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Background: The hypothesis that in subjects
with aggressive periodontitis, a long-term stability
of periodontal health can be achieved following com-
prehensive mechanical/surgical and systemic
antimicrobial therapy was tested in this prospec-
tive study.

Methods: Thirteen patients (36.9 ± 7.4 years) with
aggressive periodontitis were monitored before and
up to 5 years following periodontal therapy. Clinical
attachment levels (CAL) were assessed pretherapy,
and at 3 months following completion of active peri-
odontal therapy supplemented by amoxicillin plus
metronidazole. All subjects were subsequently
enrolled in a maintenance program and provided with
supportive periodontal therapy with 3 to 4 appoint-
ments annually. Reexaminations were performed after
6 months and 1, 2, 3, 4, and 5 years. The data were
analyzed using the method of generalized estimating
equations (GEE) for CAL changes from baseline to
the 3-month visit, and from completion of periodon-
tal therapy to each annual visit up to the 5-year fol-
low-up reappointment.

Results: During the 5-year study, all subjects
strongly benefited from periodontal treatment.
Between baseline and the 3-month reexamination,
the CAL levels revealed a significant decrease of 2.23
mm (95% confidence interval [CI]: 1.77 to 2.69 mm;
P ≤0.001). At the 5-year maintenance visit, the CAL
changes ranged from −0.04 to +0.29 mm with no fur-
ther statistically significant periodontal breakdown
(P >0.05). Five years after surgery, 3.2% of the treated
sites demonstrated a further CAL gain ≥3 mm. A sta-
bilization (CAL −2 to +2 mm) occurred in 94.6% of
the cases. The number of periodontal sites experi-
encing a breakdown varied from 5.3% at 6 months
to 2.2% at 5 years.

Conclusions: In aggressive periodontitis, compre-
hensive mechanical/surgical and antimicrobial ther-
apy is an appropriate treatment regimen for long-term
stabilization of periodontal health. In this study, peri-
odontal disease progression was successfully arrested

in 95% of the initially compromised lesions, while 2%
to 5% experienced discrete or recurrent episodes of
loss of periodontal support. J Periodontol 2002;73:
675-683.
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Aggressive periodontitis encompasses a distinct
type of periodontal disease and affects people who,
in most cases, otherwise appear healthy. The ampli-
fied host response to microbial infection causes severe
damage of periodontal tissues with harmful side
effects, particularly for cardiovascular and other neu-
trophil-generated diseases that have not yet been
fully investigated.1 When longitudinally monitored,
additional attachment loss can be demonstrated at
one or more sites, despite well-executed therapeutic
and patient efforts to stop disease progression.2,3 Ini-
tial periodontal scaling and root planing (SRP) treat-
ment alone is often ineffective and should be sup-
plemented by antimicrobial therapy.3

In advanced periodontal disease, an inappropriate
amplified recruitment of neutrophils creates noxious
inflammatory responses with deleterious effects on
oral and periodontal disease conditions.4 Fundamental
evidence from multi-center studies indicates that both
non-surgical and surgical approaches to periodontal
disease promote the resolution of disease, aimed at
pocket reduction and the maintenance of reasonable
attachment levels.5,6 It is accepted that the use of
metronidazole and amoxicillin is advantageous in
rapidly lowering periodontal pathogen counts when
accompanied by SRP.7,8 Recently, a 2-step enhanced
root planing procedure was proposed with antibiotics
administered after completion of initial therapy.9

These data suggest that amoxicillin plus metronida-
zole in a non-surgical treatment setting may repre-
sent the sole approach to resolving periodontal infec-
tion. Evidence obtained from short time trials with a
final evaluation performed 3 to 36 months following
termination of active therapy confirms this assump-
tion.10-12
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Reports from long-term surveys of periodontal ther-
apy document that microbiota residing in root-adher-
ent biofilms left due to inadequate instrumentation
during non-surgical treatment are not affected by
adjunctive antibiotic therapy, and require surgical
intervention to completely arrest periodontal dis-
ease.13 Although clinical studies have generally failed
to demonstrate an advantage of surgical procedures
over root planing alone,14-17 comparisons are lim-
ited due to variation in patient susceptibility, defect
type, and evidence of deterioration.18

