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PERSONAL CONTRIBUTIONS

CHAPTER V. RESEARCH MOTIVATION AND
OBJECTIVES

Both periodontal and endodontic disease and, consequently,
endo-periodontal  combined  lesions  have  in  the  etiopathogeny  an
important  inflammatory  component,  in  response  of  the  host  to
microbial  aggression,  in  association  with  other  local  and  systemic
factors.  Therefore,  the  present  research  proposes  an  assessment  of
localized  inflammatory  load  but  also  on  a  systemic  level  by
quantifying  pro-inflammatory  molecules  (IL1-α,  IL1-β,  IL2,  IL12,
IFN-γ, TNF-α) in crevicular fluid and in serum in patients with endo-
periodontal lesions.

Evidence of microbial involvement, especially of pigmented
species, such as Porphyromonas gingivalis, Prevotella intermedia and
Prevotella  nigrescens,  in  the  etiopathogenesis  of  periodontal
inflammation  and  periapical  lesions  is  common  in  the  literature.
Photoactivation  therapy  (either  by  laser  or  LED  means,  with  or
without the use of a photosensitizing agent) has proven its efficacy as
a  mean  of  adjunctive  treatment  in  periodontal  and  endodontic
therapies,  but  there  is  no  data  in  the  literature  to  evaluate  the
comparative efficiency of these methods. in removing the microbial
component from endo-periodontal lesions.

Thus,  we  have  proposed  an  evaluation  of  the  bactericidal
effects  of  photoactivation  therapy  by  laser  and  LED  means,  by
molecular  detection  of  Porphyromonas  gingivalis,  Prevotella
intermedia,  Prevotella nigriscens,  Porphyromonas endodontalis and
Tannerella  forsythia by  PCR  analysis  in  patients  with  endo-
periodontal and post-periodontal lesions. photoactivation therapy.

Doxycycline, like other members of the tetracycline antibiotic
family, inhibits matrix metalloproteinases, which are zinc-dependent
enzymes,  capable  of  degrading  a  variety  of  extracellular  matrix
proteins,  including  collagen  (Reynolds  &  Meickle,  1997).  Matrix
metalloproteinases  play  a  fundamental  role  in  tissue  destruction
observed  in  periodontitis  and  are  secreted  by  numerous  types  of
resident  cells  and  infiltrate  into  the  periodontium,  including
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neutrophils,  macrophages,  keratinocytes,  fibroblasts,  osteoclasts  and
endothelial cells (Hannas et al., 2007).

The regulation of matrix metalloproteinase activity is exerted
by  endogenous  tissue  inhibitors  of  metalloproteinases  and  alpha-
macroglobulins,  which  form  complexes  with  precursor  and  active
forms  of  matrix  metalloproteinases  (Ryan  et  al.,  1996).  The
predominant  matrix  metalloproteinases  associated  with  collagen
breakdown  in  periodontitis  are  MMP-8  and  MMP-9,  which  are
secreted by the large number of infiltrating neutrophils recruited into
inflamed periodontal tissues.

The purpose of  the  research was to  evaluate  the  effects  of
adjunctive therapy with subantimicrobial doses of doxycycline (SDD)
in patients with endo-periodontal lesions, by saliva quantification of
MMP-8,  MMP-9,  TIMP-1,  alkaline  phosphatase  and  aspartate
aminotransferase. before therapy, at the end of it and after 3 months
after the end of SDD therapy.

Diabetes  patients  are  more  exposed  to  oral  infections  and
periradicular  lesions  caused  by  changes  in  the  immune  system,
qualitative and quantitative changes in the normal flora of the oral
cavity and poor peripheral feeding. The properties of the pulp change
with the aging process; In addition, uncontrolled diabetes can cause
changes in  the  tissue of  the  dental  pulp and reduce its  activity  by
reducing collateral blood flow.

Because  diabetes  impairs  blood  circulation  or  causes
ischemia, sometimes necrosis of the pulp may occur (Dhoum et al.,
2018).  The possible  connection between chronic  oral  inflammatory
processes, such as apical periodontitis, endodontic status and systemic
health, is one of the most interesting aspects faced by the medical and
dental scientific community, by monitoring the healing potential after
stabilizing all  parameters,  in  this  particular  case,  inflammation and
infection status in a diabetic field. Thus, another goal of the doctoral
research was to investigate changes in the level of glycemic control,
quantified  by  the  determination  of  glycated  hemoglobin,  which
adjunctive therapy with subantimicrobial doses of doxycycline could
generate in patients with diabetes and endo-periodontal lesions. 
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CHAPTER VI. EVALUATION OF THE LOCAL AND
SYSTEMIC STATUS IN ENDO-PERIODONTAL

LESIONS

VI.1 Aim of the study
The  present  study  proposes  an  assessment  of  localized

inflammatory load but  also at  a systemic level  by quantifying pro-
inflammatory molecules (IL1-α, IL1-β, IL2, IL12, IFN-γ, TNF-α) in
crevicular  fluid  and  in  serum  in  patients.  with  endo-periodontal
lesions.

VI.2 Materials and method
The study was carried out on a group of 146 subjects who,

after  clinical  and radiological  examinations,  were  divided into five
groups: healthy endo-periodontal patients (n = 24) (group I), patients
with superficial periodontitis (probing depth less than 4mm) (n = 36)
(group II), patients with moderate periodontitis (depth at 4-6mm) (n =
32)  (group  III),  patients  with  severe  periodontitis  (probing  depth
higher than 6mm) (n = 25) (group IV) and patients with combined
endo-periodontal lesions (n = 29) (group V). Patients in groups II, III
and IV had no active endodontic lesions. Also, all subjects included in
the study were systemically healthy.

We excluded patients  with anti-inflammatory medication in
the  last  6  months,  patients  who  had  endodontic  or  periodontal
treatment in the last 12 months and smokers.

Each subject  included in the study was informed about  the
purpose and methodology of the study, obtaining written consent from
each subject.

Patients  underwent  a  complex  endodontic  and  periodontal
clinical  examination,  with  the  determination  of  the  following
periodontal parameters: probing depth (PD), clinical attachment loss
(CAL), presence of furcation lesions (LIR) and bleeding on probing
index (BOP).

All the data collected from periodontal measurements, as well
as from the evaluations of the furcation and the dental mobility, are
included in the patient's individual periogram (Fig. VI.2).
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Fig. VI.2 Electronic periogram

Clinical  examinations  were  supplemented  with  serial  retro-
dento-alveolar radiographs.

Crevicular fluid analysis of IL1-α, IL1-β, IL2, IL12, IFN-γ,
TNF-α was performed by ELISA assays, according to manufacturer's
instructions.

Serum analysis of IL1-α, IL1-β, IL2, IL12, IFN-γ, TNF-α was
performed using multiplex flow cytometry (BD ™ Cytometric Bead
Array - CBA, BD Bioscience, San Jose, CA, US). The data obtained
were recorded and statistically analysed.

VI.3 Results

The present clinical and paraclinical study was performed on
a group of 146 subjects; mean age was 46.28 ± 11.37 years. The group
consisted  of  67  female  subjects  (45.89%)  and  79  male  subjects
(54.11%).  Regarding  the  environment  of  origin,  53  subjects  came
from rural areas (36.30%) and 93 of them from urban areas (63.70%).

The highest values  for probing depth were recorded for the
group with endo-periodontal lesions, values  significantly higher than
groups I, II and III (P <0.05), without reaching a level of statistical
significance  compared  to  group  IV,  of  patients  with  severe
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periodontitis (P = 0.685). Similar results were obtained for the clinical
periodontal  attachment  loss  and  for  the  bleeding  index.  Furcation
injuries  were only present  in  groups IV and V,  with a  statistically
significant difference (P = 0.002).

IL1-α showed significantly higher serum and crevicular fluid
values  compared to the healthy subjects; also, the values recorded in
the  group  with  patients  with  endo-periodontal  syndrome  were
significantly higher than the group with severe periodontitis. Similar
differences were also observed for the serum and GCF values of IL1-
β.

Table VI.2 The values obtained after the determination in the crevicular fluid of the
proinflammatory molecules
GCF 
(pg/m
l)

I (n=24) II (n=36) III (n=32) IV (n=25) V (n=29) P 
values 
V/ IV

IL1-α 13.24±3.
23

22.02±4.2
3

27.81±11.4
9*

33.45±8.68
*

41.74±12.4
5*

P 
<0.05

IL1-β 12.32±5.
81

19.21±7.9
1

25.76±10.6
6*

31.92±9.42
*

43.19±12.9
7*

P 
<0.05

IL2 0.33±0.0
7

8.39±3.44
*

29.97±11.8
4*

42.73±9.75
*

56.59±21.3
2*

P 
<0.001

IL12 0.21±0.0
2

17.23±8.7
8*

21.48±7.32
*

30.04±7.44
*

46.94±22.6
4*

P<0.0
01

TNF-
α

3.14±2.1 19.47±7.4
3*

28.77±7.37
*

53.19±12.5
4*

79.83±27.9
7*

P<0.0
01

IFN-γ 2.88±1.1
4

11.29±5.2
2*

15.42±6.22
*

24.32±10.0
3*

38.42±12.4
5*

P 
<0.05

Values are expressed as mean value ± Standard Deviation; * p value<0.05

The values for Il2, IL12, TNF-α and IFN-γ measured in the
crevicular fluid were higher for groups II, III, IV and V compared to
the  group  with  healthy  endo-periodontal  subjects;  following  the
comparison of the values obtained for groups IV and V, we noticed
significant  differences  (P  <0.001)  for  the  group with  patients  with
endo-periodontal  lesions.  The  values  of  the  proinflammatory
molecules determined in crevicular fluid are presented in Table VI.2.

IL2 showed significantly higher serum values for groups III,
IV and V compared to group I; although the values recorded for the
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group with superficial periodontitis were higher, the differences did
not  reach  a  level  of  statistical  significance  (P  =  0.843);  it  is
noteworthy that the mean serum level of IL12 was significantly higher
for the group with endo-periodontal syndrome compared to subjects
with severe periodontitis (Table VI.3).

