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Abstract
Treatment of localized aggressive periodontitis (LAP) may include systemic antibiotics, yet it is
unclear at what stage of treatment planning antibiotics are most effective.

Aim—This retrospective analysis compared immediate vs. delayed antibiotic therapy on clinical
parameters and gingival crevicular fluid (GCF) inflammatory mediators.

Material and Methods—At baseline, 3 and 6 months after treatment, clinical parameters
[probing depth (PD), attachment level (CAL), bleeding on probing (BoP), and plaque] and GCF
were collected from LAP participants, who received a 7-day antibiotic regimen immediately
(ImA) or 3 months following (DelA) mechanical therapy.

Results—While both groups presented significant CAL reductions at 6 months, only ImA
resulted in a reduction in mean PD at both 3 and 6 months, along with reductions in CAL and BoP
at 3 months following therapy. In addition, GCF mediators were higher in DelA group at 3 months
post-mechanical treatment, but were significantly reduced 6 months following antibiotic therapy.

Conclusions—ImA and DelA regimens were both effective in improving CAL by 6 months
post-therapy. However, ImA allowed for better improvement in overall clinical parameters early
in the course of treatment, concomitant with lower levels of inflammatory mediators within the
GCF.
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Introduction
Mechanical removal of bacteria by scaling and root planning (SRP) is the gold standard of
periodontal therapy as it often provides satisfactory response for most cases of chronic
periodontitis (Badersten et al., 1981a, Badersten et al., 1984a, Cobb, 1996, Kaldahl et al.,
1988, Rosenberg et al., 1993). However, certain periodontal conditions, such as aggressive
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periodontitis, may benefit from adjunctive use of systemic antibiotics (Slots, 2004, Haffajee
et al., 2006, Haffajee, 2006, Haffajee et al., 2003, Heitz-Mayfield, 2009, Herrera et al.,
2008). Aggressive periodontitis patients often benefit more from the use of adjunctive
systemic antibiotics when compared to SRP alone (Haffajee et al., 2003, Guerrero et al.,
2005, Mestnik et al., 2010, Slots and Ting, 2002, Sgolastra et al., 2011, Aimetti et al., 2012).
It has been suggested this is a result of elevated proportions of Aggregatibacter
actinomycetemcomitans (Aa) present in this disease (Zambon et al., 1983, Slots et al., 1980,
Mandell and Socransky, 1981). Because Aa is located at all mucosal surfaces in the oral
cavity (Mombelli et al., 1994) and is able to invade soft tissues (Blix et al., 1992,
Christersson et al., 1985, Sreenivasan et al., 1993) and extra oral sites (Rahamat-
Langendoen et al., 2011, Castillo et al., 2011), it may recolonize the pocket rapidly after
mechanical root debridement (van Winkelhoff et al., 1989, van Winkelhoff et al., 1992b,
Slots and Rosling, 1983), making adjunctive antibiotic therapy a necessity to remove this
organism from the periodontal lesion.

The combination of metronidazole and amoxicillin has been shown to be effective in
preventing Aa re-colonization following mechanical therapy (Winkel et al., 1998, Winkel et
al., 2001, Pavicić et al., 1994), and in the treatment of aggressive periodontitis patients
(Xajigeorgiou et al., 2006, Guerrero et al., 2005, Buchmann et al., 2002, Kaner et al., 2007,
Machtei and Younis, 2008, Sgolastra et al., 2011, Aimetti et al., 2012). Similarly, it has been
demonstrated that amoxicillin and metronidazole administered immediately after initial SRP
results in greater pocket depth reduction and attachment level gain than later administration
during supportive periodontal therapy for generalized aggressive periodontitis (Kaner et al.,
2007, Griffiths et al., 2011).

Despite numerous research studies on the use of antibiotics during periodontal therapy, it is
still unclear at what point antibiotics should be prescribed during therapy for patients with
aggressive periodontitis (Shaddox and Walker, 2009), particularly in localized disease, given
its low prevalence. In addition, due to its rapid progressive nature, timing of antibiotic
application becomes an essential part of clinical care for this disease. Therefore, the purpose
of this retrospective analysis was to compare the clinical and inflammatory response of a
systemic antibiotic regimen prescribed either immediately or 3 months following
mechanical therapy in the treatment of localized aggressive periodontitis.