Stabilization and gain of clinical attachment are
recognized as major outcome assessments. The rate
of periodontal disease progression varies between
patient groups, disease type, and severity.19 The inci-
dence of breakdown sites defined by radiographic
evidence of alveolar bone loss or deterioration of
probing attachment levels averages, on a site level,
between 1.2% to 8.6% in an untreated population
group20 and between 2% to 4% in treated patients
with previous periodontal disease, regardless of the
treatment modality.13,16 Multiple variables, such as
the threshold level for breakdown sites, the initial dis-
ease site category, and the time span allowing for
periodontal deterioration must be carefully consid-
ered when evaluating the disease progression rate in
clinical studies.

A meta-analysis of treatment for chronic peri-
odontal disease from 5 published randomized con-
trolled trials (RCT) reported the efficacy of periodontal
therapy by clinical attachment levels for different
probing depths 1 year after treatment.15 It was doc-
umented that, for all categories of periodontal dis-
ease, the average CAL gain was similar (between 0.2
to 0.8 mm) except for advanced disease severity with
PD ≥7 mm, where surgical treatment was, to some
extent, advantageous. These findings favor non-sur-
gical treatment approaches in patients with mild or
moderate periodontal disease. In severe periodonti-
tis with advanced loss of tissue support, resolution of
disease by surgical procedures is recommended. It
would advance our understanding of periodontal dis-
ease if it were determined that these treatment
approaches could be successfully applied to aggres-
sive periodontal disease.

Thus, in the present investigation, the hypothesis
that a long-term stability of periodontal health can
be achieved following comprehensive mechanical/
surgical and systemic antimicrobial therapy in aggres-
sive periodontitis patients was tested.

MATERIALS AND METHODS
Study Population
The data for this study were obtained from 13 patients
(4 females, 9 males; average age, 36.9 ± 7.4 years;
range, 26 to 46 years) from the Department of Peri-
odontology, University of Münster, with aggressive
periodontal disease2 and evidence of prior attach-
ment loss. All subjects had at least 22 teeth present.
Patients selected to enter into the study were screened
for periodontal disease by radiographic evidence of
intrabony defects exceeding more than 50% of the
root length and probing depths >5 mm at more than
8 sites within each quadrant. Initial microbial testing
evidenced the presence of Actinobacillus actino-
mycetemcomitans in subgingival plaque samples with
concentrations exceeding more than 104 colony-form-
ing units/ml. Exclusion criteria included smoking,
pregnancy, periodontal therapy or antibiotics in the
previous 6 months, any systemic condition that might
affect the progression or treatment of periodontitis,
and the need for premedication for therapy. Through-
out the study, patients were requested to report to
the principal investigator any orofacial or medical
infection where antibiotics were administered. No sub-
ject with localized juvenile periodontitis or acute
necrotizing ulcerative gingivitis was included in the
study. Table 1 presents the baseline demographic and
clinical characteristics of the 13 periodontal patients
enrolled in the study.

Periodontal Examinations
Subjects were screened for suitability and, if they
accepted, asked to sign informed consent forms. The
patients were examined at baseline, 3 months after
completion of active therapy, and 6, 12, 24, 36, 48,
and 60 months during the maintenance period. Prob-
ing depths (PD) as the distance between the gingi-
val margin and the bottom of the periodontal pocket
as well as clinical attachment levels (CAL) as the
distance from the cemento-enamel junction (CEJ) to
the clinical base of the periodontal pocket were taken
at 6 sites per tooth (buccal: mb/b/db; lingual: dl/l/ml)
using a straight rigid periodontal probe with a 3-3-2-
3 mm calibration and a 0.4 mm diameter tip. The
PD and CAL measurements (reproducibility ±1 mm
greater than 95%) were performed by the same cal-
ibrated examiner throughout the study. Bleeding on
probing (BOP) was recorded dichotomously at 4 sur-
faces around each tooth. The presence of supragin-
gival plaque was assessed at 4 sites per tooth accord-
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ing to the plaque index (PI).21 The gingival condi-
tions were visually examined at 4 surfaces per tooth
using the gingival index (GI).22 Here, we focus the
data presentation on the analysis of the clinical
attachment levels as the primary outcome variable.

