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Abstract. Aim of research was to evaluate and compare the 
clinical and microbiological effects of two different regimens 
of amoxicillin (AMX) and metronidazole (MTZ) combined 
with non‑surgical periodontal therapy in patients with chronic 
periodontitis (CP), and identify antibiotic‑resistant bacteria 
and changes in oxidative stress (OS). Forty-six patients with 
generalized CP were randomly assigned to group A [scaling 
and root planing within 24 h (SRP) + placebo for 7 days), 
group B [SRP + AMX + MTZ, both 500 mg three times 
daily (TID), 3 days), and group C [SRP + AMX + MTZ, both 
500 mg TID, 7 days). Periodontal pocket depth (PPD‑primary 
outcome), clinical attachment level  (CAL), full‑mouth 
bleeding scores (FMBS), plaque scores (FMPS), blood and 
subgingival plaque were assessed at baseline and after three 
months. OS was evaluated via derivatives of reactive oxygen 
metabolites (d‑ROMs) and assessments of biological antioxi-
dant potential (BAP). Bacterial profiling was performed by 
PCR. Antibiotic resistance was evaluated in cultures. PPD, 
CAL, number of sites with PPD ≥6 mm, their PPD, CAL and 
FMBS decreased (P<0.05) in all groups, as well as FMPS 
in groups A and B, and d‑ROMs in group C. There were 
significant differences among groups regarding decreases in 
the frequency of detection for Aa and Tf. For Aa, there were 
differences between groups A and C (P=0.048) and between 
groups B and C (P=0.048), but not between groups A and B; 

whereas for Tf, groups A and B were different from group C 
(P<0.001), but not from each other (P=0.920). No resistance 
to AMX was identified prior to treatment; two strains were 
resistant after treatment. Before treatment, 13 strains were 
resistant to MTZ, and 2 were resistant after. One strain in 
the same patient was sensitive prior to treatment, and later 
became resistant to both antibiotics. SRP with a 7‑day course 
of antibiotic therapy was more effective for improving clinical 
parameters, in decrease of detection of several periopathogens, 
and in improvement of OS when compared to a 3‑day regimen. 
Resistance was found in fewer strains after treatment than 
before.

Introduction

Homeostasis of tissues affected by periodontal disease is 
achieved by the mechanical removal of bacterial deposits on 
the surface of teeth by scaling and root planing (SRP) (1). 
However, this procedure cannot remove residual bacteria in 
root locations that are inaccessible to mechanical instrumen-
tation; therefore, subgingival biofilm cannot be completely 
eliminated  (2-4). The insufficient reduction of bacteria is 
associated with therapeutic failures, and the persistence of 
bacterial species after mechanical debridement has been 
associated with additional tissue destruction  (4-6). Under 
these conditions, the use of systemic antibiotics as an adjunct 
to initial periodontal therapy may be helpful, especially 
because the disruption of biofilm by mechanical instrumenta-
tion makes bacteria more susceptible to antibiotics (7). Until 
recently, the antibiotic combination of amoxicillin (AMX) 
plus metronidazole  (MTZ) administered for 7‑8 days has 
been the protocol most widely used to achieve clinical and 
microbiological efficacy (8‑18). However, despite the impres-
sive amount of research that has demonstrated the beneficial 
effects of the AMX + MTZ combination as an adjuvant to 
SRP, there is still no consensus in the literature concerning 
the optimal duration and antibiotic dosing. Various adjunc-
tive regimens of AMX + MTZ have been proposed. In the 

Clinical, microbiological and oxidative stress evaluation of  
periodontitis patients treated with two regimens of systemic  

antibiotics, adjunctive to non-surgical therapy:  
A placebo-controlled randomized clinical trial

SIMINA BOIA1,  MARIUS BOARIU2,  FLAVIA BADERCA3,  DARIAN RUSU1,  DELIA MUNTEAN4,   
FLORIN HORHAT4,  EUGEN-RADU BOIA5,  CLAUDIA BORZA6,  ANDREI ANGHEL7  and  ŞTEFAN-IOAN STRATUL1

Departments of 1Periodontology and 2Endodontics, Faculty of Dental Medicine, ‘Victor Babeş’ University of 
Medicine and Pharmacy; Departments of 3Histology, 4Microbiology, 5ENT, 6Pathophysiology and 7Biochemistry, 

Faculty of Medicine, ‘Victor Babeş’ University of Medicine and Pharmacy, 300041 Timişoara, Romania

Received May 30, 2019;  Accepted July 25, 2019

DOI: 10.3892/etm.2019.7856

Correspondence to: Dr Marius Boariu, Department of 
Endodontics, Faculty of Dental Medicine, ‘Victor Babeş’ University 
of Medicine and Pharmacy, 9  Bulevardul Revolutiei din  1989, 
300041 Timișoara, Romania
E-mail: boarium@yahoo.com

Key words: periodontitis, bacteria, root planing, antibiotics, 
antibiotic resistance, oxidative stress



BOIA et al:  CLINICAL, MICROBIOLOGICAL AND OXIDATIVE STRESS EVALUATION OF PERIODONTITIS5002

literature, the durations of systemic treatment with MTZ, AMX 
or their combination range from 7‑8 days (6,8,10,13‑16,19) to 
10‑14 days (20‑25). When both the duration of administration 
and the doses are considered, the variation in study design 
is even greater. The only exception appears to be the dose of 
AMX, which in the vast majority of studies is 500 mg per day, 
three times daily (TID) (12,17,18,20‑26). On the other hand, 
the recommended ideal dose of MTZ has been cited as 200, 
250, 400 or 500 mg TID (8,13,19‑24). Current authoritative 
textbooks of Periodontology based on reputed papers (27) still 
recommend using the 250 mg TID dose regimen of both AMX 
and MTZ to treat periodontal diseases (28). However, regard-
less of the dose and duration, it is important that antibiotics 
be taken at their minimum bactericidal concentration (29) to 
limit the risk for side effects and the development of microbial 
antibiotic resistance (4).

Antibiotics have paved the way for unprecedented 
medical and societal developments, and are now widely used 
by all health systems (31). In recent decades, the global emer-
gence of antimicrobial resistance has become a pre‑eminent 
concern among medical and public health professionals, as 
well as a widespread problem. The causative factors for this 
resistance remain uncontrolled, and national strategies to 
address the problem are lacking (32). Recently, substantial 
changes have been proposed to the adjuvant systemic anti-
biotic administration protocol used to treat patients with 
chronic periodontitis. In studies evaluating exclusively the 
change in clinical parameters in patients with chronic peri-
odontitis, the proposed changes have reduced the duration 
of antibiotic intake from 7 to 3 days, and increase the dose 
from 3 x 250‑375 mg/day to 3 x 500 mg/day (4,30). These 
modifications are controversial due to the possibility that 
periopathogenic bacteria might develop antibiotic resis-
tance. Currently, the antibiotic resistance of periopathogens 
exposed to adjunctive systemic antibiotics after SRP has been 
insufficiently addressed in the literature. Most investigators 
who have addressed this issue identified naturally resistant 
bacteria prior to periodontal therapy (33‑37). In the USA, 
patients with CP frequently harbor subgingival periodontal 
pathogens that display in  vitro resistance to therapeutic 
concentrations of antibiotics that are commonly used in 
clinical periodontal practice (33). Moreover, the different 
species of periodontal pathogens often have different 
susceptibilities to particular antibiotics  (38). Few authors 
have investigated the resistance of periopathogenic bacteria 
to antibiotics both before and after periodontal treatment. 
However, the existing studies show that despite the initial 
antibiotic resistance of some species, most periopathogens 
are sensitive to antibiotics during their administration, and 
systemic antibiotics reduce the number of resistant strains at 
the end of non‑surgical periodontal therapy, when compared 
with the initial situation (34,36,37).