Table VI.3 The values obtained after the serum determination of the proinflammatory
molecules
Seru
m 
(pg/m
l)

I (n=24) II (n=36) III (n=32) IV (n=25) V (n=29) P 
values 
V/ IV

IL1-α 0.14±0.0
2

1.76±0.14 3.12±1.44
*

4.33±2.38
*

7.23±3.43
*

P 
<0.05

IL1-β 0.31±0.1
2

1.44±1.26 4.22±2.37
*

5.54±2.45
*

8.41±3.59
*

P 
<0.05

IL2 4.42±10.
27

5.01±2.43 10.28±3.2
3*

19.21±7.3
3*

32.63±7.3
3*

P<0.00
1

IL12 1.21±0.0
9

1.97±1.28 2.76±1.49 5.29±2.98
*

10.55±3.7
9*

P<0.00
1

TNF-
α

0.65±0.1
0

3.02±1.12
*

3.28±1.95
*

6.84±2.55
*

8.97±4.21
*

P<0.05

IFN-γ 12.36±3.
75

17.57±4.2
3*

19.24±6.4
4*

21.10±7.4
7*

38.94±9.7
9*

P<0.00
1

Values are expressed as mean value ± Standard Deviation; * p value<0.05

 Serum IL12 values were significantly higher compared with
healthy periodontal subjects only for patients with severe periodontitis
and endo-periodontal syndrome, with significantly higher values for
group V compared to group IV (P <0.001).

TNF-α and IFN-γ demonstrated significantly higher values for
all groups with pathology compared to the group with healthy endo-
periodontal subjects; in addition, we noted for both proinflammatory
molecules significantly higher serum values for the group with endo-
periodontal syndrome compared to subjects with severe periodontitis.
Data on serum determinations are presented in Table VI.3.
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VI.4 Discussion
It appears that much of the osteoclastogenic activity induced

in  periapical  lesions  is  specifically  related  to  the  formation  of
interleukin-1a  (Graves  et  al.,  2011).  However,  when  IL-1  receptor
signaling is completely eliminated, there is an increase in lesion size
and  systemic  morbidity.  In  the  present  study,  IL1-α  showed
significantly higher serum and crevicular fluid values compared to the
healthy subjects group; also, the values  recorded in the group with
patients  with  endo-periodontal  syndrome  were  significantly  higher
than the group with severe periodontitis, suggesting an inflammatory
load at systemic level for these patients.

The  Il2,  IL12,  TNF-α  and  IFN-γ  levels  measured  in  the
crevicular fluid were higher for groups II, III, IV and V compared to
the  group  with  healthy  endo-periodontal  subjects;  following
comparison of the values  obtained for groups IV and V, we noticed
significant  differences  for  the  group  with  patients  with  endo-
periodontal  lesions.  The expression of TNF-α was identified in the
lesions  of  endodontic  origin  by  cells  such  as  PMN,  monocytes  /
macrophages and fibroblasts and may contribute to lesion formation
(Nair, 2004).

Garlet  et  al.  (2007)  showed  that  TNFR-1  knock-out  mice
developed  significantly  lower  inflammation,  indicated  by  reduced
regulation  of  chemokine  and  chemokine  receptors  and  decreased
alveolar bone loss in association with RANKL inhibition in response
to  oral  inoculation  with  A.  actinomycetemcomitans.  Furthermore,
mRNA levels of IL1-β, IFN-g and RANKL in gingival tissues were
significantly  lower  in  TNFR-1  knock-out  mice  than  in  wild-type
infected  mice.  In  contrast,  levels  of  A.  actinomycetemcomitans
quantified by real-time PCR were significantly higher in mice with
ablated TNF receptors than in wild-type control and were associated
with lower  levels  of  PMN-bound antimicrobial  myeloperoxidase in
experimental mice (Garlet et al., 2007). Thus, the absence of TNFR-1
led  to  lower  cytokine  production  in  response  to  A.
actinomycetemcomitans infection even in the presence of higher levels
of periodontal pathogens. In the present study, TNF-α demonstrated
significantly higher values for all groups with pathology compared to
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the  group  with  healthy  endo-periodontal  subjects;  In  addition,  we
noticed significantly higher  serum values  for  the  group with endo-
periodontal syndrome compared to subjects with severe periodontitis.

Based on similar studies, it can be assumed that local TNF-α
production plays a role in enhancing the regulation of host response to
bacteria and stimulating bone resorption during periodontitis. It is also
possible that oral bacteria, in addition to the cause of local pathology,
may contribute to systemic conditions by increasing the production of
cytokines subsequent to bacteremia. Interestingly,  P. gingivalis LPS
stimulate a strong local inflammatory response, but a weak systemic
inflammatory response (Liu et al., 2008). Inhibition of IL-1 and TNF-
α together  significantly reduces the progression of  inflammation to
bone, osteoclastogenesis and periodontal tissue destruction.

IFN-γ is a lymphokine, produced by lymphocytes and natural
killer  cells  that  has  been  implicated  in  periodontal  bone  loss.  Its
expression is associated with Th1 lymphocytes. Mice with a genetic
ablation of IFN-g have a bone loss induced by P. gingivalis, compared
to wild-type controls.  T cells  are  an important  source of  IFN-γ in
periodontitis and have been linked to increased RANKL expression
(Teng et  al.,  2005).  We obtained  significantly higher  serum IFN-γ
values  for  all  groups  with  pathology  compared  to  the  group  with
healthy  endo-periodontal  subjects;  moreover,  the  values  were
significantly  higher  for  the  group  with  endo-periodontal  syndrome
compared to the subjects with severe periodontitis.

It  can  be  considered  that  IL-12  has  dichotomous  effects
related  to  osteoclastogenesis.  One  of  these  is  to  induce  osteoclast
differentiation by increasing IL-1b and Th1 cytokine production and
causing  destructive  osteolysis  around  the  root  apex  during  the
development of the periapical lesion. However, in vitro studies have
shown that IL-12 indirectly reduces the differentiation of osteoclasts
induced by RANKL alone or in synergy with IL-18 (Horwood et al.,
2001).  Moreover,  it  appears  that  T  cells  play  an  important  role  in
inhibiting osteoclastogenesis by IL-12, because their absence in these
cultures abuses the effects of IL-12 treatment.

Another group showed that IFN-γ also suppresses RANKL-
induced osteoclast differentiation and mature osteoclastic function by
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enhancing  IFN-γ-induced  degradation  of  RANK  adapter  protein
TRAF6 (tumor necrosis factor receptor factor 6) by induced activation
of RANKL of NF-κB and JNK transcription factors (Takayanagi et
al., 2000). In the present research, serum IL12 levels were higher for
patients with moderate and severe periodontitis but also for patients
with endo-periodontal syndrome; in addition, the latter  values were
higher than those of patients with severe periodontitis.

VI.5 Conclusions
The periodontal parameters of patients with endo-periodontal

syndrome,  although  of  high  severity,  are  comparable  to  those  of
patients with severe periodontitis; exception are the furcation lesions
that  have  higher  values  for  patients  with  endo-periodontal  lesions.
This  fact  is  important  from the  point  of  view  of  the  clinical  and
surgical  management of  these patients,  which becomes much more
complicated and with a more reserved prognosis.

The values  of inflammatory molecules in crevicular fluid of
patients with periodontal pathology reflect their higher degree of local
inflammation  compared  to  healthy  endo-periodontal  patients.
Although  patients  with  severe  periodontitis  and  those  with  endo-
periodontal  syndrome  showed  the  highest  values,  the  levels  were
significantly  higher  for  the  latter,  giving  a  much  more  severe
molecular image than the other categories of patients.

Following the serum determinations of the proinflammatory
molecules,  patients  with  endo-periodontal  lesions  showed
significantly higher values even in subjects with severe periodontitis;
these data indicate a much higher risk for these patients to develop
and  maintain  systemic  diseases,  knowning  the  role  that  local
inflammation can generate on the general inflammatory status of the
patient. Therefore, treatment at all stages of these patients acquires an
increased level of complexity, even in cases of severe periodontitis.
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CHAPTER VII. STUDY REGARDING THE EFFECTS
OF THE PHOTOACTIVATION THERAPY ON ENDO-

PERIODONTAL BACTERIA

VII.1 Aim of the study
The aim of this study is to evaluate the bactericidal effects of

photoactivation  therapy  with  laser  and  LED  means,  by  molecular
detection  of  Porphyromonas  gingivalis,  Prevotella  intermedia,
Prevotella  nigriscens,  Porphyromonas endodontalis and  Tannerella
forsythia by PCR analysis in patients with endo-periodontal and post-
periodontal lesions. photoactivation therapy.

VII.2 Materials and methods
The study was conducted on a  group of  126 subjects  with

endo-periodontal  lesions,  divided  into  three  groups:  patients  who
underwent diode laser photoactivation therapy (n = 44), patients who
underwent  laser  photoactivation  therapy  +  photosensitizing  agent
(HELBO Blue photosensitizer®, a liquid containing methylene blue
(n = 40) and patients who underwent LED photoactivation therapy +
photosensitizing agent (toluidine O blue) (n = 42).

Patients  underwent  a  complex  endodontic  and  periodontal
clinical examination, completed with retro-dento-alveolar radiographs.

All  patients  underwent  non-surgical  periodontal  therapy,
consisting of manual and ultrasonic scaling and root planing, with the
help of curettes (Hu-Friedy Mfg. Co., LLC, Chicago IL, USA). For
the mechanical instrumentation of root canals, the access cavity was
made,  the  canals  were  permeabilized  with  Kerr  needles  (Kerr
Corporation, USA) no. 10 or 15. The instrumentation was performed
with the manual ProTaper system (Dentsply Sirona, USA), using the
crown-down technique.