Periodontal Site Selection
In each of the 13 individuals, a total of 8 teeth (2 per
quadrant) with interapproximate bone loss >50% of
the rooth length were selected for periodontal exam-
ination. For computation of CAL changes, the most
deteriorated site per tooth was chosen. Single subjects
presented teeth that were recorded initially, but could
not be maintained during the 5-year trial. Since those
sites exited the complete study, 99 sites were exam-
ined on average. The mean contribution per patient
was 7.6 sites.

Periodontal Treatment
All individuals were enrolled in an individual oral
hygiene program with repeated motivation and
instruction in self-performed oral hygiene and a
weekly prophylaxis (3 to 4 sessions) prior to surgery.
Surgical periodontal therapy was applied to all sub-
jects. Subgingival SRP was performed under local
anesthesia§ at sites with PD >4 mm. Sites with PD ≥6
mm were accessed using the modified Widman tech-
nique (4 to 6 sessions). Among the 100 sites exam-
ined initially (Table 1), 14 sites received SRP, and 86
sites were subjected to Widman flap surgery. After
intrasulcular incision, a mucoperiosteal flap was raised
beyond the mucogingival border to access the peri-

odontal defect. Following removal of the interradic-
ular inflammatory granulation tissue, the denuded
root surfaces were mechanically scaled, root planed,
and repeatedly rinsed with 0.1% chlorhexidine diglu-
conate solution.� No osseous surgery was carried out.
Flaps were replaced as close as possible to their ini-
tial position to completely cover the periodontal defect
and fixed with interdental sutures. Systemic 3 × 500
mg/day amoxicillin¶ and 3 × 250 mg/day metron-
idazole# were prescribed for 7 days during SRP and
surgical periodontal therapy to eliminate A. actino-
mycetemcomitans from the subgingival environment
and the oral cavity.10 The postsurgical follow-up
included suture removal and a careful cleaning of the
treated periodontal sites 1 week post-therapy. During
the first and second postoperative weeks, a 0.1%
chlorhexidine digluconate solution was prescribed for
twice daily 2 minute rinses.

Maintenance
The patients were enrolled in a regularly scheduled
maintenance program. During the first year, subjects
were monitored in 3- to 6-month recall intervals, which
included repeated oral hygiene instructions and a full-
mouth tooth cleaning with a polishing agent** accord-
ing to their individual needs. At each visit, additional
subgingival instrumentation was performed under local
anesthesia at periodontal sites that revealed >4 mm
PD and positive BOP scores. All patients were regu-
larly screened for caries and radiographically exam-
ined to evaluate the crestal bone height and to detect
early periapical lesions. Individuals needing further
prosthodontic or implant treatment were referred to a
specialist 6 months after periodontal therapy.

The full range of periodontal parameters was
assessed as described above at baseline and 3 months
after surgical periodontal therapy. Thereafter, all sub-
jects were completely reexamined 6, 12, 24, 36, 48,
and 60 months following periodontal therapy. All clin-
ical measurements were taken by the first author (RB).
Periodontal sites replaced with dental crowns during the
maintenance period were excluded from recording.