In periodontal disease, pathogens such as Porphyromonas 
gingivalis, Treponema denticola, and Tannerella forsythia 
interact with the host organism and produce a systemic inflam-
mation, which affects the tissue balance through the action of a 
large number of cytokines and chemokines released by normal 
connective tissue residents such as mast cells, fibroblasts or 
by acquired connective tissue participants such as activated 
macrophages (39).

Recently, a Gram‑positive, non‑spore‑forming, nonmotile 
and strictly anaerobic rod (Slakia exigua) has been isolated 
and identified in periodontal and periapical infections, as 
well  (40). The induction of pro‑inflammatory cytokines, 
chemokines, and an enhanced immune response, through 
mast cell degranulation, with subsequent histamine and 
pro‑inflammatory cytokines release can amplify the inflam-
matory process and result in an increase in the number and 
activity of polymorphonuclear cells (PMNs) (41,42). PMNs 
produce reactive oxygen species (free radicals) via the 
respiratory burst mechanism as part of a defense response to 
infection (43). The deliberate generation of free radicals occurs 
during phagocytosis as part of the bactericidal reaction (44). 
The production of reactive oxygen species is a component of 
the bone resorption process that occurs during periodontal 
disease (41,43), and contributes to its aggravation. However, 
the source of reactive oxygen species and their role in the 
pathogenesis of periodontitis remain unclear (45). Studies in 
human subjects (46‑49) have revealed that periodontal disease 
is associated with systemic oxidative stress that induces some 
minor localized inflammation. Currently, the 3‑day systemic 
antibiotic adjunctive regimen used in non‑surgical periodontal 
therapy has been compared with a 7‑day regimen in only two 
studies conducted by the same investigators who only evalu-
ated changes in clinical periodontal parameters (4,30).

In this study, we compared various periodontal clinical 
parameters, microbiological changes, and systemic oxidative 
stress in patients with chronic periodontitis who received 
adjuvant systemic administration of AMX and MTZ following 
non‑surgical periodontal therapy. These comparisons were 
made between groups of patients who received short‑term 
(3 days) or long‑term (7 days) antibiotic treatment regimens. 
Additionally, we assessed changes in the resistance of subgin-
gival pathogens to the prescribed antibiotics before and after 
their use in periodontal treatment.

Patients and methods

Between October 2017 and August 2018, this prospective, 
placebo‑controlled, triple‑blinded, randomized clinical trial 
enrolled 46 subjects who were outpatients at the Clinic of 
Periodontology of the Faculty of Dental Medicine of the 
‘Victor Babeş’ University of Medicine and Pharmacy in 
Timișoara, Romania. The study protocol was approved by the 
Research Ethics Committee of the ‘Victor Babeş’ University 
of Medicine and Pharmacy (approval no.  06/07.05.2018). 
The study is registered in the ISRCTN Registry of Clinical 
Trials (ISRCTN12816166), and follows the guidelines 
described in the CONSORT 2010 statement on clinical 
trials. The study was conducted over a period of 14 months 
(October 2017‑December 2018) in accordance with principles 
outlined in the Declaration of Helsinki on experimentation 
involving human subjects. All subjects were informed about 
the nature and purpose of the study, and each subject signed an 
informed consent document giving permission for the dental 
procedures and sampling of biological material.

Patient population. The study population consisted of males 
and females (mean age, 46.24±12.81 years; range, 27‑80 years) 
who had clinical and radiographic signs of generalized chronic 
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periodontitis (CP), as described by Armitage in 1999 (50). 
The study eligibility criteria included the presence of at least 
10 natural teeth that were distributed in all four quadrants. 
Among the teeth, at least six had to exhibit one site with a pocket 
depth (PD) ≥5 mm at baseline. Subjects who had received peri-
odontal therapy or taken an antibiotic during the previous six 
months were excluded from the study. Other exclusion criteria 
included: any systemic disorder that might affect the progres-
sion and treatment of periodontal disease (eg. diabetes type 1 
or 2), taking a medication that might interact with amoxicillin 
or metronidazole (eg. coumarin derivatives, alcohol deriva-
tives, 5‑fluorouracil/disulfiram derivatives, oral solutions with 
amprenavir, lopinavir/ritonavir, methotrexate or tetracyclines, 
oral contraceptives, mebendazole, busulfan, timidazole, 
vitamin K antagonists, barbiturates and lithium), pregnancy 
and lactation. To be classified as a smoker, the subject had to 
report smoking >10 cigarettes per day (Tonetti et al 1995) (51).

Clinical measurements. All patients underwent a clinical 
and radiographic baseline (before therapy) examination 
that assessed the following parameters: Periodontal pocket 
depth  (PPD), clinical attachment level  (CAL), full mouth 
bleeding score (FMBS), and full‑mouth plaque score (FMPS). 
The evaluation results were recorded in a periodontal chart 
(http://www.periodontalchart‑online.com/uk/) that was 
subsequently saved in a pdf format, printed, and attached to 
the patient's observation file. Three months later, measure-
ments of PPD and the CAL were made at six sites per tooth 
(mesio‑buccal, buccal, disto‑buccal, disto‑lingual, lingual, 
and mesio‑lingual) at all teeth, excluding third molars, to the 
nearest millimeter with a periodontal probe (PCPUNC 15; 
Hu‑Friedy), and using the cement‑enamel junction (CEJ) as a 
reference point for CAL. When the CEJ was missing, measure-
ments were made by using the most apically located margin 
of the restoration as a reference point. Tooth mobility was 
assessed based on the Miller classification system (1985) (52), 
and furcation involvement (FI) was assessed by using a Nabers 
probe #2N hdl #7, markings: 3‑6‑9‑12 mm, (Hu‑Friedy®), with 
the results classified according to Hamp et al 1975 (53).

After completing the measurements, all pockets with 
PPD ≥4 mm were scaled and root planed under local anes-
thesia with Gracey curettes (Hu‑Friedy®) and ultrasonic 
instruments (Piezon® 250; Electro Medical Systems SA) by 
the same clinician (SB) who followed the protocol used for 
One‑Stage Full‑Mouth Disinfection‑OSFMD (54). As home 
care, the patients were advised to rinse their mouth twice 
daily for 2 min with a 0.2% chlorhexidine digluconate solution 
(Dentaton; Ghimas S.p.A.) for 14 days.

Randomization, blinding, and treatment allocation. At the 
end of the non‑surgical therapy session, one investigator (the 
randomizer, SIS) used a number generator (www.random.org) 
to assign each patient to one of three treatment groups. Each 
position on the randomization list was associated with a medi-
cation package number that corresponded to a pre‑packed 
medication bag that contained instructions for medication 
intake. One bag was handed to each patient. The patients in 
group A (control group, n=14) received non‑surgical peri-
odontal treatment plus treatment with placebos for 7 days. 
Patients in group B (n=16) received non‑surgical periodontal 

treatment combined with the systemic administration of AMX 
and MTZ (SRP + AMX + MTZ; 500 mg, TID) for 3 days, 
followed by treatment with placebos for 4 days. Patients in 
group C (test group, n=16) received non‑surgical periodontal 
treatment combined with SRP + AMX + MTZ (500 mg TID) 
for 7 days.