Three methods were used for photoactivation therapy:  laser
photoactivation with the diode laser device (Epic X, Biolase), 940 nm
wavelength,  continuous mode,  without  photosensitizing agent;  laser
photoactivation  with  Helbo® Photodynamic  Systems  GmbH & Co
KG,  670  nm,  75  mW  /  cm2  and  HELBO  photosensitizer  Blue
photosensitizer®,  a  liquid  containing  methylene blue (3.7  dimethyl
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phenothiazine  chloride),  with  maximum  absorbance  at  670  nm;
photoactivation with LED device (Smart-Pad, Orange Dental, GmbH
& Co.,  Germany)  and photosensitizer  -  toluene chloride (Toluidine
Blue O, Orange Dental, GmbH & Co., Germany), with a maximum
absorbance at 635nm.

The photoactivation therapy was performed in the periodontal
pocket and in the root canal space, after mechanical instrumentation,
being repeated at 7 and 14 days after the first session.

Samples for PCR amplification of a specific DNA sequence
of  Porphyromonas  gingivalis,  Prevotella  intermedia,  Prevotella
nigriscens,  Porphyromonas  endodontalis and  Tannerella  forsythia
from the periodontal pocket and root canal were taken using sterile
paper cones. A total of 315 periodontal sites and 315 endodontic sites
were collected.

The  data  were  recorded  and  statistically  analysed.  For
statistical  analysis,  the  program SPSS 20.0 (IBM) was  used  and p
<0.05 was considered to indicate a statistically significant difference.

VII.3 Results
The present clinical and paraclinical study was performed on

a group of 126 subjects; mean age was 47.38 ± 9.21 years. The group
consisted  of  43  female  subjects  (34.13%)  and  83  male  subjects
(65.87%).  Regarding  the  environment  of  origin,  41  subjects  came
from rural areas (32.54%) and 85 of them from urban areas (67.46%).

Analyzing the probing depth values one month after the first
photoactivation  session  revealed  that  all  three  therapeutic  means
generated improvements manifested by decreasing probing depths, but
only  subjects  in  groups  II  and  III  maintained  this  tendency  three
months from baseline. The same aspects are also found in the analysis
of the bleeding index, with a significant increase in the BOP value at 3
months  compared  to  the  values  observed  at  one  month  for  laser
photoactivation without the use of the photosensitizer.

Regarding the clinical periodontal attachment loss (CAL), a
significant reduction in both one month and three months values was
observed  only  in  Group  III  patients,  those  who  underwent  LED
photoactivation therapy, using photosensitizing substance.
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Moreover,  we  noticed  higher  values  at  the  3  months
assessment compared to the initial values for patients who underwent
laser therapy without photosensitizer.

Table VII.3 Porphyromonas gingivalis prevalence on study groups at baseline, at one
month and after three months since baseline 
Study 
group

T0 T1 T2
Pp Cr Pp Cr Pp Cr

Grou
p I 
(108 
sites)

102
(94.44%

)

72
(66.67%

)

12 
(-

88.23%
)

19 
(-

73.61%
)

38 
(-62.74%)

(+216.67%)
*

41 
(-43.05%)

(+115.79%)
*

Grou
p II 
(93 
sites)

89
(95.70%

)

68
(73.12%

)

1 
(-

98.88%
)

0 
(-100%)

2 
(-97.75%)
(+100%)*

0 
(-100%)
(0.00%)*

Grou
p III 
(114 
sites)

104
(91.23%

)

77
(67.54%

)

5 
(-

97.11%
)

2 
(-

97.40%
)

6 
(-94.23%)

(+20.00%)*

2 
(-97.40%)
(0.00%)*

T0: baseline, before the first session of photoactivation;  T1: at one month after the
first session of photoactivation (a week after the last photoactivation session); T2: at
three  months  after  the  first  session  of  photoactivation;  Pp:  periodontal  site;  Cr:
endodontic site; *Indicates the changes between T2 și T3 values

Following the analysis of the prevalence of  P. gingivalis we
observed  that  the  laser  photoactivation  therapy  using  the
photosensitizer  generated  the  most  favorable  bactericidal  effects:  a
reduction of 98.88%, respectively 97.75% in the periodontal pocket
(detection in a single site at one month and in two sites at 3 months)
and 100% sterilization  of  the  root  canal  at  one month,  maintained
value also at 3 months (Table VII.3).

Regarding the prevalence of  P. endodontalis, the best results
in  the  one-month  evaluation  were  generated  by  laser  and  LED
photoactivation  therapies  with  photosensitizing  agent;  a  complete
sterilization of the periodontal pocket and a significant reduction in
the canal space were obtained.

The  values  remained  constant  even  at  the  3-month
assessments,  however,  noting  an  advantage  in  this  case  for  LED
therapy (Table VII.4).
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Table VII.4 Porphyromonas endodontalis prevalence on study groups at baseline, at
one month and after three months since baseline
Study 
group

T0 T1 T2
Pp Cr Pp Cr Pp Cr

Group 
I (108 
sites)

57
(52.78%)

96
(88.89%)

31 
(-

40.35%)

62 
(-

35.42%)

35 
(-38.60%) 

(+12.90%)*

67 
(-30.21%)
(+8.06%)*

Group 
II (93 
sites)

49
(52.69%)

68
(73.12%)

0 
(-100%)

8 
(-

88.23%)

0 
(-100%)
(0.00%)*

8 
(-88.23%)
(0.00%)*

Group 
III 
(114 
sites)

61
(53.51%)

103
(90.35%)

0 
(-100%)

1 
(-

99.03%)

0 
(-100%)
(0.00%)*

1 
(-99.03%)
(0.00%)*

T0: baseline, before the first session of photoactivation;  T1: at one month after the
first session of photoactivation (a week after the last photoactivation session); T2: at
three  months  after  the  first  session  of  photoactivation;  Pp:  periodontal  site;  Cr:
endodontic site; *Indicates the changes between T2 și T3 values

Table VII.5 Prevotella  intermedia prevalence on study groups at  baseline,  at  one
month and after three months since baseline
Study 
group

T0 T1 T2
Pp Cr Pp Cr Pp Cr

Group
I (108 
sites)

104
(96.30%)

51
(47.22%)

31 
(-

70.19%)

24 
(-

52.94%)

41 
(-60.58%)

(+32.26%)*

28 
(-45.10%)

(+16.67%)*
Group
II (93 
sites)

88
(94.62%)

42
(45.16%)

1 
(-

98.86%)

2 
(-

95.24%)

1 
(-98.86%)
(0.00%)*

2 
(-95.24%)
(0.00%)*

Group
III 
(114 
sites)

109
(95.61%)

62
(54.38%)

0 
(-100%)

1 
(-

98.39%)

0 
(-100%)
(0.00%)*

1 
(-98.39%)
(0.00%)*

T0: baseline, before the first session of photoactivation;  T1: at one month after the
first session of photoactivation (a week after the last photoactivation session); T2: at
three  months  after  the  first  session  of  photoactivation;  Pp:  periodontal  site;  Cr:
endodontic site; *Indicates the changes between T2 și T3 values

The same assertions are valid for P. intermedia levels, noting
that  only  LED  therapy  induced  complete  sterilization  of  the
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periodontal pouch, with methylene blue laser therapy maintaining a
positive P. intermedia site (Table VII.5).

Remarkable  results  were observed in  the  case  of  laser  and
LED action with photosensitizing agent on the P. nigriscens pathogen
- a complete sterilization of both the periodontal pocket and the root
canal observed at one month and, more importantly, constant and at
three months (Table VII.6).

Tannerella forsythia presented the lowest values in the initial
evaluation,  both  in  the  periodontal  pocket  and  in  the  root  canal;
photoactivation  therapies  generated  unfavorable  results  on  the
prevalence  of  this  bacterium  -  the  most  significant  reduction  was
observed  for  laser  therapy  with  photosensitizing  agent  in  the
periodontal pocket (53.33%) but it is noteworthy that at the 3-month
evaluation,  an increase of sites  T. forsythia positively was detected
(Table VII.7).

Table VII.6 Prevotella nigriscens prevalence on study groups at baseline, at one 
month and after three months since baseline
Study 
group

T0 T1 T2
Pp Cr Pp Cr Pp Cr

Group 
I (108 
sites)

101
(93.52%)

75
(69.44%)

22 
(-

78.22%)

17 
(-

77.33%)

38 
(-62.38%)

(+72.73%)*

31 
(-58.67%)

(+82.35%)*
Group 
II (93 
sites)

86
(92.47%)

64
(68.82%)

0 
(-100%)

0 
(-100%)

0 
(-100%)
(0.00%)*

0 
(-100%)
(0.00%)*

Group 
III (114
sites)

98
(85.96%)

79
(69.30%)

0 
(-100%)

0 
(-100%)

0 
(-100%)
(0.00%)*

0 
(-100%)
(0.00%)*

T0: baseline, before the first session of photoactivation;  T1: at one month after the
first session of photoactivation (a week after the last photoactivation session); T2: at
three  months  after  the  first  session  of  photoactivation;  Pp:  periodontal  site;  Cr:
endodontic site; *Indicates the changes between T2 și T3 values

An  important  result  is  the  effects  of  laser  therapy  without
photosensitizing agent. This type of adjunct therapy has generated the
weakest  bactericidal  effects,  detected  for  all  the  bacterial  forms
analyzed. More importantly, after 3-month assessments in all cases, an
increase in bacterial prevalence was observed, except for T. forsythia,

18



in  which  case  laser  therapy without  photosensitizing  agent  had  no
effect.