Materials and Methods
Participant Cohort

This was a retrospective analysis of a data subset from an ongoing clinical trial (Clinical
Trial registration: #NCT01330719 at clinicaltrials.gov). While the main objective of the
registered clinical trial is not to evaluate timing of antibiotic administration during therapy,
differences in treatment responses were noted in the first subset of patients treated: the first
15 patients enrolled received antibiotics at the first follow up appointment, 3 months after
mechanical therapy, while the following 17 patients enrolled received antibiotics
immediately after mechanical therapy, at the first visit. Thus, the retrospective analysis of
antibiotic administration timing between these patients is presented here. All data and
samples collected were obtained under Institutional Review Board (IRB) informed consent
(provided by the parents, in case of minors) at the University of Florida, Gainesville, FL.
Inclusion criteria: 7–21 years old, African-American, diagnosed with localized aggressive
periodontitis (LAP), defined by ≥2 teeth (incisor and or first molar, and no more than two
teeth other than first molars and incisors) (Armitage, 1999) with pocket depth (PD) ≥5mm
with bleeding on probing (BoP), clinical attachment level (CAL) ≥2mm and radiographic
bone loss. Exclusion criteria: systemic diseases or conditions that influence the progression
and/or clinical characteristics of periodontal disease; antibiotics within past 3 months;
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allergy to penicillin; use of medications that could influence the characteristics of
periodontal disease; smokers or pregnant/lactating women. Complete medical and dental
histories along with periodontal clinical parameters were collected including: PD, CAL,
BoP, visible plaque, and radiographic examination of the compromised teeth. CAL was
calculated from the cemento-enamel junction (CEJ) to the base of the pocket. If CEJ was
subgingival, gingival margin was recorded as a negative value. If a restoration was present
apical to the CEJ, CAL was calculated from the restoration margin to the bottom of the
pocket. All measurements were performed by a calibrated examiner (IM) using a periodontal
probe (UNC-15, Hu-Friedy, Chicago, IL) at six sites per tooth and recorded using a
computer software program (Florida Probe, version 9.12.26, Gainesville, Fl). Calibration of
examiner was obtained prior to the study when 80% of full-mouth duplicate measures of
probing depth and CAL were within 1mm in 10 patients with moderate-severe chronic
periodontitis.

Periodontal Treatment
Treatment was provided by two experienced periodontists (IA or LMS), different than the
examiner (IM). Both clinicians were trained to use the same instruments and sequence. Both
treated a similar number of patients in each group and used their own clinical judgment
regarding time of instrumentation necessary for each case. Although the examiner did not
know the details of the course of treatment of each subject evaluated, no intentional masking
of the treatments was performed since this was not the initial intent of this study. At the
initial visit, 3 and 6 month follow-up appointments, all participants received full mouth
debridement with an ultrasonic device (Cavitron Jet Plus, Dentsply, York, PA) and scaling
and root planing (SRP) of deeper sites under anesthesia, as required. Oral hygiene
instructions (OHI) and tools, including an electric toothbrush (Vitality, Oral B, Belmont,
CA), were also provided. Participants were placed on a systemic antibiotic regimen of
500mg of amoxicillin and 250mg of metronidazole three times per day (t.i.d.) for 7 days.
Participants and their parents were provided verbal and written instructions on medication
administration, side effects and a medication log. Compliance was monitored by the return
of remaining medication at each visit. The first 15 patients were started on the antibiotic
regimen at the 3 month follow-up appointment (DelA), while the following 17 patients
began the antibiotic regimen immediately after the initial mechanical therapy, at the first
visit (ImA) (Fig. 1).