Each medication bag contained four identical vials, and 
each vial contained tasteless and identical types of capsules. 
Each vial was numbered, and the patient was instructed to 
take one capsule from each vial every 8 h as follows: from 
vials no. 1 and 2 during the first 3 days after SRP, and from 
vials no. 3 and 4 during the following 4 days. The placebo 
group (group A) had only placebo capsules in all the vials. 
Group B had AMX and MTZ in vials no. 1 and 2, and placebo 
in vials no. 3 and 4. Group C had AMX and MTZ in all four 
vials. The medication bags were prepared by the pharmacy 
of the University of Medicine and Pharmacy ‘Victor Babeş’. 
A followup appointment was scheduled for 2 weeks after 
each patient had begun taking their medication. During that 
appointment, each patient was asked whether they had expe-
rienced any adverse reaction or breached the study's inclusion 
criteria. The SB, the SIS and the patients were blinded against 
the antibiotic regimens.

Microbiological sampling. During the initial evaluation, 
samples of subgingival plaque were collected from the deepest 
periodontal pockets in each quadrant and used to identify 
the existing bacterial strains and their resistance to systemic 
antimicrobial agents prior to treatment. This protocol was 
repeated at the three‑month re‑evaluation to assess post‑treat-
ment bacterial suppression and identify strain resistance after 
long‑ or short‑term antibiotic intake periods. Samples were 
collected by using eight sterile paper points (ProTaper Next® 
Paper Points X2; Dentsply Sirona) that were inserted into the 
gingival sulcus after having removed any supragingival plaque 
with sterile cotton gauzes, isolated the site with cotton rolls, 
and taken measures to avoid contamination with saliva. After 
the targeted tooth surface was dried with a gentle air spray, 
the paper points were left in situ for 30 sec until they were 
completely soaked.

Eight paper points were inserted in each patient, and 
four of those paper points were inserted into sterile sealed 
Eppendorf tubes and sent for polymerase chain reaction (PCR) 
testing that was performed with a commercial Micro‑Ident® 
Kit (Hain Lifescience GmbH). The samples were tested for the 
following bacterial strains: Aggregatibacter actinomycetem‑
comitans  (Aa), Porphyromonas gingivalis  (Pg), Prevotella 
intermedia (Pi), Tanererella forsythia (Tf ), and Treponema 
denticola (Td). The PCR testing was conducted at the labo-
ratories of the Department of Biochemistry of the ‘Victor 
Babeş’ University of Medicine and Pharmacy. Following 
15 min of vortex mixing at room temperature, the cones were 
removed and the eluates clarified by centrifugation for 5 min 
at 3,000 x g at 23˚C. The samples were stored for 1 day at 
‑20°C, and then at ‑80˚C until a microbiological analysis was 
performed no more than 30 days later.

Genetic identification of periodontopathogenic bacterial 
species and assessment of antimicrobial resistance. DNA was 
extracted by using a QIAamp DNA Micro Kit (Qiagen GmbH) 
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according to the manufacturer's protocol. The absolute yield 
and quality of the extracted DNA were assessed by using a 
NanoDrop  ND‑1000 spectrophotometer (Thermo Fisher 
Scientific Inc.). Semiquantitative assessments of bacteria were 
performed using a commercial testkit‑system (micro‑IDent 
plus; Hain Lifescience GmbH). Amplification was performed 
in a thermocycler (Thermo Fisher Scientific Inc.) and using 
HotStar Taq polymerase (Qiagen GmbH). Results were 
recorded and classified into the following categories: 0, 
nondetectable; 1, 104 (103 for Aa); 2, 104‑105 (103‑104 for Aa); 
3, 105‑106 (104‑105 for Aa); and 4, >107 (106 for Aa).

The other four paper points were placed in vials that 
contained thioglycolate and resazurin (bioMérieux®) and 
sent to the laboratories of the Department of Microbiology 
within 1 h after sampling. The inoculated thioglycolate tubes 
were agitated for 30 sec, and the homogenized samples were 
seeded into Columbia‑agar plates and Schaedler‑agar plates 
(bioMérieux®) (0.2 ml per plate). For Aa, TSBV (Triptic Soy‑
Serum‑Bacitracin‑Vancomycin‑Agar) (55) plates were used. 
After seeding, the plates were incubated under anaerobic 
conditions at 37˚C (GENbag anaero; bioMérieux) for 48 h, 
after which, they were re‑incubated and evaluated for 7 days. 
The different strains of bacteria were identified by using 
ViteK2 ANC Kits (bioMérieux®) (as recommended in similar 
identification protocols)  (56,57), and Rapid  ID 32A Kits 
(bioMérieux®). Bacterial resistance to antibiotics was evaluated 
by comparing the identified bacterial strains, at baseline and at 
three months. The minimum inhibitory concentrations (MICs) 
for AMX and MTZ were determined by using the Epsilometer 
technique (E‑test®; AB Biodisk), on Brucella Blood Agar 
plates (bioMérieux®). The MIC values were expressed in units 
of µg/ml and were determined by evaluating a drug concentra-
tion range of 0.02 to 256 µg/ml, and are expressed in units 
of µg/ml. A control strain (Bacteroides fragilis, ATCC 25285, 
Thermo Fisher Scientific) was also tested for its identification 
and sensitivity to the antibiotics.

Oxidative stress assessment. Blood samples (1.3 ml) were 
collected from the antecubital vein between 8:00  a.m. 
and 10:00 a.m., and transported to the laboratories of the 
Department of Pathophysiology of the ‘Victor Babeş’ 
University of Medicine and Pharmacy within one hour after the 
venipuncture. The samples were centrifuged for 10 min at 20˚C 
at 2,057 x g. The supernatant was collected in an Eppendorf 
tube and stored at ‑80˚C until analysis. The derivatives reac-
tive oxygen metabolites (d‑ROM) test and biologic antioxidant 

potential  (BAP) test were used to analyze reactive oxygen 
metabolites and biological antioxidant potential, respectively, 
by use of photometric methods (Diacron International®).

Supportive periodontal treatment (SPT). SPT was performed 
by the same clinician (SB) in all patients on a three‑month 
follow‑up basis, The SPT consisted of supra‑ and subgingival 
debridement by use of ultrasonic mechanical instrumenta-
tion and prophylactic powder AIR FLOW® CLASSIC 
powder (EMS) at all sites, in order to enhance biofilm removal. 
During the follow‑up appointment, various clinical parameters 
(PPD, CAL, FMPS, FMBS, FI, and tooth mobility), biochem-
ical parameters (d‑ROM and BAP), and microbiological 
changes (Aa, Pg, Pi, Tf, Td and bacterial resistance) were 
recorded. If necessary, individual oral hygiene was reinforced.

Intra‑examiner reproducibility. In order to evaluate the 
intra‑examiner reproducibility of clinical data, five subjects 
who were not involved with the study but satisfied the enroll-
ment criteria were evaluated on two occasions, 24 h apart. 
The intraclass correlation coefficient (ICC) was used to assess 
the agreement of findings, based on the PD measurements. 
The ICC was calculated using the R package irr  (59). An 
intra‑examiner agreement of 0.989 (95% CI, 0.916‑0.999) was 
found.