Table VII.7 Tannerella forsythia prevalence on study groups at baseline, at one 
month and after three months since baseline
Study 
group

T0 T1 T2
Pp Cr Pp Cr Pp Cr

Group I 
(108 
sites)

63
(58.33%)

21
(19.44%)

62 
(-

1.59%)

21 
(-

0.00%)

65
(+3.17%)

(+4.84%)*

21 
(-0.00%)
(0.00%)*

Group II
(93 sites)

45
(48.39%)

13
(13.98%)

21 
(-

53.33%)

13 
(-

0.00%)

22 
(-51.11%)
(+4,76%)*

17
(+30.77%)

(+30.77%)*
Group 
III (114 
sites)

62
(54.38%)

22
(19.30%)

58 
(-

6.45%)

20 
(-

9.09%)

57 
(-8.06%)
(-1.72%)*

20 
(-9.09%)
(0.00%)*

T0: baseline, before the first session of photoactivation
T1: at one month after the first session of photoactivation (a week after the last 
photoactivation session) 
T2: at three months after the first session of photoactivation
Pp: periodontal site
Cr: endodontic site
*Indicates the changes between T2 și T3 values

VII.4 Discussion
Clinical  trials  of  antimicrobial  photodynamic  therapy  have

been  performed  to  remove  bacteria  from  carious  dentin,  thus
intervening in gradual excavation techniques that may reduce the risk
of pulp and necrosis exposure, as well as the need to remove pulp
(Bonsor  &  Pearson,  2006).  In  endodontics,  antimicrobial
photodynamic  therapy  has  been  reported  as  an  adjuvant  to
conventional endodontic disinfection treatment to destroy bacteria that
remain even after irrigation with sodium hypochlorite (Bonsor et al.,
2006).

Several studies have shown that antimicrobial photodynamic
therapy  has  been  effective  in  eliminating  anaerobic  and  aerobic
bacteria,  including  Enterococcus  faecalis and  Actinomyces,
Porphyromonas and Prevotella spp., in primary endodontic lesions or
in cases of endodontic therapeutic failure (Fimple et al., 2008).
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Braun  et  al.  (2008)  evaluated  the  effect  of  adjuvant
antimicrobial photodynamic therapy (methylene blue + 100 mW laser
diode) in chronic periodontitis using a split-mouth model. A total of
twenty patients  underwent  a  radial  root  datation procedure and the
quadrants  were  randomly  assigned  to  further  treatment  with
photodynamic therapy. After 3 months, adjuvant use of photodynamic
therapy resulted in a significantly greater change in mean attachment
level, probing depth, gingival fluid flow, and bleeding at the sites that
received photodynamic therapy compared to those who received only
SRP.  Accordingly,  it  was concluded that  clinical  outcomes of  root
planing  and  scaling  can  be  improved  by  adjuvant  antimicrobial
photodynamic therapy in patients with chronic periodontitis.

We  have  shown  beneficial  results  on  the  periodontal
parameters (probing depth,  periodontal  clinical  attachment  loss and
bleeding  rate)  only  in  cases  where  the  photosensitizing  agent  was
used; the single laser therapy gave good results at the first evaluation
(one month from the initial moment), but at 3 months a tendency to
relapse was observed.

Brink  and  Romanos  (2207)  compared  the  clinical  and
microbiological effects of SRP + Nd: YAG (2W) laser, SRP + 980 nm
diode  laser  (2W)  and  SRP  +  antimicrobial  photodynamic  therapy
[methylene blue + 670 nm diode laser. (75 mW)] and SRP alone in
patients with chronic periodontitis.  The authors reported that in the
group treated with the antimicrobial photodynamic therapy + scaling
and root planing, the bleeding at the well was significantly reduced,
one to three months after the treatment, than in the other groups. In
addition, the bactericidal effects of SRP + antimicrobial photodynamic
therapy appeared to be greater than those of the SRP + Nd: YAG, SRP
+ laser diode.

In the present study we also demonstrated the advantage of
using the photosensitizing agent and the superior bactericidal effects
of its association with laser or LED; the advantages, however, were
similar  for both methods;  While the use of laser + methylene blue
resulted in a greater reduction for P. gingivalis in both the periodontal
pocket and the root canal, the use of LED + blue toluidine O resulted
in slightly more favorable results in P. endodontalis and P. intermedia
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eradication. It  is  worth noting that both methods led to a complete
eradication of P. nigriscens in the periodontal pocket and root canal, a
result  that  was  maintained  after  three  months.  Also  of  great
importance is the fact that the photoactivation methods did not lead to
an effective elimination of  Tannerella forsythia.  Thus, the essential
issue  of  the  microbiological  diagnosis  is  raised  in  the  complex
approach of the cases of endo-periodontal lesions, diagnosis that leads
to the appropriate choice of therapeutic means.

VII.5 Conclusions
Research  has  shown  beneficial  results  on  periodontal

parameters (probing depth,  periodontal  clinical  attachment  loss and
bleeding  rate)  only  in  cases  where  the  photosensitizing  agent  was
used; the single laser therapy gave good results at the first evaluation
(one month from the initial moment), but the clinical evaluation at 3
months from the initial moment detected a tendency to relapse.

Laser  therapy  without  photosensitizing  agent  has  yielded
acceptable results on pigmented species but has been shown to be less
effective than laser or LED photoactivation therapy using methylene
blue  or  toluidine  blue  O.  Therefore,  the  claim  that  photodynamic
antimicrobial therapy is supported with specific photosensitizers and
light  sources  it  is  effectively  bactericidal  for  endo-periodontal
pathogens.

The  data  obtained  from  this  clinical  and  laboratory
intervention study suggest  the net  benefits  of  using photoactivation
therapy  as  an  adjunctive  treatment  in  treating  patients  with  endo-
periodontal lesions, specifying that the choice of method should be
individualized  for  successful  therapeutic  results  in  each  case  in
particular.
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CHAPTER VIII. EFFICIENCY OF THE HOST
MODULATION THERAPY IN THE TREATMENT OF

ENDO-PERIODONTAL LESIONS

VIII.1 STUDY 1. Study on the effects of adjunctive therapy with
subantimicrobial doses of doxycycline in patients with endo-periodontal

lesions

VIII.1.1 Aim of the study
The  purpose  of  the  study  was  to  evaluate  the  effects  of

adjunctive therapy with subantimicrobial doses of doxycycline (SDD)
in patients with endo-periodontal lesions, by saliva quantification of
MMP-8,  MMP-9,  TIMP-1,  alkaline  phosphatase  and  aspartate
aminotransferase. before therapy, at the end of it and after 3 months
after the end of SDD therapy.

VIII.1.2 Materials and method
The study was performed on a group of 76 patients with endo-

periodontal lesions that were divided into two groups: the SDD group
(n = 34) and the control group (n = 42).

Patients  underwent  a  complex  endodontic  and  periodontal
clinical  examination,  with  the  determination  of  the  following
periodontal  parameters:  probing  depth,  periodontal  attachment  loss
and  bleeding  on  probing  index.  Clinical  examinations  were
supplemented with retro-dento-alveolar radiographs.

All  patients  underwent  non-surgical  periodontal  therapy,
consisting of manual and ultrasonic scaling and root planing, with the
help of curettes (Hu-Friedy Mfg. Co., LLC, Chicago IL, USA). For
the mechanical instrumentation of root canals, the access cavity was
made,  the  canals  were  permeabilized  with  Kerr  needles  (Kerr
Corporation, USA) no. 10 or 15. The instrumentation was performed
with the manual ProTaper system (Dentsply Sirona, USA), using the
crown-down technique.

These therapeutic procedures were performed for all subjects
included  in  the  study.  In  addition,  patients  in  the  SDD  group
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underwent  adjunct  therapy  to  modulate  the  host's  inflammatory
response  to  bacterial  aggression  with  subantimicrobial  doses  of
doxycycline, 20 mg twice daily, for 3 months. Adverse events were
monitored and recorded throughout the study.

In  all  subjects,  saliva  ELISA  analysis  of  matrix
metalloproteinase 8 (MMP-8), matrix metalloproteinase 9 (MMP-9),
tissue  matrix  metalloproteinase  inhibitor  1  (TIMP-1),  aspartate
aminotransferase  (AST)  and  aspartate  alkaline  (ALP).  Aspartate
aminotransferase and alkaline phosphatase were determined using the
spectrophotometric method. The AST and ALP values are expressed
in international units per milliliter (IU / ml).

The laboratory determinations were performed at  the initial
time,  at  the  end  of  the  therapy  with  subantimicrobial  doses  of
doxycycline (3 months from the initial time) and at 3 months after the
completion of this therapy (6 months from the initial time). The data
obtained during the course and at the end of the 6 months of study
were analysed and statistically processed.

VIII.1.3 Results
The present clinical and paraclinical study was performed on

a group of  76 subjects;  the  mean age recorded was 54.93 ± 12.44
years.  The group consisted of 40 female subjects (52.63%) and 36
male  subjects  (47.37%).  Regarding  the  environment  of  origin,  34
subjects came from rural areas (44.74%) and 42 of them from urban
areas (55.26%).

Regarding  patient  compliance,  41  subjects  were  initially
included in the SDD group, but 7 of them (17.07%) did not complete
subantimicrobial  doses of doxycycline.  All  subjects included in the
control group followed the study methodology.

Following the evaluation of the bleeding index in the SDD
group, we noticed a significant decrease in the SDD at the end of the
therapy with subantimicrobial doses of doxycycline, a decrease that
continued and at the assessment 3 months after the completion of the
SDD  therapy  (p  <0.001).  In  these  patients  the  determination  of
probing depth at  3 months from the initial  moment revealed lower
values,  but  not  reaching the statistical  significance threshold;  these
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values  continued  to  decrease  throughout  the  study,  the  difference
being significant at the 6 months assessment from the initial moment
(p <0.05) (Table VIII.2).