Gingival Crevicular Fluid (GCF) Sampling
GCF samples were collected from a periodontally diseased site [PD≥5mm and CAL≥2mm
with BoP] at baseline, 3 and 6 months following mechanical therapy. The site for GCF
collection was isolated with cotton rolls, gently air-dried and supragingival plaque was
removed. A collection strip (PerioPaper GCF collection strips, Oraflow Inc, Plainview, NY)
was inserted 1–2mm into the pocket for ~10sec. The volume of GCF was measured
(Periotron 8000, Oraflow Inc, Plainview, NY) in order to obtain a specific range of protein
content compatible with soluble mediator analysis (data not shown). Samples were eluted
from the strip into 300µl of phosphate buffered saline (PBS) by centrifugation and stored at
−80°C until the assays were performed.

Inflammatory Mediator Analysis
Fluorescence detection kits (Milliplex® 14-plex cyto/chemokine detection kits, Millipore,
St. Charles, MO) were used to detect and quantify 14 cyto/chemokines [eotaxin,
interleukin(IL)-1-beta (IL1β), IL2, IL6, IL7, IL8, IL10, IL12(p40), granulocyte colony-
stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF),
interferon-gamma (IFNγ), monocyte chemotactic protein-1 (MCP1), macrophage
inflammatory protein 1 alpha (MIP1α), and tumor necrosis factor alpha (TNFα)]. Fifty µl of

Beliveau et al. Page 3

J Clin Periodontol. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



eluates and 25µl of a cyto/chemokine capture bead cocktail were placed in a 96-well filter
plate and incubated overnight at 4°C. After which, 25µl of a biotin labeled anti-cytokine
cocktail and 75µl of assay buffer were incubated for 1.5hrs. This was followed by incubation
with 25µl of SAV-PE for 30mins and 25µl of stop reagent for 5min. Incubations were
performed in the dark while shaking gently. Data were acquired using instrumentation
(Luminex®100™, Millipore, St. Charles, MO) and analyzed using software (Milliplex
Analyst®, Viagene Tech, Carlisle, MA), standard curves and five-parameter logistics.
Values were normalized to total protein content (BCA Protein Assay, Pierce Thermo
Scientific, Rockford, IL).

Statistical analysis
Means were calculated for all clinical parameters for both groups at each time point. CAL
was considered the primary outcome variable and PD was considered the secondary
variable. Within group differences were evaluated by One–way ANOVA with Tukey’s
multiple comparison test. Between group differences were evaluated by unpaired T-test or
Mann-Whitney tests. Differences between groups after antibiotics administration were also
compared (3 months after antibiotic administration). P-value for soluble mediators analysis
was adjusted with Bonferroni’s correction (p<0.004). Due to its retrospective nature, a
sample size was not calculated for this study. However, pos-hoc power analysis performed
indicated that the group numbers presented here (n=15 and n=17) provide a power of 85% to
detect differences in CAL/PD of 1mm between groups for affected sites (PD>4mm with
BoP and CAL>2mm) with a standard deviation of up to 0.9mm.

Results
All participants were recruited from Leon County Health Department, Tallahassee, Florida,
from February 2007 to November 2009. Following the collection of baseline clinical
parameters, thirty-two participants diagnosed with local aggressive periodontal disease
(LAP), underwent conventional mechanical therapy. Cohort demographics are summarized
in Table 1. All participants completed the antibiotic regimen (ImA (n=17) and DelA
(N=15)). A total of four patients (n=2/group) received a modified dosage of amoxicillin
(250mg chewable tablets, tid, 7 days) according to their weight. All participants were
compliant with medications and follow-up appointments. No side effects were reported by
any of the patients after the antibiotic regimen. In addition, there were no differences in the
clinical parameters collected at baseline when comparing the ImA and DelA treatment
groups (Table 2). In both treatment groups, all clinical parameters were collected 3 and 6
months following initial mechanical therapy.