Statistical analysis. All statistical analyses were performed 
using R software, v. 3.4.0 (58). Comparisons of clinical and 
microbiological parameters were performed within each 
group (between the baseline and 3‑month re‑evaluation), and 
also between groups. Changes between appointments (Δ) were 
calculated as the difference between the initial and final value 
of each parameter. The primary outcome was the intergroup 
difference in reduction of PPD after intervention, while CAL, 
FMPS, FMBS, number of sites with a PPD ≥6 mm (considered 
deep periodontal pockets), and the microbiological parameters 
were regarded as secondary outcomes. In order to achieve 
80% power for detecting a significant mean difference of 
1 mm in the reduction of PPD between groups (assuming a 
common standard deviation of 0.75 mm and given significance 
level α=0.05), at least 14 patients needed to be included in 
each group. The Pitman asymptotic relative efficiency correc-
tion was applied in the sample size computation to account 
for the use of nonparametric comparison tests. Changes in 
the frequency of detection of major periopathogens were 
analyzed to evaluate the microbiological status of the patients. 

Table I. Patient demographic characteristics at baseline and P-values.

Characteristics	 Group A	 Group B	 Group C	 P-value

Number of patients (no.)	 14	 16	 16	 -
Age (years)	 46.71±12.99	 51.88±14.51	 40.19±7.90	 0.052a

(min-max)	 (30-67)	 (33-80)	 (27-54)
Females (%)	 9 (64.29)	 5 (31.25)	 9 (56.25)	 0.21b

Smokers (%)	 4 (28.57)	 7 (43.75)	 2 (12.50)	 0.147b

aKruskal-Wallis test; bFisher exact test for proportions.
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Inter‑group comparisons were made using Kruskal‑Wallis 
tests with post‑hoc Mann‑Whitney tests for quantitative and 
ordinal variables, and Fisher exact tests for proportions. The 
Benjamini‑Hochberg method was used to adjust P‑values in 
multiple comparisons. Additionally, comparisons among 
groups regarding changes that occurred in various parameters 
between appointments after adjusting for baseline values 
and smoking were made by rank‑based ANCOVA (60) as 
performed with the R package npsm  (61). The absence of 
interactions between groups and covariates (i.e. homogeneity 
of regression slopes) was tested before considering adjusted 
inference. Intra‑group comparisons of clinical and biochem-
ical parameters and detection scores of pathogen species (Aa, 
Pg, Pi, Td, Tf) between the baseline and 3 month re‑evaluation 
time-points, were performed using Wilcoxon Signed Rank 
tests. In all analyses, a P‑value <0.05 was considered to be 
statistically significant.

Results

Patient population. The patient demographic characteristics are 
described in Table I. The study enrolled 46 patients (23 females 

and 23 males) with a mean age of 46.24±12.81 years. Among 
the enrolled patients, 28.26% were smokers. No patient with-
drew from the study during its investigational period (Fig. 1), 
and no adverse events attributable to treatment were reported.

Changes in clinical parameters. The PPD, CAL, and FMBS 
values, the incidence of deep pockets (PPD  ≥6  mm) and 
the corresponding CAL, and the number of sites with a 
PPD ≥6 mm, all showed significant changes between the 
initial and final evaluation in all three treatment groups. We 
also found significant decreases in FMPS in groups A and B, 
but not in group C (Table II). The mean baseline values for the 
clinical parameters in the different study groups are shown 
in Table III.

The baseline values for PPD and CAL showed significant 
differences between groups (Table III). Post‑hoc Mann‑Whitney 
tests revealed that the PPD values in group A were lower than 
those in groups B and C (P=0.041 in both cases), whereas the 
baseline PPD values in groups B and C were similar (P=1). 
Moreover, the values for CAL in group A were lower than 
those in groups B and C (P=0.041 in both cases), and the 
latter two groups showed no significant difference in CAL 

Figure 1. Flow-chart of the study protocol. SRP, scaling and root planing; AMX, amoxicillin; MET, metronidazole; PCR, polymerized-chain reaction; 
d-ROM, derivatives of reactive oxygen metabolites; BAP, biological antioxidant potential; TID, three times daily.



BOIA et al:  CLINICAL, MICROBIOLOGICAL AND OXIDATIVE STRESS EVALUATION OF PERIODONTITIS5006

values (P=0.664). Table IV shows a comparison of changes 
that occurred in the different groups between the baseline and 
3 months re‑evaluation time-points. While more pronounced 
changes in PPD, CAL and FMBS, and greater decreases in 
PPD and CAL in initial deep sites were associated with a longer 
course of antibiotic intake, those differences were not statisti-
cally significant. There were, however, significant differences 
between groups with regard to the decrease in the number of 
sites with a PPD ≥6 mm. Post‑hoc tests showed these differ-
ences were due to a greater decrease in group C than in group A 
(P=0.023); however, the differences between groups A and B, 

and between groups B and C, were not statistically significant 
(P>0.05 in both cases). The absence of interactions between 
groups and covariates was tested in all rank‑based analyses 
of covariance, and was confirmed in all cases, except for the 
change in the number of sites with a PPD ≥6 mm (P=0.028). 
Therefore, there was a significant interaction between groups 
and covariates in that case, which can be visualized in Fig. 2. 
In groups A and B, when using a fixed baseline value for the 
number of sites with a PPD ≥6 mm, the decrease in the number 
of sites with a PPD ≥6 mm after treatment was greater for 
smokers than for nonsmokers. Furthermore, that decrease 

Table III. Clinical characteristics of patients at baseline and the p-values for comparisons between treatment groups (Kruskal‑Wallis 
test).

Characteristics	 Group A	 Group B	 Group C	 P-value

PPD (mm)	 3.11±0.96	 3.71±0.77	 3.75±0.86	 0.027a

CAL (mm)	 3.47±1.19	 4.38±1.19	 4.56±1.89	 0.033a

FMPS (%)	 28.14±29.48	 49.62±34.29	 30.38±27.06	 0.139
FMBS (%)	 32.86±20.26	 39.12±26.64	 38.00±21.58	 0.749
Mean number of sites with PPD 6 mm	 12.36±17.59	 18.69±24.43	 20.25±14.14	 0.095
PPD of sites with PPD ≥6 mm	 6.26±0.39	 6.56±0.85	 6.55±0.43	 0.170
CAL of sites with PPD ≥6 mm	 6.44±0.75	 6.63±0.88	 7.19±1.88	 0.203

Quantitative data are expressed as the mean±standard deviation. aP<0.05 a significant correlation. PPD, periodontal pocket depth; CAL, clinical 
attachment level; FMPS, full-mouth plaque score; FMBS, full-mouth bleeding score. 

Table II. Intra-group comparisons of clinical parameters before and after treatment, and the P-values of differences (Wilcoxon 
test).