Table VIII.2. Mean values of periodontal parameters on study groups 
Paramet
er

SDD group Control group V0 V1 V2
T0 T1 T2 T0 T1 T2

BI (%) 47.2
1 ± 
21.3
2

10.07
* ± 
8.11

9.43
* ± 
5.31

39.9
4 ± 
22.4
5

23.10
* ± 
15.47

35.9
2 ± 
18.9
2

0.141
5

0.031
1*

0.0021
*

PD 
(mm)

4.87
± 
1.44

3.75 
± 
1.85

2.46
* ± 
0.96

4.71
± 
2.05

3.99 
± 
2.12

4.48
± 
2.97

0.752
3

0.102 0.0072
*

CAL 
(mm)

3.77
± 
2.12

2.98 
± 
1.78

1.73
* ± 
0.93

3.81
± 
1.82

2.77*
± 
1.21

3.52
± 
1.72

0.831
2

0.372 0.0037
*

SDD:  subantimicrobial  doses  of  doxycycline;  T0:  baseline  evaluation  (before
treatment); T1: evaluation after the SDD (3 months from baseline); T2: evaluation at
three months after SDD (6 months from baseline); V0: p value between groups at
baseline; V1: p value between groups at T1; V2: p value between groups at T2; BI:
bleeding  index;  PD:  probing  depth;  CAL:  clinical  attachment  loss;  values  are
expressed as mean value ± Standard Deviation; * p value <0.05.

For  the  control  group,  at  3  months  we  noticed  significant
decreases  for  the  bleeding  index  and  for  the  clinical  periodontal
attachment loss (p <0.05); although the average value of the probing
depth  was  lower  than  the  initial  moment,  this  difference  was  not
statistically  significant.  Interestingly,  all  the  evaluated  periodontal
parameters presented increased values at the evaluation from 6 months
to that of 3 months (Table VIII.2).

At  the  beginning,  we  did  not  notice  significant  differences
between groups for any of the analyzed periodontal parameters. At the
end of the SDD therapy, only the bleeding index showed significantly
lower values for the study group compared to the control group (p =
0.0311),  but  at  the  3-month  evaluation after  the  completion  of  the
SDD,  we  noticed  significantly  lower  values  for  all  examined
periodontal parameters.
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Table  VIII.3.  Mean values  of  MMP,  TIMP-1 și  MMP/TIMP1 ratio  on study
groups 
Parame

ter
SDD Group Control group V0 V1 V2

T0 T1 T2 T0 T1 T2
MMP-8
(ng/ml)

261.
72 ± 
31.7
6

172.3
4* ± 
48.74

153.2
2* ± 
24.88

267.
81 ± 
43.9
7

183.7
2* ± 
29.21

272.
11 ± 
42.9
8

0.82
12

0.461
7

0.000
1*

MMP-9
(ng/ml)

391.
21 ± 
51.5
2

232.5
7* ± 
31.87

201.6
9* ± 
74.52

388.
93 ± 
83.2
2

219.9
3* ± 
51.68

295.
67 ± 
54.9
7

0.76
13

0.279
4

0.002
3*

TIMP-
1 
(ng/ml)

73.4
8 ± 
21.3
1

114.7
7* ± 
32.55

129.9
3* ± 
41.22

75.2
9 ± 
19.8
8

80.81
± 
22.72

71.9
2 ± 
13.9
8

0.68
49

0.003
7*

0.001
2*

MMP-8
/ 
TIMP-
1

3.21 
± 
1.12

1.63*
± 
0.72

1.28*
± 
0.44

3.11 
± 
1.21

2.97 
± 
0.86

3.92 
± 
1.21

0.97
39

0.002
1*

0.003
1*

MMP-9
/ 
TIMP-
1

4.95 
± 
1.77

2.03*
± 
0.98

1.68*
± 
0.23

4.33 
± 
1.32

3.72 
± 
1.63

4.84 
± 
1.93

0.57
20

0.000
1*

0.000
1*

SDD:  subantimicrobial  doses  of  doxycycline;  T0:  baseline  evaluation  (before
treatment); T1: evaluation after the SDD (3 months from baseline); T2: evaluation at
three months after SDD (6 months from baseline); V0: p value between groups at
baseline; V1: p value between groups at T1; V2: p value between groups at T2; MMP-
8:  matriceal  metaloproteinase  8;  MMP-9:  matriceal  metaloproteinase  9;  TIMP-1:
tissue inhibitor of matriceal metaloproteinase – 1; values are expressed as mean value
± Standard Deviation; * p value <0.05.

Determination of salivary levels of matrix metalloproteinase
8,  matrix  metalloproteinase  9  in  the  study  group,  SDD,  revealed
significantly lower values at the end of SDD therapy (p <0.05), values
that maintained the tendency to decrease and at 3 months evaluation
from  the  completion  of  subantimicrobial  doses  of  doxycycline  (p
<0.001). The same pattern was observed for the MMP-8 / TIMP-1 and
MMP-9 /  TIMP-1 ratios  (Table  VIII.3).  Tissue  inhibitor  of  matrix
metalloproteinase 1 demonstrated an evolution of growth at  both 3
months and 6 months from baseline (p <0.001).
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Table VIII.4. AST and AP mean values on study groups 
Paramet
er

SDD Group Control group V0 V1 V2
T0 T1 T2 T0 T1 T2

AST 
(UI/ml)

106.2
±12.
22

30.6
* ± 
2.68

31.2
* ± 
2,13

107.
5 ± 
13.3
2

35.7
8* ± 
2,69

92.4
± 
9.88

0.98
72

0.356
1

0.000
1*

ALP 
(UI/ml)

85.32
± 
8.66

29.3
2* ± 
2.45

35.4
4* ± 
2.77

84.9
6 ± 
8.68

41.2
0* ± 
5.21

68.8
1 ± 
6.23

0.83
64

0.001
3*

0.000
7*

AST: aspartat aminotransferase; ALP: alkaline phosphatase; SDD: subantimicrobial
doses of doxycycline; T0: baseline evaluation (before treatment); T1: evaluation after
the SDD (3 months from baseline);  T2:  evaluation at  three months after  SDD (6
months from baseline); V0: p value between groups at baseline; V1: p value between
groups at T1; V2: p value between groups at T2; values are expressed as mean value ±
Standard Deviation; * p value <0.05.

In  the  control  group,  with  subjects  who  followed  only
conventional  endo-periodontal  therapy,  when  evaluating  the
completion of SDD therapy,  MMP-8 and MMP-9 had significantly
lower values; TIMP-1, although it presented a higher value at the 3-
month  evaluation,  failed  to  generate  statistically  significant
differences. When evaluating from 3 months after the completion of
the SDD, MMP-8, MMP-9, as well as the reports MMP-8 / TIMP-1
and MMP-9 /  TIMP-1 revealed  increases  compared  to  the  values  
determined  at  the  completion  of  the  SDD;  moreover,  the  ratios
between matrix metalloproteinases and the TIMP-1 inhibitor had even
higher values than the initial moment (Table VIII.3).

At  the  beginning,  we  did  not  notice  significant  differences
between  groups  for  MMP-8,  MMP-9,  TIMP-1,  as  well  as  for  the
MMP-8 / TIMP-1 and MMP-9 / TIMP-1 ratios. When evaluating the
completion of SDD therapy, significant differences between the study
groups  were  generated  only  by  TIMP-1  (p  =  0.0037)  and  by  the
MMP-8 / TIMP-1 (0.0021) and MMP-9 / TIMP-ratios. 1 (0.0001). In
the analysis from 3 months after the completion of the SDD, however,
all the analyzed markers, as well as the reports MMP-8 / TIMP-1 and
MMP-9  /  TIMP-1,  presented  favorable  values,  with  significant
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differences, for the group with subjects who followed by therapy with
subantimicrobial doses of doxycycline.

Analysis  of  aspartate  aminotransferase  and  alkaline
phosphatase in the saliva of patients who underwent subantimicrobial
doses of doxycycline showed significantly lower values at the end of
SDD  therapy  (p  <0.05);  at  the  3-month  assessment  after  the
completion of the SDD, the AST and ALP values, although lower than
the initial  moment, showed a tendency to increase compared to the
evaluation after  the completion of  the SDD. We also observed the
same trends for the control group (Table VIII.4).

After  comparing  the  values  between  groups  at  the  pre-
therapeutic time, we did not observe significant differences between
groups for AST and ALP; when evaluating from 3 months from the
initial  moment  we  noticed  significantly  lower  values  in  the  SDD
group only for alkaline phosphatase.  Six months after baseline, the
decreases in the SDD versus the control group were significant for
both markers.

VIII.1.4 Discussion
After  decades  of  research  that  led  to  the  identification  of

several  mechanisms  by  which  tetracyclines  inhibit  excessively
pathological  MMPs (including suppressing the synthesis,  activation
and activity of these host-generated proteins), two drug development
pathways have been followed to reduce connective tissue destruction:
anti-bacterial tetracycline formulations and new compositions.

Considerable commitment is needed for patients when taking
doxycycline at the subantimicrobial dose, not only to comply with the
requirements involved in the treatment of periodontitis (ie, improved
oral  hygiene and attendance at  multiple  treatment  and maintenance
meetings),  but  also  to  take  a  two-dose  drug.  times  a  day  for  a
minimum period of 3 months. Therefore, the decision on prescribing
doxycycline  in  subantimicrobial  doses  tends  to  be  based  on  both
patient-related  factors  (eg,  probable  motivation,  compliance,  and
commitment to the proposed treatment) and clinical factors (eg, extent
and  severity  of  periodontitis).  Regarding  patient  compliance,  41
subjects  were  initially  included  in  the  SDD group,  but  7  of  them
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(17.07%) did not complete subantimicrobial doses of doxycycline. All
subjects  included  in  the  control  group  followed  the  study
methodology.

Another  concern  regarding  the  use  of  doxycycline  in
subantimicrobial  doses  was  the  potential  for  antibiotic  resistance
development when patients take a low dose of doxycycline twice daily
for a minimum period of 3 months. However, no evidence of this was
found in studies that  investigated whether there was any impact  of
SDD  on  the  subgingival  microbiota  (Lee  et  al.,  2004)  or  the  gut
microbiota (Walker et al., 2005), even and when treatment with SDD
has been extended for up to 9 months. According to the data from the
literature, in the present study we did not observe any adverse effects
following  the  three-month  regimen  with  subantimicrobial  doses  of
doxycycline.