While the ImA group showed significant reductions in mean PD at 3 and 6 months post-
therapy, (1.37 ±1.06 and 1.86 ± 0.93 respectively; p<0.0001), no significant reduction in
mean PD at either 3 or 6 months (0.44± 0.49mm and 0.65 ± 1.80mm respectively; p>0.05)
was observed in the DelA group (Table 2). In addition, the percentage of sites with a PD
>4mm was reduced in both ImA and DelA groups 6 months post-therapy, although a
significant reduction in PD 3 months following treatment was observed only in the ImA
group (Table 2). Accordingly, the ImA regimen resulted in greater PD reduction at both 3
and 6 months post-therapy when compared to the DelA antibiotic regimen (Table 2).
Similarly, while a reduction in mean CAL was observed at both 3 and 6 months following
therapy in the ImA group (2.10 ± 0.8mm and 2.08 ± 1.83mm, respectively, p=0.0002) a
significant reduction was observed only at 6 months in the DelA group (1.70±1.40mm,
p=0.0030) (Table 2). A decrease in the percentage of sites with CAL>2mm at both 3 and 6
months was also observed in the ImA group, while this decrease was observed only at 6
months in the DelA group (Table 2). The ImA regimen resulted in greater CAL reduction at
3 months when compared to the DelA antibiotic regimen, while equivalent CAL reductions
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were observed at 6 months, regardless of antibiotic regimen (Table 2). Interestingly, when
comparing PD reductions and CAL gain three months post-antibiotic therapy (3 months
after antibiotics in DelA vs 3 months after antibiotics in ImA group), no differences were
observed between groups (p>0.05). This indicated the antibiotic regimen was effective in
reducing clinical parameters of disease once applied, regardless of when in the treatment
course this occurred.

While plaque index was decreased 3 and 6 months post-therapy in both treatment groups
(Table 2), only ImA group showed a significant decrease in the percentage of sites with BoP
at 3 and 6 months post-therapy (Table 2). Although BoP has been utilized as a clinical
marker of inflammation, the levels of inflammatory mediators in the GCF were quantified to
more specifically evaluate the affect of the ImA vs. DelA regimens on local inflammation.
While baseline values for all inflammatory markers were similar for both groups (data not
shown, p>0.05) and both regimens resulted in reductions of most inflammatory markers at 3
months and 6 months following therapy, a more significant reduction in the pro-
inflammatory mediators TNFα, IFNγ, IL6, IL1α, MIP1α, IL10, IL2, and IL12(p40) was
observed in GCF from the ImA treatment group at 3 months. While a more pronounced
reduction in the expression of soluble mediators within the ImA group remained at 6
months, only a trend of significance was observed in between the two regimens.
Interestingly, IL8 was elevated in the ImA group compared to DelA group at both time
points (Fig. 2). While IL7 and MCP1 were not detected, no additional significance was
observed for the remaining markers.

Discussion
The present study shows that administration of an antibiotic regimen either immediately
following mechanical therapy or 3 months after initial mechanical treatment resulted in
reductions in pocket depth (PD) and clinical attachment (CAL) levels 6 months post-intial
therapy. Moreover, the use of antibiotics immediately after mechanical therapy provided not
only a more rapid decrease in PD, but also a more robust reduction in this clinical parameter.
Interestingly, the delayed implementation of the antibiotic regimen still allowed for
significant and equivalent reduction in CAL and inflammation levels (BoP and GCF
markers) by 6 months post-initial therapy. When comparing clinical parameters 3 months
following antibiotic treatment, no difference could be observed between groups, indicating
that the antibiotic regimen is effective in reducing clinical parameters of disease once it is
applied. The difference here lies in the time it takes for the major benefits to occur (total
duration of treatment). The early prescription of antibiotics seems to result in a more rapid
achievement and maintenance of the major clinical benefits. This is highlighted by the
improvement in clinical parameters observed 3 months following immediate antibiotic
intake. It is important to note the 3 month timepoint comparison is evaluating the effects of
antibiotics versus non-antibiotics, since the delayed group (DelA) had yet to receive the
antibiotic regimen. The favorable results with the use of antibiotics at this time point for the
immediate antibiotic group (ImA) compared to the DelA group has also been reported by
other investigators, using the same antibiotic combination (Sgolastra et al., 2011, Mestnik et
al., 2010, Aimetti et al., 2012).