Parameters	 Study group	 Baseline	 3-months re-evaluation	 P-value

PPD (mm)	 A	 3.11±0.96	 2.70±0.53	 0.007a

	 B	 3.71±0.77	 3.14±0.82	 0.002a

	 C	 3.75±0.86	 3.04±0.71	 <0.001a

CAL (mm)	 A	 3.47±1.19	 3.08±0.73	 0.017a

	 B	 4.38±1.19	 3.83±1.16	 0.001a

	 C	 4.56±1.89	 3.83±1.58	 <0.001a

FMPS (%)	 A	 28.14±29.47	 11.50±12.91	 0.004a

	 B	 49.62±34.29	 25.25±22.26	 0.006a

	 C	 30.38±27.06	 21.56±20.77	 0.083
FMBS (%)	 A	 32.86±20.26	 16.79±10.53	 0.002a

	 B	 39.12±26.64	 19.81±11.20	 0.010a

	 C	 38.00±21.58	 15.75±9.55	 <0.001a

Number of sites with PPD ≥6 mm	 A	 12.36±17.59	 4.21±5.32	 0.004
	 B	 18.69±24.43	 7.56±11.27	 <0.001a

	 C	 20.25±14.14	 4.31±5.57	 <0.001a

CAL of sites with PPD ≥6 mm	 A	 6.44±0.75	 4.97±1.04	 0.002a

	 B	 6.63±0.88	 4.55±1.34	 0.001a

	 C	 7.19±1.88	 4.95±1.59	 <0.001a

Values are presented as the mean ± SD. aP<0.05 a significant correlation. PPD, periodontal pocket depth; CAL, clinical attachment level; 
FMPS, full-mouth plaque score; FMBS, full-mouth bleeding score.
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was more pronounced in group C than in the first two groups, 
which showed no significant difference between smokers and 
nonsmokers.

Changes in microbiological parameters. The detection scores 
for Aa, Pg, Pi, Tf and Td at baseline were not significantly 
different among the different treatment groups (P>0.05 for all 
species). In general, the detection scores for those pathogens 
remained stationary or decreased over time, with only a few 
exceptions, namely in the case of Aa (1 patient in group A 
and 1 patient in group B) and Pi (1 patient in group A and 
1 patient in group B). The decreases in detection scores for 
Pg, Tf and Td in all three groups, and for Pi in groups B and 
C were statistically significant. Significant differences among 
groups were found regarding changes that occurred in the 

detection frequency scores for Aa and Tf between baseline and 
the 3‑month re‑evaluation (Table VI). For Aa, Mann‑Whitney 
tests showed differences between groups A and C (P=0.048) 
and between groups B and C (P=0.048), but not between 
groups A and B; whereas for Tf, groups A and B were found 
to be different from group C (P<0.001 in both cases), but not 
from each other (P=0.920) (Table V).

Evaluation of bacterial resistance. A total of 69 bacterial 
isolates were identified in the bacterial cultures (average of 1.5 
isolates per patient), and the isolates showed the following 
distribution pattern: Parvimonas micra 17.39%, Prevotella 
intermedia  17.39%, Actinomyces naeslundii 13.04%, 
Peptoniphilus assacharolyticus 7.24%, Porphyromonas gingi‑
valis 5.79%, Propionibacterium propionicus 4.34%, Gemella 
morbillorum, Veillonella  spp., Fusobacterium nucleatum, 
Prevotella bivia, Anaerococcus prevotii, Actinomyces 
israeli  2.89% each, and Bacteroides fragilis, Clostridium 
perfringens, Streptococcus parasanguinis, Streptococcus 
agalactiae, Peptostreptococcus anaerobius, Bacteroides 
ureolyticus, Actinomyces viscosus, Clostridium clos‑
tridioforme, Eubacterium limosum, Pseudomonas stutzeri, 
Peptostreptococcus anaerobius, Streptococcus oralis, 
Streptococcus mitis, Prevotella disiens, Bacteroides spp. ‑ 
below 2% each. The antimicrobial susceptibility (MIC range), 
percentage of susceptible, and the intermediate and resistant 
strains of the different species identified at baseline are 
presented in Table VI.

At the three‑month reassessment, the total number of 
isolates was considerably reduced; however, 27  species 
could still be identified: Actinomyces naeslundii 22.22%, 
Peptoniphilus assacharolyticus 14.81%, Propionibecterium 
propionicus 11.11%, Actinomyces israelii, Veillonella  spp. 
and Prevotella intermedia 7.40% each. Parvimonas micra, 
Porphyromonas gingivalis, Gemella morbillorum, Clostridium 
perfringens, Prevotella bivia, Peptostreptococcus anaerobius, 
Eubacterium limosum, and Anaerococcus prevotii were less 
than 1.4% each. The antimicrobial susceptibility (MIC range), 
percentage of ‘susceptible’, ‘intermediate’ and ‘resistant’ 
strains of the different species identified at 3 months are 
presented in Table VII.

Figure 2. Scatterplot and regression lines showing the relation between 
the changes at three months in the number of sites with a PPD ≥6 mm and 
the baseline number of sites with a PPD ≥6 mm for group A, nonsmokers 
(black), smokers (red); group B, nonsmokers (blue), smokers (light blue); 
group C, nonsmokers (gray), smokers (green).

Table IV. Changes in clinical characteristics between baseline and after three months, and the P-values for comparisons between 
groups (Kruskal-Wallis test).

Characteristics	 Group A	 Group B	 Group C	 p1	 p2

ΔPPD (mm)	 0.41±0.63	 0.57±0.54	 0.71±0.49	 0.117	 0.753
ΔCAL (mm)	 0.39±0.63	 0.55±0.47	 0.73±0.67	 0.135	 0.282
ΔFMPS (%)	 16.64±19.11	 24.38±28.97	 8.81±26.18	 0.490	 0.322
ΔFMBS (%)	 16.07±15.28	 19.31±24.21	 22.25±17.18	 0.537	 0.769
Δ mean number of sites with PPD 6 mm	 8.14±12.87	 11.12±16.84	 15.94±11.74	 0.053	 0.050a

ΔPPD of sites with PPD ≥6 mm	 1.58±0.96	 1.78±0.98	 2.07±0.79	 0.321	 0.518
ΔCAL of sites with PPD ≥6 mm	 1.46±0.91	 1.64±1.05	 2.24±1.10	 0.164	 0.313

aP<0.05 a significant correlation. p1, P-values corresponding to Kruskal-Wallis tests for comparisons between groups; p2, P-values of tests 
for the group effect on ΔX as determined by one-way rank-based ANCOVA, while controlling for baseline X and smoking. PPD, periodontal 
pocket depth; CAL, clinical attachment level; FMPS, full‑mouth plaque score; FMBS, full-mouth bleeding score.
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Table V. Detection scores for the species Aa, Pg, Pi, Tf, Td at baseline and after 3 months in the three groups.