Statistical Analysis
The data analysis and statistical tests were evaluated
on a site level using the method of generalized esti-
mating equations (GEE) assuming an exchangeable
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§ Xylocain Spezial 2%, Astra Chemicals, Mölndal/Göteborg, Sweden.
� Chlorhexamed fluid, Procter & Gamble, Schwalbach, Germany.
¶ Ratiopharm GmbH, Blaubeuren, Germany.
#   Artesan GmbH, Lüchow, Germany.
** Oralust, Oral-B Laboratories, Kronberg im Taunus, Germany.

Table 1.

Baseline Demographic and Clinical
Characteristics of Study Population

Variable Women Men Total

Age at baseline (years) 38.8 ± 7.7 36.0 ± 7.6 36.9 ± 7.4

Number of sites examined 32 68 100

% sites with CAL (N)
<4 mm 0.0 (0) 1.5 (1) 1.0 (1)
4-6 mm 9.4 (3) 23.5 (16) 19.0 (19)
>6 mm 90.6 (29) 75.0 (51) 80.0 (80)

% sites with GI (N)
GI = 0 0.0 (0) 2.9 (2) 2.0 (2)
GI = 1 18.8 (6) 5.9 (4) 10.0 (10)
GI = 2 40.6 (13) 50.0 (34) 47.0 (47)
GI = 3 40.6 (13) 41.2 (28) 41.0 (41)
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working correlation. In addition,
data were analyzed on a patient
level basis to verify the results
because of the relatively small
sample size.19,23 CAL changes
were analyzed from baseline to
completion of active therapy (3
months), and then compared
to each of the 5-year follow-
up reappointments. Site level
changes in CAL were analyzed
using GEE, while patient level
changes in CAL were subjected
to the Wilcoxon signed rank
test. To calculate breakdown
sites, we employed a threshold
of ≥3 mm.24 Statistical signifi-
cance was considered at an α
= 0.05.

RESULTS
CAL levels in 13 patients indi-
cated a significant treatment-
induced decrease from 7.85 mm
(GEE mean 7.8 mm) at baseline to a subject mean
of 5.62 mm (GEE mean 5.57 mm) following com-
pletion of active treatment. From 6 months to 5 years,
a stabilization occurred resulting in a subject mean
of 5.28 mm (GEE mean 5.28 mm) at the 5-year reex-
amination (Fig. 1). During the 5 years, the patients
experienced individual patterns of CAL changes. Some
patients underwent varying amounts of relapses (neg-
ative CAL changes) at individual reexamination vis-
its. However, the comparison of CAL changes from
baseline to 5 years indicated a statistically significant
overall improvement for the 13 patients (Wilcoxon
signed rank test; P <0.05; Table 2). Single increments
of CAL change (deterioration) during maintenance
did not affect the 5-year CAL changes from baseline.
After some relapses at the 3-year appointment, the
CAL changes tended to improve toward the 5-year
reexamination, with a final subject mean change of
2.57 mm from baseline (GEE mean 2.53 mm). The
subject median CAL changes exhibited no significant
differences from surgery completion (0.0 to 0.25
mm). Similarly, no significant changes from 3 months
up to 4 years were noted when the data were sub-
jected to GEE. However, using GEE, a statistically
significant increase of 0.29 mm in CAL from 3 months
to 5 years was observed (P = 0.02), although on a

patient level, no significant change in CAL could be
demonstrated.

When the CAL changes were related to categories
of initial PD representing disease severity at base-
line, no significant improvement was observed in 3
sites with PD 1 to 3 mm; in contrast, at sites with ini-
tial PD 4 to 6 mm (52%) and ≥7 mm (44%), marked
clinical responses occurred with no further changes
during the 5-year period. Moreover, at the 5-year visit,
the CAL changes from baseline were as pronounced
as after completion of therapy (3 months), since they
did not differ statistically (Table 3).