A previous study (Kaner et al., 2007) also observed advantages of immediate administration
of the same regimen of antibiotics used in the current study, although for a slightly longer
period of time, 10 days compared to 7 days used in the present study. Interestingly, these
investigators also observed improved short-term (3 months) PD and CAL responses in the
immediate antibiotic group. Furthermore, they reported additional benefits after delayed
administration of antibiotics, which is also in agreement with the present findings. Although
in both these studies, the two antibiotic regimens provided similar end results at 6 months,
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immediate antibiotic usage provided beneficial clinical responses earlier in the treatment,
which persisted at 6 months. Since aggressive periodontitis is a relatively fast progressing
disease, characterized by a hyper-inflammatory response (Shaddox et al., 2010), earlier
reduction of bacterial insult and inflammatory processes may be beneficial to hamper the
disease progression.

A possible explanation for the greater benefits of the immediate application of antibiotics in
aggressive periodontitis could be the fact that the combination of amoxicillin and
metronidazole may provide immediate reduction of putative periodontopathogens such as
A.actinomycetemcomitans from within tissues, whereas SRP may have limited ability to do
so, as reported in previous studies (Xajigeorgiou et al., 2006, van Winkelhoff et al., 1992a,
Renvert et al., 1990). This inability to remove important bacteria from within tissues could
possibly enable these “invading” organisms to re-colonize the pocket and maintain a
continuous insult to the host. In addition, antibiotics will also help control re-colonization of
the lesion with commensal/non-pathogens which under normal circumstances would not
induce robust immune response, but could potentially aggravate an ongoing pathogenic
inflammatory response. Antibiotics allow for not only clearance of pathogens, but also
provide time for the host’s inflammatory recovery before bacterial re-colonization occurs.
Persistent bleeding and higher levels of inflammatory markers after SRP presented by the
delayed antibiotic group in the present study could have been a result of this continuous
“induction” of the host’s inflammatory process by the present bacteria. Once antibiotics
were applied in the immediate group, an initial significant reduction of clinical parameters
and inflammatory markers was observed and maintained for 6 months. On the other hand,
the delayed group only obtained mild reductions in inflammatory markers and clinical
parameters initially after SRP, but once antibiotics were administered, additional reductions
were observed. One exception was IL8, which was increased in the ImA group at both time
points. This chemokine is known to induce chemotaxis for innate immune cells, i.e.
neutrophils. In addition, IL8 also plays an important role in the process of wound healing,
which could explain its higher levels in the early antibiotic usage group. This early and more
robust reduction in pro-inflammatory response, coupled with an elevated anti-inflammatory
response, could have contributed to early improvement in clinical parameters observed in
the immediate antibiotic group. Similar results in local inflammatory markers after treatment
with antibiotics have been reported previously (de Lima Oliveira et al., 2012). Thus, the
immediate application of antibiotics may be more beneficial for the treatment of this type of
aggressive inflammatory process.

Different antibiotic regimens have been studied in periodontal disease therapy, including
aggressive periodontitis (Haffajee et al., 2003). There seems to be no consensus on which
antibiotic or specific dosages is most effective. The current study employed the combination
of amoxicillin 500mg and metronidazole 250mg because it had been studied previously,
where effective results in the treatment of both chronic and aggressive periodontitis were
observed (Winkel et al., 2001, van Winkelhoff et al., 1992b, van Winkelhoff et al., 1989,
Kaner et al., 2007, Aimetti et al., 2012). Since the cohort of the current study consisted of
young participants, the lower dose of metronidazole (250mg) was utilized, where no side
effects have been reported as of yet. This antibiotic choice was also effective in reducing
mean PD at 3 and 6 months post-therapy in the ImA group (1.37 ±1.06 and 1.86 ± 0.93,
respectively), which is similar to what has been reported by Kaner et al 2007 (mean PD
reduction of 1.85 and 1.95 at 3 and 6 months, respectively), using a similar antibiotic
regimen. The magnitude of gain in the current study was slightly smaller compared to that
reported by Kaner et al. This could be attributed to the slightly longer antibiotic regimen
used by Kaner et al (10 days versus 7 days on the present study) along with slightly different
diagnosis and cohort age (generalized aggressive and mean age 34 versus localized and
mean age 13 in the present study).