Matrix metalloproteinase-8, also called collagenase-2, is one
of  the  most  common  host  proteins,  being  found  in  diseased
periodontal  tissues  and  is  linked  to  the  degradation  of  interstitial
collagen.  High  salivary  levels  of  matrix-8  metalloproteinase  have
repeatedly  demonstrated  significant  positive  correlations  with
increased probing bleeding, clinical attachment level, and periodontal
bag depth (Kinney et al., 2011). Furthermore, significant reductions in
salivary levels  of  matrix-8 metalloproteinase  were found after  root
scaling and scaling (SRP), suggesting their potential ability to monitor
periodontal disease activity (Sexton et al., 2011). In the present study,
conventional  therapy  resulted  in  significant  reductions  of  MMP-8
even in the control group, which confirms the therapeutic success it
can have on inflammatory markers.

Tissue  inhibitor  of  metalloproteinase-1  is  one  of  four
endogenous  tissue  inhibitors  referred  to  as  tissue  inhibitor  of
metalloproteinases.  The  main  function  of  the  tissue  inhibitor  of
metalloproteinase-1  is  to  prevent  collagenolytic  activities  and  the
function  of  matrix  metalloproteinases  1,  2,  3,  8,  9  and 13.  In  the
present  study,  the  tissue  inhibitor  of  matrix  metalloproteinase  1
demonstrated in the dose therapy group doxycycline subantimicrobials
an evolution of growth both at 3 months and at 6 months from the
initial moment. In the control group, with subjects who followed only
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conventional therapy, TIMP-1, although it presented a higher value at
the  3-month  evaluation,  failed  to  generate  statistically  significant
differences.

In the SDD group, the MMP-8 / TIMP-1 and MMP-9 / TIMP-
1  ratios  showed significantly  lower  values  at  the  end  of  the  SDD
therapy,  values  that  maintained  the  decreasing  tendency  and  the
evaluation from 3 months after the completion of the dose therapy.
doxycycline subantimicrobials. In the control group, at the assessment
3  months  after  the  completion  of  the  SDD,  the  reports  MMP-8  /
TIMP-1 and MMP-9 /  TIMP-1 revealed increases  compared to  the
values determined at the completion of the SDD; moreover, the ratios
between matrix metalloproteinases and the TIMP-1 inhibitor had even
higher  values  than the initial  moment.  Thus,  we  notice  the  benefit
conferred by the therapy with subantimicrobial doses of doxycycline
in the control of the activity of metalloproteinases, an action which,
apparently,  is  closely  correlated  with the  tissue inhibitor  of  matrix
metalloproteinases 1.

Aspartate aminotransferase is a soluble cytoplasmic enzyme
that occurs naturally in the cellular cytoplasm. However, during the
active  phases  of  periodontal  disease,  cells  die  and  aspartate
aminotransferase  is  released  into  surrounding  tissues,  making  this
enzyme a viable marker of disease activity (Korte & Kinney, 2016).
Chambers et al. (1984) published one of the first studies showing a
relationship between increased levels of aspartate aminotransferase in
gingival crevicular fluid and diseased periodontal tissues in a model of
experimental periodontitis in Beagle dogs. Since then, further studies
have explored the relationship between increased levels  of  salivary
aminotransferase aspartate and periodontal disease.

Alkaline  phosphatase  is  one  of  the  many  host-derived
enzymes  studied  for  its  role  in  the  detection  and  progression  of
periodontal  disease.  Early studies exploring the correlation between
alkaline  phosphatase  and  periodontal  disease  have  reported
associations between alkaline phosphatase and depth measurements of
periodontal  pouch  and  alkaline  phosphatase  and  levels  of
inflammation.  Salivary  alkaline  phosphatase  levels  increased
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significantly in subjects with periodontal disease compared to controls
(Nomura et al., 2012).

Analysis  of  aspartate  aminotransferase  and  alkaline
phosphatase in the saliva of patients who underwent subantimicrobial
doses of doxycycline showed significantly lower values at the end of
SDD therapy; at the 3-month assessment after the completion of the
SDD,  the  AST  and  ALP  values,  although  lower  than  the  initial
moment, showed a tendency to increase compared to the evaluation
after the completion of the SDD. The same trends were observed for
the control group.

After comparing the values  between groups, at the 3 months
evaluation  from the  initial  moment  we  noticed  significantly  lower
values  in the SDD group only for alkaline phosphatase. Six months
after baseline, the decreases in the SDD versus the control group were
significant for both markers evaluated. Thus, it can be stated that the
therapy with subantimicrobial doses of doxycycline does not generate
significant benefits over AST and ALP over conventional therapy.

VIII.1.5 Conclusions
Subantimicrobial  dose  therapy  of  doxycycline  resulted  in

significant improvements in periodontal parameters, effects that were
maintained throughout the study. Also, the efficacy over time of this
adjunct therapy has been shown for matrix metalloproteinase 8, matrix
metalloproteinase 9,  tissue inhibitor of  matrix metalloproteinases 1,
but also on the MMP-8 / TIMP-1 and MMP-9 / TIMP-1 ratios, which
conventional conventional therapy has failed to generate in patients
with endo-periodontal lesions.

Levels of aspartate aminotransferase and alkaline phosphatase
were not significantly influenced by SDD compared to conventional
therapy.

Subantimicrobial  dose  therapy  of  doxycycline  in  doses  of
20mg twice daily for three months was well tolerated, with no adverse
effects; thus, this therapeutic means is a safe and effective option in
the management of patients with endo-periodontal lesions.
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VIII.2 STUDY 2. Evaluation of the effects of adjunctive therapy with
subantimicrobial doses of doxycycline on the glycemic control in patients

with diabetes mellitus and endo-periodontal lesions

VIII.2.1 Aim of the study
The  aim  of  the  study  was  to  investigate  the  changes  in

glycemic control  level,  quantified by the determination of glycated
hemoglobin, which adjunctive therapy with subantimicrobial doses of
doxycycline  might  determine  in  patients  with  diabetes  and  endo-
periodontal lesions.

VIII.2.2 Materials and methods
This  study  was  performed  on  51  subjects  with  diabetes,

divided into two therapeutic  groups:  31 patients  with diabetes  (the
study group) who underwent conventional  endo-periodontal  therapy
and  subantimicrobial  doses  of  doxycycline  and  20  patients  with
diabetes  who  had  followed  only  conventional  endo-periodontal
therapy (the control group). All of these patients had endo-periodontal
lesions.

Patients  underwent  a  complex  endodontic  and  periodontal
clinical  examination,  with  the  determination  of  the  following
periodontal  parameters:  probing depth (PD),  periodontal  attachment
loss  (CAL)  and bleeding  on  probing  (BOP).  Clinical  examinations
were supplemented with serial retro-dento-alveolar radiographs.

All  patients  underwent  non-surgical  periodontal  therapy,
consisting of manual and ultrasonic scaling and root planing, with the
help of curettes (Hu-Friedy Mfg. Co., LLC, Chicago IL, USA). For
the mechanical instrumentation of root canals, the access cavity was
made,  the  canals  were  permeabilized  with  Kerr  needles  (Kerr
Corporation, USA) no. 10 or 15. The instrumentation was performed
with the manual ProTaper system (Dentsply Sirona, USA), using the
crown-down technique.

These therapeutic procedures were performed for all subjects
included  in  the  study.  In  addition,  patients  in  the  SDD  group
underwent  adjunct  therapy  to  modulate  the  host's  inflammatory
response  to  bacterial  aggression  with  subantimicrobial  doses  of
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doxycycline, 20 mg twice daily, for 3 months. Adverse events were
monitored and recorded throughout the study.

For  each  patient,  glycated  hemoglobin  A1c  (HbA1c)  was
determined.  The  method  of  determining  HbA1c  was
immunoturbidimetric. This evaluation was performed at the beginning
of the study and at 3 months, 6 months and 12 months after the initial
moment.

The data obtained during the course and at the end of the 12
months of study were analyzed and statistically processed.

VIII.2.3 Results
The study was carried  out  on a  group of  51 subjects  with

diabetes mellitus, divided into two therapeutic groups:
• the  study  group,  with  conventional  therapy  +

subantimicrobial  dose  therapy  of  doxycycline,  which  included  31
patients;

• the control group, consisting of 20 patients with diabetes,
who only followed conventional endo-periodontal therapy.

All of these patients had endo-periodontal lesions.
The present clinical and paraclinical study was performed on

a group of 51 subjects; the mean recorded age was of 52.97 ± 10.21
years.  The group consisted of 30 female subjects (58.82%) and 21
male  subjects  (41.18%).  Regarding  the  environment  of  origin,  33
subjects came from urban areas (64.71%) and 18 of them from rural
areas (35.29%).

In  terms  of  patient  compliance,  34  subjects  were  initially
included in the SDD group, but 3 of them (8.82%) did not complete
subantimicrobial  doses of doxycycline.  All  subjects included in the
control group followed the study methodology.

Following the evaluation of the bleeding index in the SDD
group, we noticed a significant decrease in the SDD at the end of the
therapy with subantimicrobial doses of doxycycline, a decrease that
continued  and  at  the  assessments  from  3  and  9  months  after  the
completion of the SDD therapy (p <0.001).

For  the  control  group,  at  3  months  we  noticed  significant
decreases for the bleeding index, but this followed a growth trend at 3
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and 9 months after the completion of the SDD, approaching the initial
values.

In  patients  who  received  treatment  with  subantimicrobial
doses  with  doxycycline,  the  determination  of  probing  depth  at  3
months  from baseline revealed lower values,  but  did not  reach the
statistical significance threshold; these values  continued to decrease
throughout  the  study,  the  difference  being  significant  at  the
assessments from 6 and 12 months from the initial moment (p <0.05).

For the control group, at 3 months, although the average value
of the probing depth was lower than the initial moment, this difference
was not statistically significant. Moreover, the values  have increased
in the assessments at 6 and 12 months.

