial strains in healthy individuals and periodontitis
patients with and without bruxism, and found that P
gingivalis counts were affected by the existence of both
periodontitis and bruxism. The increase in P. gingivalis
levels was also demonstrated as a positive correlation
between the GCF levels of HIF-1a and the P, gingiva-
lis levels. Orally healthy individuals with bruxism had
higher P. gingivalis levels compared to those without
bruxism. P. gingivalis is one of the most important
bacteria in periodontal disease formation. Hypoxia,
which is expected to occur due to bruxism, may also
cause an increase in the amount of anaerobic bacte-
ria, including P, gingivalis. However, we observed that
T. forsythia levels were affected only by periodontitis,
and that the study groups exhibited similar levels of A.
actinomycetemcomitans, T. denticola, and E nucleatum.
This similarity could be expected as the inflammation
levels were similar between the groups.

We used a commercial detection system (Micro-
IDent Plus®, Hain Lifescience, Nehren, Germany) for
our specific evaluation of bacterial species that could
lead to dysbiosis. For the first time, Pfister and Eick
used an early version of this test and reported that it
was highly sensitive and specific (43). Then the test was
used by several researchers and found to be effective in
detecting certain bacterial strains in the microbiologi-
cal diagnosis of periodontal diseases (44,45). Haffajee
et al. compared the efficacy of the Micro-IDent® sys-
tem with the checkerboard DNA-DNA hybridization
technique and found that the two methods gave similar
results for subgingival plaque samples obtained from
periodontitis patients and healthy individuals (46).
Commercial detection kits can be clinically useful, re-
quiring less time and labor.

In conclusion, the present study evaluated the bio-
chemical and microbiological alterations around teeth
exposed to traumatic occlusion and teeth with normal
occlusion. The results showed an increase in the P
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gingivalis levels in patients with bruxism, and a posi-
tive correlation between P. gingivalis and HIF-1a lev-
els. P. gingivalis levels are also expected to increase in
anaerobic conditions with hypoxia. However, the GCF
and serum samples showed no difference in terms of
HIF-1a and VEGF levels. There may be no difference
in local and systemic markers because inflammation
levels of the periodontitis patients with and without
bruxism were moderate and equal. The role of occlusal
trauma in periodontal inflammation was found to be
unrelated to the microbiological alterations or hypoxia
in periodontitis patients. Finally, these results should
be interpreted considering the limitations of our study,
which include the sensitivity of the commercial detec-
tion kit, lack of additional biochemical analysis, and
small size of the study groups. Further studies involv-
ing larger groups and additional biochemical and mi-
crobiological analysis are recommended.
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