All sites responded to comprehensive surgical and
antimicrobial therapy (baseline to 3 months), with
most frequent CAL gains between 1 and 2 mm
(55.6%). CAL changes ≥3 mm (37.3%) were less pro-
nounced. At single periodontal sites, the treatment-
induced CAL gain reached +7 mm. No measurable
CAL changes were noticed at 7 treated sites (7.1%).
Following the 6-month appointment, CAL changes
ranged between −4 and +4 mm, indicating that sin-
gle sites underwent further periodontal improvement
or deterioration (Tables 4 and 5).

In order not to underestimate the number of active
sites,23 we employed a threshold of ≥3 mm as the
cut-off for sites undergoing further periodontal break-
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Figure 1.
CAL in aggressive periodontitis.
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down. Our results clearly demonstrate the efficacy
of the treatment approach, since following surgery
(3 months), the percentage of stable sites was
between 91.8% and 95%. During the recorded inter-
vals, active sites that underwent disease progres-
sion consistently ranged between 1.4% and 5.3%. In
addition, there was a small decrease in the number
of breakdown sites from 5.3% after periodontal ther-
apy to 2.2% at the final 5-year evaluation. It is inter-
esting to note that during the maintenance period,
2% to 4% of the sites experienced further CAL gain
compared to following surgery due to repeated

instrumentation with continuous tissue remodeling
(Table 5, Fig. 2).

DISCUSSION
It has been suggested that periodontal patients, par-
ticularly those with severe inflammation,8,25 benefit
from supportive systemic amoxicillin and metro-
nidazole (A+M) therapy.10 The findings of the present
study demonstrate that patients with aggressive peri-
odontitis undergo rapid resolution of disease follow-
ing comprehensive mechanical/surgical and antimi-
crobial periodontal therapy, resulting in CAL changes
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Table 2.

Mean CAL Changes for Study Population; Changes (mm) From Baseline to 3 Months,
and at 6, 12, 24, 36, 48, and 60 Months Compared to 3 Months (surgery completion)

CAL Changes

Baseline- Baseline-
Subject/Gender Age Initial CAL 3 Months 6 Months 1 Year 2 Years 3 Years 4 Years 5 Years 5 Years

1/m 31 5.88 1.13 0.88 –0.13 0.32 0.32 0.89 0.18 1.30

2/m 31 6.88 2.38 0.00 –0.25 — — 0.50 0.63 3.00

3/m 32 7.67 2.00 — 0.17 0.00 — –0.08 0.67 2.67

4/f 46 8.25 2.13 0.50 0.50 — 0.38 0.50 0.25 2.38

5/m 43 9.75 2.75 –0.75 –0.38 –1.00 –0.25 –0.13 1.13 3.88

6/m 44 8.63 1.88 –0.11 –2.08 1.18 –0.39 0.04 –0.11 1.77

7/m 42 7.75 2.89 — 0.43 0.57 — 0.43 0.57 3.46

8/m 26 5.88 2.13 –0.13 –0.25 –0.50 –0.38 — –0.13 2.00

9/f 39 7.50 2.38 — 0.25 –0.47 0.13 –0.38 –0.21 2.17

10/m 29 8.50 2.38 0.27 0.38 0.00 0.50 — 0.25 2.63

11/f 42 8.25 4.38 0.13 0.00 0.13 0.50 0.38 0.63 5.00

12/f 28 7.50 2.13 –0.25 –0.25 –0.13 –0.50 –0.13 –0.13 2.00

13/m 46 9.67 0.50 0.00 0.50 — –0.67 –0.50 0.67 1.17

Subject (N) 13 10 13 10 10 11 13 13

Subject mean 2.23 0.05 –0.09 0.01 –0.04 0.14 0.34 2.57

Subject SD 0.91 0.44 0.68 0.61 0.45 0.43 0.41 1.06

Subject median 2.13 0.0 0.0 0.0 –0.06 0.04 0.25 2.38

P value* — 0.005† 0.400 0.463 0.374 0.161 0.327 0.002†

* Wilcoxon signed rank test.
† Significant after adjustment to Bonferroni.
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affected by the surgery and do not represent true
SRP sites.