When assessing the completion of SDD therapy, the loss of
periodontal clinical attachment was lower, but did not reach a clinical
significance threshold. Importantly, in the 6 and 12 month evaluations
we noticed a tendency to decrease these values for the SDD group.

In  the  control  group,  consisting  of  patients  who  had  only
followed conventional therapy, the CAL decreased significantly at the
3 months assessment from the initial moment, but, as well as the other
evaluated  periodontal  parameters,  showed  an  upward  trend  in  the
evaluations from 6 and 12 months,  the last  one revealing a greater
value than the original one.

At  the  beginning,  we  did  not  notice  significant  differences
between groups for any of the periodontal parameters. At the end of
the SDD therapy, only the bleeding index showed significantly lower
values for the study group compared to the control group (p = 0.0311),
but at the 3 and 9 months after the completion of the SDD, we noticed
significantly lower values for all periodontal parameters examined.

Regarding the level of glycated hemoglobin, when evaluating
from  3  months  from  the  initial  moment  we  noticed  significant
decreases for both study groups.

The differences between the SDD and the control group were
significant  at  the  6-  and  12-month  assessments  (p  =  0.0025  and
0.0002,  respectively),  for  the  group  of  patients  with  diabetes  who
underwent  subantimicrobial  dose  of  doxycycline  therapy.  HbA1c
continued  to  decrease,  and  for  the  group  of  patients  who  only
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followed  conventional  therapy,  these  values  began  to  increase,
approaching the baseline values (Table VIII.6).

Table VIII.6. Mean values of glycated haemoglobin on study groups 
SDD Group Control group V0 V1 V2 V3
T
0

T1 T2 T3 T
0

T1 T
2

T
3

HbA
1c 
(%)

8.
8 
± 
1.
8

7.2
* ±
1.6

7.1
* ±
1.7

6.8
* ±
1.5

8.
9 
± 
1.
9

7.1
* ±
1.5

8.
3 
± 
1.
6

8.
7 
± 
1.
8

0.85
2

0.74
1

0.002
5*

0.000
2*

SDD:  subantimicrobial  doses  of  doxycycline;  T0:  baseline  evaluation  (before
treatment); T1: evaluation after the SDD (3 months from baseline); T2: evaluation at
three months after SDD (6 months from baseline); V0: p value between groups at
baseline; V1: p value between groups at T1; V2: p value between groups at T2; values
are expressed as mean value ± Standard Deviation; * p value <0.05; HbA1c: glycated
haemoglobin; 

VIII.2.4 Discussion
The present  study was able  to  demonstrate  the  relationship

between  diabetes  and  endo-periodontal  lesions,  by  evaluating  the
periodontal status and the response to the initial phase of periodontal
therapy, associated with subantimicrobial doses of doxycycline.

Glycemic  control  is  essential  to  prevent  diabetes-related
morbidity and mortality. Increased HbA1c has been linked to diabetic
micro- and macro-vascular complications and decreased HbA1c leads
to reduced morbidity and mortality (Khaw et al., 2004).

Doxycycline  and  other  tetracycline  analogues  have  been
shown  to  reduce  tissue  protein  glycation  in  animals  with
streptozotocin-induced  diabetes  without  apparent  changes  in  serum
glucose levels.  Therefore, we have argued that doxycycline may be
useful in the treatment of patients with diabetes by reducing protein
glycation. The hypothesis of this study showed that SDD could play a
role in reducing protein glycation in humans.

Grossi et al. (1997) demonstrated HbA1c reduction at three
months of follow-up, while Jones et al. (2007) did not find significant
differences between groups at 4 months. In these studies, however,
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higher antimicrobial doses of doxycycline were administered for only
2  weeks.  Interestingly,  in  the  Jones  study,  both  treatment  groups
achieved  improved  glycemic  control  after  four  months,  but  the
differences between the groups were not statistically significant. In the
present study, we noticed a significant decrease of the bleeding index
at the end of the subantimicrobial dose of doxycycline, a decrease that
continued with the 3 and 9 months evaluations after the end of the
SDD  therapy.  For  the  control  group,  at  3  months  we  noticed
significant  decreases  for  the  bleeding  index,  but  this  followed  a
growth trend at  3  and 9 months  after  the  completion of  the  SDD,
approaching the initial values. In patients who received treatment with
subantimicrobial  doses  with  doxycycline,  the  determination  of
probing depth at 3 months from baseline revealed lower values, but
did  not  reach  the  statistical  significance  threshold;  these  values  
continued  to  decrease  throughout  the  study,  the  difference  being
significant at the assessments from 6 and 12 months from the initial
moment.

The results of the study differ in some important aspects from
those  of  Grossi  et  al.  (1997).  In  our  study,  patients  who  took
doxycycline twice daily for three months had a reduction of HbA1c
from baseline to three months. In addition, all study subjects followed
stable  doses  of  hypoglycemic  agents  and  /  or  insulin,  while  the
condition of the drugs was not reported in the Grossi study. The Jones
study was able to consider concomitant medications, which may take
into  account,  in  part,  improvements  that  were  observed  in  both
treatment groups in that study. The differences between the SDD and
the control  group were noted in  the  6-  and 12-month assessments,
where,  for  the  group of  patients  with diabetes  who had undergone
subantimicrobial doses of doxycycline, HbA1c continued to decrease
for  the  group  of  patients  who  they  followed  only  conventional
therapy, these values began to grow, approaching the initial values.

For the control group, at 3 months, although the average value
of the probing depth was lower than the initial moment, this difference
was not statistically significant. Moreover, the values  have increased
in the 6 and 12 months assessments. When assessing the completion
of SDD therapy, the loss of periodontal clinical attachment was lower,
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but did not reach a clinical significance threshold. Importantly, in the
6 and 12 month evaluations we noticed a tendency to decrease these
values for the SDD group.

In  the  control  group,  consisting  of  patients  who  had  only
followed conventional therapy, the CAL decreased significantly at the
3 months assessment from the initial moment, but, as well as the other
evaluated periodontal parameters,  showed an upward trend in the 6
and 12 months evaluations, the last one revealing a greater value than
the original one. In larger studies (and longer, for example, 9 months)
of  periodontitis,  subantimicrobial  doxycycline  given  in  the  doses
reported in this study has proven to be a safe and useful adjunct to
conventional  periodontal  treatment  (Engebretson  &  Hey-Hadavib,
2011) and resulted in FDA approval of this regimen.

As described in a larger number of studies on SDD in non-
diabetic populations, no serious adverse events were observed in this
study and SDD appeared to be well tolerated. Therefore, the use of
SDD  appears  to  be  safe  and  effective  for  the  treatment  of  endo-
periodontal lesions in subjects with type 2 diabetes. However, these
data should be interpreted with caution, given the small sample size.
Clearly, larger studies are needed in subjects with type 2 diabetes to
confirm whether this treatment is safe and effective for the treatment
of endo-periodontal lesions in patients with type 2 diabetes and to test
whether  SDD  is  an  adjuvant  drug,  effective  in  the  treatment  of
diabetes.  It  also  remains  to  be  determined  whether  long-term
administration  of  SDD  is  safe  and  effective  in  reducing  the
complications of diabetes. However, based on these pilot data, these
longitudinal studies appear to be justified.

VIII.2.5 Conclusions
Subantimicrobial doses of doxycycline generated favourable

results  for  the  evaluated  periodontal  parameters  (bleeding  index,
probing depth and clinical  periodontal  attachment  loss)  and,  unlike
conventional therapy, these results were maintained over time.

Moreover, we have shown that adjunctive therapy with SDD
has a clear contribution to improving glycemic control in patients with
diabetes and endo-periodontal lesions, an improvement manifested by
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significantly  reducing  glycated  hemoglobin  levels  throughout  the
study (12 months).

In  addition,  therapy  with  subantimicrobial  doses  of
doxycycline  was  well  tolerated,  with  no  adverse  effects,  which
contributes to its recommendation in the therapeutic management of
the patient with diabetes and periodontal lesions.

CHAPTER IX. GENERAL CONCLUSIONS

Following the studies carried out in the research on the
means of investigation and therapeutic management of patients
with  endo-periodontal  lesions,  the  following  aspects  can  be
concluded:

1. The degree of periodontal impairment of patients with
endo-periodontal  syndrome,  although  of  high  severity,  is
comparable to that of patients with deep periodontitis; exception
are the furcation lesions that have higher values for patients with
endo-periodontal lesions. This fact is important from the point
of  view  of  the  clinical  and  surgical  management  of  these
patients,  which  becomes  much  more  complicated  and  with  a
more reserved prognosis.

2.  The values  of inflammatory molecules  in crevicular
fluid of patients  with periodontal  pathology reflect  the higher
degree  of  their  local  inflammation  compared  to  the  endo-
periodontal  healthy  patients.  Although  patients  with  severe
periodontitis and those with endo-periodontal syndrome showed
the highest values, the levels were significantly higher for the
latter,  giving  a  much  more  severe  molecular  image  than  the
other categories of patients.

3.  Following  the  serum  determinations  of
proinflammatory  molecules,  patients  with  endo-periodontal
lesions showed significantly higher values even in subjects with
severe periodontitis; these data indicate a much higher risk for
these  patients  to  develop  and  maintain  systemic  diseases,
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knowning the role that local inflammation can generate on the
general inflammatory status of the patient. Therefore, treatment
at  all  stages  of  these  patients  acquires  an  increased  level  of
complexity, even in cases of severe periodontitis.

4.  Following  the  analysis  of  the  efficacy  of
photoactivation therapy by three different methods as adjuvant
antibacterial therapy in patients with combined endo-periodontal
lesions,  we  have  shown  beneficial  results  on  periodontal
parameters (probing depth, clinical periodontal attachment loss
and  bleeding  on  probing)  only  in  the  cases  in  which  the
photosensitizer  was  used;  the  single  laser  therapy  gave  good
results  at  the  first  evaluation  (one  month  from  the  initial
moment), but the clinical evaluation at 3 months from the initial
moment detected a tendency to relapse.