Beliveau et al. Page 6

J Clin Periodontol. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Some limitations are associated with the present study. For instance, this was a retrospective
evaluation and not a randomized trial. While retrospective analyses are helpful in
understanding treatment effects, randomized controlled trials need to be conducted to
confirm the benefits of immediate antibiotic administration. The present study was
conducted within the same clinic and within a homogeneous population with very similar
diseased characteristics. In addition, examinations and treatments of both groups were
performed by the same group of calibrated investigators, which is clearly an advantage on
the conduct of a retrospective study. Although both therapists were experienced and
calibrated to the treatments and both treated patients in both experimental groups, one may
argue that their individual clinical judgment used to determine extent of therapy could have
been a possible source of bias. Previous studies, however, have shown similar clinical
results when comparing non-surgical treatment by different experienced operators
(Badersten et al., 1981b, Badersten et al., 1984b). An additional limitation includes the
inability to evaluate the specific response for deep and moderate pockets since LAP disease
is localized to a limited number of teeth. Finally, this study is only powered to detect
differences of 1mm or greater between groups, which is considered a clinically significant
difference. However, potential smaller differences remaining between groups at 6 months
could have been missed in the present investigation. Thus, longer follow-up with a greater
number of subjects is still warranted to confirm the present findings.

Within the limitations of the present study, we conclude that although both treatment
regimens result in satisfactory clinical results at 6 months, immediate systemic antibiotic
application seems to be more advantageous in the treatment of localized aggressive
periodontitis, as it results in an earlier greater improvement in clinical parameters and local
inflammatory response when compared to delayed antibiotic use.
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Clinical relevance

Scientific rationale: It is unclear at what stage the clinician should prescribe antibiotics
during treatment of aggressive periodontitis. Principal findings: Antibiotics
administration immediately after or 3 months following mechanical therapy was similarly
effective in reducing overall clinical parameters by 6 months post-therapy. However,
immediate application provides better improvement in clinical parameters by 3 months
post-therapy, which is concomitant with decreased levels of local inflammatory
mediators. Practical implications: Antibiotics should be prescribed earlier rather than
later to achieve more rapid improvement of aggressive periodontitis.
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Figure 1. Flowchart of Treatment Approaches
At the initial visit and the 3 and 6 months follow-up appointments, participants received full
mouth debridement and SRP of deeper sites under anesthesia, Oral hygiene instructions
(OHI) and tools were provided at all treatment visits. Participants were placed on a systemic
antibiotic regimen of 500mg of amoxicillin and 250mg of metronidazole t.i.d for 7 days. 17
patients began the antibiotic regimen immediately following the initial mechanical therapy
(ImA), while 15 patients were started on the antibiotic regimen at the 3 month follow-up
appointment (DelA).
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Figure 2. ImA antibiotic regimen more rapidly and robustly decreases GCF inflammatory
mediators
GCF collected 3 and 6 months following initial mechanical therapy in participants whom
received an antibiotic regimen immediately following initial therapy (ImA) or at the 3 month
follow-up treatment visit (DelA) were qualitatively and quantitatively analyzed for 14-
cytokine and chemokines. **p<0.001 and *p<0.004 between groups. p values >0.05
trending towards significance are indicated
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Table 1

Cohort Demographics.

DelA (n=15) ImA (n=17) p value*

Age (years) 14.13 ± 1.04 13.71 ± 1.10 0.7822

Females (%) 80 64.7 0.353

African-Americans (%) 100 100 1

Mean age values followed by standard deviation. DelA=delayed antibiotics (administered at 3 months post SRP-baseline); ImA=immediate
antibiotics (administered concomitantly with SRP at baseline).

*
denotes differences between groups by T-test and Mann-Whitney.
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