The modified Widman surgical approach to sites
with PD >6 mm is advantageous over SRP alone as
the resolution of disease becomes more efficacious.
Moreover, in aggressive periodontitis, a subgingival
recolonization with A. actinomycetemcomitans has
been documented as a frequent event.26 Compared
to chronic periodontitis, where elimination of A. actin-
omycetemcomitans after SRP plus A+M is more
likely,10 the treatment outcomes in aggressive peri-
odontitis are superior. Due to the prolonged duration
of the study, single patients could not be recruited at
the 6-month to 4-year intervals as outlined in Table
2. Since all subjects presented at the 5-year visit
with CAL changes that are well in the range of stud-
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of 2.2 mm after active therapy. In a non-surgical set-
ting (SRP combined with systemic A+M therapy treat-
ment), responses yielded a decrease of only 1.4
mm.25 In a recent double-blind placebo controlled
study, the average CAL changes following SRP plus
A+M therapy were 0.7 to 0.9 mm for PD between 4
to 6 mm, and 1.5 to 2.0 mm in PD ≥7 mm.8 Even
after repeated SRP supplemented by systemic antibi-
otics, the mean CAL changes reached 1.2 to 1.7
mm after 6 months.9 After 5 years, we demonstrated
consistently enhanced treatment responses of 1.9
mm at sites with initial PD 4 to 6 mm, and 3.4 mm
at sites with advanced tissue destruction of ≥7 mm.
It is conceivable that the sustained CAL outcomes
of SRP sites with initial 4 to 6 mm PD located adja-
cent to a surgically treated defect might have been

680 Clinical Attachment Level Changes in Aggressive Periodontitis

Table 3.

CAL Changes (mm) for Various PD After Surgery and Changes From Surgery (3
months) to Each Reexamination Visit

CAL Changes

PD (mm) Baseline-3 Months 6 Months* 1 Year 2 Years 3 Years 4 Years 5 Years Baseline-5 Years

1-3
N 3 3 3 2 2 3 3 3
Mean 0.33 0.0 –0.67 0.50 0.50 0.0 0.0 0.33
SD 1.15 1.0 1.15 0.71 0.71 1.0 1.0 0.58
Median 1.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0
P value* — 0.317 0.157 1.000 1.000 1.000 1.000 1.000

4-6
N 52 38 52 35 37 41 49 49
Mean 1.67 –0.11 0.06 –0.14 0.22 –0.17 –0.29 1.92
SD 1.06 1.20 1.23 1.31 1.36 1.32 1.22 1.35
Median 2.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
P value* — 0.0001† 0.073 0.690 0.049 0.909 0.602 0.076

≥7
N 44 35 43 35 35 33 41 41
Mean 3.00 –0.09 0.09 0.26 –0.09 –0.06 –0.32 3.39
SD 1.58 1.36 1.48 1.22 1.52 1.25 1.29 1.73
Median 3.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0
P value* — 0.0001† 0.854 0.674 0.228 0.379 0.149 0.110

Total
N 99 76 98 72 74 77 93 93
Mean 2.22 –0.09 0.05 0.07 0.08 –0.12 –0.29 2.52
SD 1.05 1.26 1.33 1.26 1.42 1.27 1.24 1.72
Median 2.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
P value* — 0.0001† 0.254 0.538 0.607 0.533 0.168 0.019

* Wilcoxon signed rank test.
† Significant after adjustment to Bonferroni.
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ies discussed herein, we suggest that the drop-outs
in our investigation (15.4% to 23.1%) did not affect
the overall results.

Both patient and site level analysis yielded simi-
lar results throughout, with the exception of CAL
changes from 3 months to 5 years where the site
level approach utilizing GEE displayed a significant
increase in CAL, while the patient level comparison
using Wilcoxon signed rank test revealed no signifi-
cant differences. One reasonable explanation is that
GEE is subject to bias in small samples, so that the
small sample size used in this case may have led to
inaccurate results. In addition, the increase in CAL
noted (0.29 mm) from 3 months to 5 years is well
within the range of −2 to +2 mm that would normally
indicate no clinically significant change outside of the
range of measurement error.