5.  Laser  therapy  without  photosensitizing  agent  has
yielded acceptable results on pigmented bacteria species but has
been  shown  to  be  less  effective  than  laser  or  LED
photoactivation therapy using methylene blue or toluidine blue
O.  Therefore,  the  claim  that  the  therapy  is  supported
antimicrobial photodynamics with specific photosensitizers and
light  sources  is  effectively  bactericidal  for  endo-periodontal
pathogens.

6.  We  also  demonstrated  the  advantage  of  using  the
photosensitizing agent and the superior bactericidal effects of its
association with laser or LED; the advantages, however, were
similar  for both methods;  while  the use of laser + methylene
blue  resulted  in  a  greater  reduction  for  Porphyromonas
gingivalis in both the periodontal pocket and root canal, the use
of LED + blue toluidine O resulted in slightly more favorable
results  in  eradicating  Porphyromonas  endodontalis and
Prevotella intermedia. It is noteworthy that both methods led to
a  complete  eradication  of  Prevotella  nigriscens in  the
periodontal pocket and root canal, a result that was retained after
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three  months.  Also  of  great  importance  is  the  fact  that  the
photoactivation methods did not lead to an effective elimination
of  Tannerella  forsythia.  Thus,  the  essential  issue  of  the
microbiological diagnosis is raised in the complex approach of
the cases of endo-periodontal lesions, diagnosis that leads to the
appropriate choice of therapeutic means.

7. The data obtained from the evaluation of the efficacy
of the photoactivation therapy suggest the net advantages of its
use as an adjunctive treatment  in  treating patients  with endo-
periodontal  lesions,  noting that  the specific  choice  of  method
must be individualized for successful therapeutic results in each
particular case.

8. Subantimicrobial dose therapy of doxycycline resulted
in significant  improvements  in periodontal  parameters,  effects
that were maintained throughout the study, both in systemically
healthy subjects and in patients with diabetes. Also, the efficacy
in  time  of  this  adjunct  therapy  has  been  shown  for  matrix
metalloproteinase 8, matrix metalloproteinase 9, tissue inhibitor
of matrix metalloproteinases 1 but also on the ratios MMP-8 /
TIMP-1 and MMP-9 / TIMP-1, effects on which conventional
conventional  therapy  has  failed  to  generate  in  patients  with
endo-periodontal lesions.

9. Furthermore, we have shown that adjunctive therapy
with  SDD  has  a  clear  contribution  to  improving  glycemic
control in patients with diabetes and endo-periodontal lesions,
an improvement manifested by significantly reducing glycated
hemoglobin levels throughout the study (12 months).

10.  Subantimicrobial  dose  therapy  of  doxycycline  in
doses of 20mg twice daily for three months was well tolerated,
with no adverse effects;  thus, this therapeutic means is a safe
and effective option in the management of patients with endo-
periodontal lesions.
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CHAPTER X. ORIGINALITY OF THE STUDY.
PERSPECTIVES OFFERED BY THE THESIS

Although there  is  no conclusive  scientific  evidence  to
suggest that an infected root canal can act as a focal point for
infection at remote sites (except for systemically compromised
patients), the opposite has not been demonstrated, ie there is no
clear evidence to show that endodontic infections are an isolated
event with no effect on the rest of the body (Siqueira, 2011).

The possible connection between chronic inflammatory
oral processes of infectious origin and periodontal disease with
systemic  health  is  today  one  of  the  most  interesting  aspects
facing the medical and dental scientific community. A question
arose:  whether  direct  cell-to-cell  interactions  between
periodontal  or  endodontic  bacteria  and  host  cells,  as  well  as
between  different  human  cells  or  autocrine  and  paracrine
stimulation loops may influence the function of distant tissues
and  organs  that  result  in  pathogenesis  or  contribute  to  the
pathological mechanism of systemic diseases (Marton 2004).

The lack of scientific studies on this subject could mask
the  potential  risk  of  retention  of  teeth  with  chronic  apical
periodontitis  and  the  real  importance  and  health  benefits  of
endodontic treatments in patients, doctors and dentists (Segura-
Egea et al., 2012).

Evidence  of  microbial  involvement,  especially  of
pigmented  species,  such  as  Porphyromonas  gingivalis,
Prevotella  intermedia and  Prevotella  nigrescens,  in  the
etiopathogenesis  of  periodontal  inflammation  and  periapical
lesions  is  common  in  the  literature.  Photoactivation  therapy
(either  by laser  or  LED means,  with or without  the use of a
photosensitizing  agent)  has proven its  efficacy  as  a  means of
adjunctive  treatment  in  periodontal  and  endodontic  therapies,
but there is no data in the literature to evaluate the comparative
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efficiency  of  these  methods.  in  removing  the  microbial
component from endo-periodontal lesions. 

The  use  of  antimicrobial  photodynamic  therapy  can
reduce the signs of periodontal inflammation and alveolar bone
loss  in  experimentally  induced  periodontitis.  However,  two
studies showed a regression trend within 30 days after treatment
regarding the effects  on bone levels.  Consequently,  long-term
therapeutic  outcomes  should  be  further  evaluated  in  animal
models.

At a later stage, a comparison between the photodynamic
effects  of  nanoparticles  loaded  with  methylene  blue  and  free
methylene blue would be required.

An  alternative  use  for  antimicrobial  photodynamic
therapy  may  be  to  help  control  the  mechanical  plaque  and
achieve high-level eradication of bacteria in the oral cavity. A
"photobrush" system can be created by combining a brush that
emits LED light or or a low level laser light and a toothpaste /
mouth rinse that  includes the appropriate  photosensitizer.  The
periodic  use of  "photobrush" at  home or in dental  surgery to
achieve high levels of bacterial plaque control may impede the
development or progression of periodontal disease in the future
(Aoki et al., 2007).

There  is  still  limited  information  regarding the  use of
antimicrobial  photodynamic  therapy  in  endodontic  treatment.
However, this treatment option seems to be a promising adjunct
to the adjuvant. Further studies are needed to make more reliable
conclusions  about  the  use  of  PDT in  the  treatment  of  endo-
periodontal lesions.

Although  individual  biomarkers  have  been  studied  as
indicators of the evolution of periodontal disease, it is unlikely
that  an  autonomous  biomarker  will  present  with  a  level  of
specificity and sensitivity sufficiently high to meet the criteria of
a  diagnostic  tool.  Moreover,  in  the  case  of  combined  endo-
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periodontal lesions, there is a need for a diagnosis that includes
the evaluation of a complex of biological markers.

It is worth noting that the methods that measure the total
amount of matrix metalloproteinase-9 in a sample may lead to a
misinterpretation  of  the  association  of  this  enzyme  with
periodontal  lesions.  The limitations in using the total  level  of
enzymes can be overcome by calculating the selected enzyme
level relative to its inhibitor level and presenting it as an enzyme
/ inhibitor ratio.

Researchers  continuously  identify  and  test  the
"signatures" of complex periodontal disease, which will enable
accurate  diagnosis  and  improvement  of  individualized  care.
New technologies  are available  that are capable of measuring
salivary biomarker panels for accurate diagnosis and treatment
recommendations  for  periodontal  disease.  Because  specific
biomarkers for periodontal disease and evolution are determined
by longitudinal analysis, it appears that the technology is ready
to cope with scientific  discovery.  Both will  come together  to
allow  healthcare  providers  to  improve  the  prevention  and
treatment of periodontal disease through personalized treatment.

The  present  research  was  able  to  demonstrate  the
relationship between diabetes and endo-periodontal lesions, by
evaluating the periodontal status and the response to the initial
phase of periodontal therapy, associated with subantimicrobial
doses of doxycycline. The data provided by the study are all the
more important, as they provide information that we have not
been  able  to  find  in  the  specialized  literature  regarding  the
approach of the host's inflammatory response in patients  with
diabetes and periodontal lesions.

The ability to identify diabetic patients at increased risk
for  complications  would  lead  to  improved  treatment  and
prophylaxis, meaning that it would be directed more effectively
at subjects at high risk, among the increasing number of patients
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with diabetes. Furthermore, there is evidence to suggest that the
treatment and prophylaxis of oral infections would benefit from
maintaining  a  more  competent  diabetes  metabolism  control
(Grossi & Genco 1998).

The  additional  benefit  of  conventional  subgingival
debridement  generated  by  doxycycline  in  subantimicrobial
doses  is  due  to  the  strong  inhibition  of  extracellular  matrix
degradation,  even  in  severe  cases  of  periodontitis.  The  FDA
(Food  and  Drug  Administration)  approved  dose  for  sub-
antimicrobial  doxycycline  is  20  mg  twice  daily  for  up  to  9
months. Antimicrobial action and side effects of antibiotics (for
example, the emergence of antibiotic-resistant bacteria) do not
occur at the recommended therapeutic doses.

The  implications  of  this  study  have  far-reaching
potential if the results are confirmed in larger and longer-term
studies. First, SDD is a drug already approved for the adjuvant
treatment of periodontitis. As patients with type 2 diabetes have
an increased risk of periodontitis, increased use of this type of
therapy in the population will improve the results of periodontal
treatment and may lead to improvements in diabetes outcomes.
Second, as in the SDD studies in non-diabetic populations, we
did not  observe any increased  incidence  of  adverse events  in
patients with type 2 diabetes who had SDD for three months.
Third,  subjects took stable doses of oral  hypoglycemic agents
and / or insulin and no adverse events were observed, indicating
an apparent lack of adverse drug interactions between SDD and
these agents.

It  also  remains  to  be  determined  whether  long-term
administration  of  SDD  is  safe  and  effective  in  reducing  the
complications of diabetes. However, based on these pilot data,
these longitudinal studies appear to be warranted.

The  present  research  was  directed  to  find  the  most
appropriate  way  to  access  the  status  of  diabetes  in  patients,
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which would help both dentists  and general  practitioners  and
diabetic patients,  by identifying those who need urgent dental
treatment.
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