	 Group A	 Group B	 Group C
	 ------------------------------------------------	 ----------------------------------------------	 ----------------------------------------------	 P-valuec

	 Detection	 Baseline	 3 months	 Baseline	 3 months	 Baseline	 3 months	 Kruskal-
Species	 score	 n (%)	 n (%)	 n (%)	 n (%)	 n (%)	 n (%)	 Wallis test

Aa	 0	 14 (100)	 13 (92.86)	 15 (93.75)	 15 (93.75)	 12 (75)	 15 (93.75)	 0.017a

	 1	 -	 -	 1 (6.25)	 -	 -	 1 (6.25)
	 2	 -	 -	 -	 1 (6.25)	 1 (6.25)	 -
	 3	 -	 1 (7.14)	 -	 -	  3 (18.75)	 -
	 4	 -	 -	 -	 -	 -	 -
	 P-valueb	 1	 1	 0.095
	 Wilcoxon tests
	 for intra-group
	 comparison
Pg	 0	 -	   3 (21.43)	 -	   4 (25)	 2 (12.5)	 13 (81.25)	 0.155
	 1	 12 (85.71)	 11 (78.57)	 12 (75)	 12 (75)	 13 (81.25)	   3 (18.75)
	 2	   2 (14.29)	 -	   4 (25)	 -	 1 (6.25)	 -
	 3	 -	 -	 -	 -	 -	 -
	 4	 -	 -	 -	 -	 -	 -
	 P-valueb	 0.037a	 0.006a	 0.002a

	 Wilcoxon tests
	 for intra-group
	 comparison
Pi	 0	 6 (42.86)	 10 (71.43)	   5 (31.25)	 11 (68.75)	 4 (25)	 11 (68.75)	 0.443
	 1	 8 (57.14)	   4 (28.57)	 11 (68.75)	   5 (31.25)	 10 (62.5)	   5 (31.25)
	 2	 -	 -	 -	 -	  2 (12.5)	 -
	 3	 -	 -	 -	 -	 -	 -
	 4	 -	 -	 -	 -	 -	 -
	 P-valueb	 0.129	 0.041a	 0.003a

	 Wilcoxon tests
	 for intra-group
	 comparison
Tf	 0	 -	 1 (7.14)	 -	 1 (6.25)	 1 (6.25)	 10 (62.50)	 <0.001a

	 1	   4 (28.57)	 7 (50)	   5 (31.25)	   7 (43.75)	   5 (31.25)	   6 (37.50)
	 2	   9 (64.29)	 5 (35.72)	   9 (56.25)	 8 (50)	   5 (31.25)	 -
	 3	 1 (7.14)	 1 (7.14)	 2 (12.5)	 -	   5 (31.25)	 -
	 4	 -	 -	 -	 -	 -	 -
	 P-valueb	 0.037a	 0.048a	 <0.001a

	 Wilcoxon tests
	 for intra-group
	 comparison
Td	 0	 -	 7 (50)	 -	 8 (50)	   2 (12.5)	 14 (87.5)	 0.344
	 1	 14 (100)	 7 (50)	 15 (93.75)	 8 (50)	 14 (87.5)	   2 (12.5)
	 2	 -	 -	 1 (6.25)	 -	 -	 -
	 3	 -	 -	 -	 -	 -	 -
	 4	 -	 -	 -	 -	 -	 -
	 P-valueb	 0.011a	 0.003a	 <0.001a

	 Wilcoxon tests
	 for intra-group
	 comparison

aDenotes a statistically significant change; bWilcoxon tests for intra-group comparisons of pathogen detection scores at successive time-points, 
P<0.05; cKruskal-Wallis tests for inter-group comparisons of differences between patients' initial and 3-month pathogen detection scores, 
P<0.05. Aa, Aggregatibacter actinomycetemcomitans; Pg, Porphyromonas gingivalis; Pi, Prevotella intermedia; Tf, Tanererella forsythia; 
Td, Treponema denticola. Data are presented as n (%).
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There was no resistance to AMX prior to treatment; 
however, after treatment, one strain of Actinomyces israelii 
(group A) and one strain of Anareroccocus prevotii (group C) 
were found to be resistant. The latter strain was identified in the 
same patient in group C, and was classified as being antibiotic 

sensitive prior to treatment, but later became resistant to both 
AMX and MTZ.

Resistance to MTZ prior to treatment was identified in 
a total of 13 strains (5 in group A, 5 in group B and 3 in 
group C): 5 strains of Parvimonas micra (1 in group A, 2 in 

Table VI. Antimicrobial susceptibility of the periodontal isolates at baseline.

	 %
	 -----------------------------------------------------------------------------
Microorganism and antibiotics	 Range of MIC (mg/l)	 S	 I	 R

Parvimonas micra (N=12)
  AMX	 ≤0.047-0.125	 100	 0	 0
  MTZ	 ≤038-64	 58.3	 0	 41.6
Prevotella intermedia (N=12)
  AMX	 ≤0.064-0.125	 100	 0	 0
  MTZ	 ≤0.5-3	 100	 0	 0
Actinomycens naeslundii (N=9)
  AMX	 ≤0.023-0.125	 100	 0	 0
  MTZ	 ≤0.5-64	 55.6	 0	 44.4
Peptoniphilus assayarolyticus (N=5)
  AMX	 ≤0.125-0.47	 100	 0	 0
  MTZ	 ≤1-4	 100	 0	 0
Porphyromonas gingivalis (N=4)
  AMX	 ≤0.125-0.23	 100	 0	 0
  MTZ	 ≤0.5-1.5	 100	 0	 0
Propionibacterium propionicus (N=3)
  AMX	 ≤0.125-0.19	 100	 0	 0
  MTZ	 ≤1-32	 66.6	 0	 33.3
Gemella morbillorum (N=2)
  AMX	 ≤0.064-0.19	 100	 0	 0
  MTZ	 ≤1-32	   50	 0	 50
Veillonella spp. (N=2)
  AMX	 ≤0.064-0.125	 100	 0	 0
  MTZ	 ≤2-3	 100	 0	 0
Fusobacterium nucleatum (N=2)
  AMX	 ≤0.125-0.5	 100	 0	 0
  MTZ	 ≤1.5-3	 100	 0	 0
Prevotella bivia (N=2)
  AMX	 ≤0.125-0.19	 100	 0	 0
  MTZ	 1	 100	 0	 0
Anaerococcus prevotii (N=2)
  AMX	 ≤0.064-0.125	 100	 0	 0
  MTZ	 ≤0.5-64	   50	 0	 0
Other (N=15)a

  AMX	 ≤0.047-0.5	 100	 0	 0
  MTZ	 ≤0.5-32	 93.3	 0	 6.6

aBacteroides fragilis, Clostridium perfringens, Streptococcus parasanguinis, Streptococcus agalactiae, Peptostreptococcus anaerobius, 
Bacteroides ureolyticus, Actinomyces viscosus, Clostridium clostridioforme, Eubacterium limosum, Pseudomonas stutzeri, Peptostreptococcus 
anaerobius, Streptococcus oralis, Streptococcus mitis, Prevotella disiens and Bacteroides  spp. MIC, minimal inhibitory concentration; 
AMX, amoxicillin; MTZ, metronidazole; S, susceptible; I, intermediate; R, resistant.
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group B, 2 in group C), 4 of Actinomyces naeslundii (3 in 
group A and 1 in group B), 1 of Bacteriodes spp. (group A), 1 
of Gemella morbillorum (group B), 1 of Propionibacterium 
propionicum (group  B), and 1 of Anerococcus prevotii 
(group C).

Resistance to MTZ after treatment was found in one 
strain of Pi (group A) and one strain Anareroccocus prevotii 
(group C).

Changes in oxidative stress balance. There was a statistically 
significant decrease in the mean d‑ROM values in group C, 
when compared with the mean baseline values (Table VIII).

There were also significant differences between groups with 
respect to changes in d‑ROM values (Table IX). The decreases 
in mean d‑ROM values in group C were significantly greater 
than those in groups A (P=0.012) and B (P=0.025); however, 
there was no difference between groups A and B (P=0.525).

TableVII. Antimicrobial susceptibility of the periodontal isolates at the 3-month re-evaluation.

	 %
	 -----------------------------------------------------------------------------
Microorganism and antibiotics	 Range of MIC (mg/l)	 S	 I	 R

Actinomyces naeslundii (N=6)
  AMX	 ≤0.064-0.5	 100	 0	 0
  MTZ	 ≤0.5-1	 100	 0	 0
Peptoniphilus assacharolyticus N=(4)
  AMX	 0.125	 100	 0	 0
  MTZ	 ≤1-4	 100	 0	 0
Propionibacterium propionicus (N=3)
  AMX	 ≤0.032-0.125	 100	 0	 0
  MTZ	 ≤1.5-32	 100	 0	 0
Actinomyces israelli (N=2)
  AMX	 ≤0.125-4	   50	 0	 50
  MTZ	 ≤1-4	 100	 0	 0
Veillonella spp. (N=2)
  AMX	 ≤0.032-0.12	 100	 0	 0
  MTZ	 1.5	 100	 0	 0
Prevotella intermedia (N=2)
  AMX	 0.125	 100	 0	 0
  MTZ	 ≤4-32	   50	 0	 50
Other (N=8)a

  Amoxicillin	 ≤0.032-6	 87.5	 0	 12.5
  Metronidazole	 ≤2-64	 87.5		  12.5

aParvimonas micra, Porphyromonas gingivalis, Gemella morbillorum, Clostridium perfringens, Prevotella bivia, Peptostreptococcus anaero‑
bius, Eubacterium limosum and Anaerococcus prevotii. MIC, minimal inhibitory concentration; AMX, amoxicillin; MTZ, metronidazole; 
S, susceptible; I, intermediate; R, resistant.

Table VIII. Intra-group comparisons of the oxidative stress values before and after treatment, and the P-values of differences 
(Wilcoxon tests).

Oxidative stress characteristics	 Study group	 Baseline	 3-months re-evaluation	 P-value

d-ROMs (Carratelli units)	 A	 499.50±114.24	 498.40±126.84	 0.903
	 B	 523.60±127.75	 495.70±109.99	 0.130
	 C	 550.40±139.73	 429.60±127.09	 <0.001a

BAP (µmol/l)	 A	 1839±480.49	 1879±527.45	 0.903
	 B	 1853±473.36	 1814±482.59	 0.597
	 C	 1995±688.54	 2072±509.07	 0.117

Values are presented as the mean ± SD. d-ROM, derivatives of reactive oxygen metabolites; BAP, biological antioxidant potential. aDenotes a 
statistically significant change.
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Significant positive linear associations were found only 
in group C, and those occurred between changes in d‑ROM 
values and the number of sites with a PPD ≥6 mm. Negative 
linear associations were found between d‑ROM changes and 
changes in FMPS.

Discussion

To the best of our knowledge, this is the first study to investi-
gate the clinical and microbiological effects of two different 
regimens of systemic antibiotic therapy given adjunctive to 
non‑surgical periodontal therapy in patients with periodontitis. 
Moreover, this study also investigated changes that occurred 
in systemic oxidative stress markers and the resistance of 
main periopathogens. Unlike recent studies that only focused 
on clinical changes in moderate and deep pockets (4,30), our 
study also considered the mean full‑mouth PPD as an endpoint.

As expected, the mean values for clinical parameters 
significantly improved in the intra‑group comparisons, with 
the interesting exception of FMPS, for which the mean 
values significantly decreased in groups A and B, but not in 
group C. No explanation could be found for this outcome 
in the context of the better clinical outcomes in group C at 
three months. The mean value for intra‑group full‑mouth PPD 
reduction significantly decreased in group B between baseline 
(3.71±0.77 mm) and 3 months (3.14±0.820 mm, P=0.02), and 
also in group C from baseline (3.75±0.86 mm) to 3 months 
(3.04±0.71 mm, P<0.001). These results showed that both 
antibiotic regimens exhibited better clinical efficacy than 
that obtained by using SRP alone, and are similar to results 
from other studies that chose mean full‑mouth PPD or CAL 
as the primary outcome (13,20,24,25,62) to evaluate the effi-
cacy of various antibiotic regimens. Intra‑group comparisons 
showed that the mean CAL value significantly improved in 
all three groups, and while inter‑group comparisons showed 
more pronounced improvements in group C, the differences 
were not statistically significant. These results are in line to 
those obtained by Carvalho et al (3), who used a treatment 
regimen of SRP + MTZ (400 mg TID for 10 days) and by 
Matarazzo et al (20), who treated patients with SRP + AMX 
(500 mg) + MTZ (400 mg) for 14 days.

An analysis of pockets ≥6 mm in depth, which are known 
to harbour biofilm that is more difficult to reached with 
mechanical instrumentation, was performed in our study in 
the context of the antibiotic systemic medication given adjunc-
tive to SRP (12). The use of antibiotics for 7 days significantly 
reduced the number of sites with a PD ≥6 mm, when compared 

with the placebo group (P=0.023). No statistically significant 
difference was found between groups A and B or between 
groups B and C.

Regarding the smoking status of the patients, in both 
groups A and B, the decrease in the number of sites with 
PPD ≥6 mm was greater for smokers than for nonsmokers. 
This can be partially explained by the fact that the smokers 
had more sites with PPD ≥6 mm at baseline than did the 
non‑smokers. The decrease was most pronounced in group C, 
where there was no difference between the smokers and 
nonsmokers; however, given the small sample size and the 
small number of smokers in each group, this result should be 
interpreted with caution.

When prescribing a systemic antibiotic regimen for peri-
odontal infection, the issues of antibiotic resistant species 
being present prior to treatment and the possible creation of 
antibiotic resistant species are of particular importance. When 
prescribing antibiotics, practitioners have considered the 
chance for side effects, the possibility of bacterial resistance, 
as well as the chance of success when using the recom-
mended dose of antibiotics  (63). However, several studies 
demonstrated that systemically administered antibiotics 
resulted in transitory selection of subgingival bacterial strains 
resistant to tetracycline  (64), doxycycline  (DOX)  (65,66), 
AMX and MTZ (36). DOX‑resistant baseline isolates were 
reported in 12% of the total counts by Walker (67), 0.90% by 
Fiehn and Westergaard (65), and 6% by Feres et al (66).

No bacterial strains resistant to AMX were identified at 
baseline; however, 13 strains were resistant to MTZ at baseline. 
These resistant strains constituted 18% of the total strains, and 
were present in all the treatment groups , even though none of 
the patients had received antibiotics in the previous 6 months, 
and the patients who harbored the resistant isolates did not 
recall having previously taken MTZ. In a similar study with 48 
patients, bacterial species were identified in cultures, and the 
five most common morphotypes were analyzed by PCR (37). 
Antibiotic susceptibility was determined by the E‑test®, which 
was also used in this study. Among 261 identified isolates, the 
investigators found that the S. viridans resistance rates for 
AMX, clindamycin, and tetracycline were 0, 10 and 9‑22%, 
respectively. As for azithromycin, the resistance rates ranged 
from 18.2% for S. sanguis to 47.7% for S. mitis. Prevotella 
isolates were susceptible to AMX‑clavulanic acid, but showed 
AMX resistance rates of 17.1% for P. buccae and 26.3% for 
P. denticola. Less than 6% of all Prevotella species were resis-
tant to MTZ, while 21.1% were resistant to clindamycin. In this 
study, the highest resistance rates prior to therapy were found 

Table IX. Changes in oxidative stress characteristics between baseline and the 3-month re-evaluation.

Oxidative stress characteristics	 Group A	 Group B	 Group C	 p1	 p2

Δd-ROM	 1.08±130.19	 27.88±115.56	 120.80±89.03	 0.009a	 0.018
ΔBAP	 -40.64±847.33	 39.17±699.87	 -76.54±931.86	 0.394	 0.231

P-values for differences between groups. p1, P-values corresponding to Kruskal-Wallis tests; p2, P-values of tests for the group effect on ΔX 
as determined by rank-based ANCOVA, while controlling for baseline X and smoking). d-ROM, derivatives of reactive oxygen metabolites; 
BAP, biological antioxidant potential. aDenotes a statistically significant change.
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for P. micra (7.24%) and A. naeslundii (5.79%). Moreover, in 
the present study, the data confirmed that there was no resis-
tance to AMX prior to therapy. Similar results (no resistance 
to AMX prior to therapy) were also found by Herrera et al (68) 
and Ardila et al (69); however, those investigators found strains 
that were resistant to azithromycin (68) and clindamycin (69).

The evolution of antibiotic resistance in this study is similar 
to that reported in a study conducted with 20 patients who were 
taking systemic DOX (100 mg/day) for 14 days (66). Despite 
an increase in resistance detected during the treatment phase 
of that study (from 6±2 to 48±9%), those investigators found 
that the resistance decreased to 25±6% 2 weeks later, and to 
9±2% at 90 days post‑treatment. Similar results were obtained 
by Fiehn and Westergaard (65), who found that the percentage 
of organisms resistant to 10 µg/ml DOX increased from a 
baseline level of 0.9 to 18.5% one week after completion of a 
3‑week treatment regimen, and then subsequently returned to 
baseline levels at ~15 weeks. In a later study, resistant species 
were identified in subgingival and saliva samples obtained 
from patients with chronic periodontitis being treated with 
SRP and adjuvant antibiotic therapy (AMX or MTZ) (36). 
That study enrolled 20 patients who had undergone clinical 
and microbiological assessments and were randomly assigned 
to two groups: AMX 500 mg, TID x 14 days or MTZ 250 mg, 
TID x 14 days. It was found that the resistant isolates detected 
during or after therapy had also been detected prior to therapy. 
The most common resistant species in the MTZ group were 
A. naeslundii, S. constellatus, S. mitis, S. oralis, A. odonto‑
lyticus, and S. sanguis, and in AMX treatment group were 
S. constellatus, P. nigrescens, E. saburreum, A. naeslundii, 
S.  oralis, P.  melaninogenica, and P.  intermedia. While 
treatment with systemic antibiotics gradually increased the 
percentage of resistant subgingival species, a major compo-
nent of the subgingival plaque remained sensitive to antibiotics 
during their administration. However, the antibiotic resistant 
isolates returned to their baseline levels after 90 days. Other 
strains identified in this study with antibiotic resistance prior 
to therapy were P. micra, Bacteroides spp., Gemella morbil‑
lorum, Propionibacterium propionicum and Anerococcus 
prevotii.

In an in vitro study, Rams et al (33) found that 30.3% of 
bacterial strains were resistant to MTZ prior to therapy. In 
another study, van Winkelhoff et al (34) evaluated the antibi-
otic resistance of Aa in 118 patients with localized, generalized, 
and refractory periodontitis. Similar to this study, significant 
reductions in PPD and increases in CAL were obtained in 
almost all patients. Four patients remained positive for Aa 
after therapy. MTZ resistance was observed in two out of four 
strains in those patients. In this study, we similarly found a 
greater percentage of MTZ‑resistant isolates prior to therapy 
(18.84%) than after 3 months of therapy (7.40%).

Data from the literature attest that periodontitis patients 
are more susceptible to an imbalance in oxidative‑antioxidant 
processes when compared with healthy subjects (48,49), and 
periodontal therapy can have a beneficial effect on both clinical 
and biochemical parameters. High levels of oxidative species 
are usually found in subjects with risk factors such as cigarette 
smoking, alcohol abuse, an unbalanced diet, or who have 
diseases associated with changes in oxidative balance, such as 
cardiovascular diseases, metabolic diseases, neurodegenerative 

diseases, autoimmune rheumatic diseases (rheumatoid arthritis, 
systemic lupus erythematosus), skin diseases like psoriasis, 
and periodontitis (70,71). A reduction in BAP suggests a direct 
correlation with reduced activity of the plasmatic antioxidant 
barrier. This is often seen in elderly people  (72) who are 
undergoing hemodialysis (73) and in patients with metabolic 
syndrome (74), but may not always correlate with an inflam-
matory periodontal status (75,76). In the present study, there 
were significant differences between groups with respect to 
changes in d‑ROM values [a significantly greater decrease in 
d‑ROMs values ​​in group C when compared to the changes 
in group A (P=0.012) and group B (P=0.025)]. These results 
were similar to those obtained by Tamaki et al  (71), who 
showed that non‑surgical periodontal treatment improved both 
periodontal clinical parameters and plasma d‑ROMs values ​​
at a 2‑month reassessment. This suggests a close relation-
ship between periodontal conditions and systemic oxidative 
status. Moreover, a trend of reduction in d‑ROM levels as 
measured at 1 month after therapy was observed in a study 
conducted by D'Aiuto et al (77). In this study, BAP levels were 
not significantly correlated with periodontal parameters, and 
this was similar to results reported by Tamaki et al (75) and 
Machida et al (76).

One limitation of the present study is the small number of 
patients we investigated. The fact that the three groups were 
not homogeneous with respect to PPD and CAL at baseline 
could also represent a potential limitation. However, in our 
analysis of changes that occurred between appointments, this 
deficiency was handled by adjusting for the baseline values 
of the parameters, while testing for group effects in the 
analysis of covariance. Furthermore, the fact that one strain 
of Anaeroccocus prevotii was identified in the same patient as 
being antibiotic sensitive prior to treatment, and then became 
resistant to both AMX and MTZ after 7 days, suggests that 
certain strains can acquire bacterial resistance during systemic 
antibiotic therapy.

From a clinical point of view, our microbiologic and oxida-
tive stress data suggest that a 7‑day systemic antibiotic regimen 
remains the regimen of choice as an adjuvant to SRP, both in 
smokers and non‑smokers. Further studies with larger groups 
of patients and longer follow‑up times, possibly based on new 
fundamental integrative investigation methods (e.g.  cello-
mics, which integrates genomics and proteomics of diseased 
tissues)  (78) will offer a new insight in understanding the 
complex interactions that the periodontal pathogens undergo 
with the host, both in the health, disease and during systemic 
antimicrobial treatments (79). A future direction could also 
focus on the in vitro resistance of bacterial species interacting 
with periodontal cells grown on materials biocompatible with 
the oral environment (80). More clinical studies are needed, as 
well, to fully evaluate the evolution of parameters and variables 
associated with periodontal inflammation, and their correla-
tion over time during different antibiotic treatment regimens.

In conclusion, within the limitations of this study, it can 
be concluded that non‑surgical periodontal therapy given in 
combination with a 7‑day course of antibiotics proved more 
effective for improving clinical parameters when compared with 
a 3‑day course of antibiotics. The detection of several patho-
genic bacteria (Aa and Td) showed greater improvement with 
the 7‑day antibiotic regimen, as well as the systemic oxidative 
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stress markers (decrease in d‑ROMs). Bacterial resistance was 
found in fewer strains after treatment than prior to treatment.
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