In a 5-year documentation of clinical responses to
recurrent periodontitis after SRP plus amoxicillin or
metronidazole therapy, disease progression during
the first 3 years was prevented in 14 of 17 subjects
(82%).13 From 3 to 5 years, an additional 6 patients
underwent rapid attachment loss, while only 5 of 17
patients (29%) yielded stable CAL levels.13 From
these findings, SRP in patients with advanced peri-
odontal disease was considered to show lack of effi-

cacy, especially at sites where the access to micro-
bial deposits and the removal of biofilm-coated
microorganisms on root cementum were limited. The
CAL changes over the 5-year period ranged between
+0.3 and −0.3 mm, exceeding by far those observed
in our study. In a prospective 5-year follow-up study
where root planing was compared to flap surgery, it
was documented that intraosseous defects cannot be
maintained by SRP alone and require surgical inter-
vention.18 These findings, together with our results,
support the hypothesis that, in a long-term perspec-
tive, the efficacy of periodontal therapy in severe con-
ditions predominantly depends on an appropriate sur-
gical management of periodontal defects combined
with an adequate reinstrumentation during mainte-
nance care.

Breakdown sites were examined using threshold
methods24 and mean and site-based changes.23 The
incidence of periodontal sites experiencing disease
progression remained markedly low, ranging from
5.3% after periodontal therapy to 2.2% at the final 5-
year reevaluation. The number of failing sites in our
study corresponds with data from a 7-year evalua-
tion of periodontal therapy where the annual inci-
dence of breakdown sites was 1.9% following modi-
fied Widman flap surgery for initial PD 5 to 6 mm, and

Table 4.

Frequency Distribution of CAL Changes (mean � SD)

Frequency Distribution of CAL Changes

Time CAL Change (mm) N ≥ – 4 –3 –2 –1 0 +1 +2 +3 ≥ + 4

Baseline-3 months 2.23 ± 0.9 % — — — 2.0 5.1 29.3 26.3 18.2 19.1
(99) — — — (2) (5) (29) (26) (18) (19)

At 6 months 0.05 ± 0.4 % — 5.3 5.3 2.4 36.8 23.7 5.1 — 1.3
(76) — (4) (4) (17) (28) (18) (4) — (1)

At 1 year –0.09 ± 0.7 % — 2.0 9.2 21.4 35.7 16.3 12.2 2.0 1.0
(98) — (2) (9) (21) (35) (16) (12) (2) (1)

At 2 years 0.01 ± 0.6 % 1.4 — 8.3 19.4 34.7 27.8 4.2 4.2 —
(72) (1) — (6) (14) (25) (20) (3) (3) —

At 3 years –0.04 ± 0.5 % — 4.1 12.2 6.8 43.2 23.0 6.8 2.7 1.4
(74) — (3) (9) (5) (32) (17) (5) (2) (1)

At 4 years 0.14 ± 0.4 % — 3.9 7.8 22.1 42.9 11.7 9.1 2.6 —
(77) — (3) (6) (17) (33) (9) (7) (2) —

At 5 years 0.34 ± 0.4 % — 2.2 16.1 20.4 40.9 14.0 3.2 3.2 —
(93) — (2) (15) (19) (38) (13) (3) (3) —
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3.8% for initial PD ≥7 mm.16 When a stepwise
approach to determine attachment level changes was
utilized, disease progression in established periodon-
titis was detected in 8.3% of periodontal sites over a
9-month period.19 In another setting to define clini-
cal attachment loss, the so-called incidence density
(time to event) analytic strategy, the annual rate for
active sites with a selected cut-off >3 mm was 2.1%.27

Hence, although the threshold approach to define
attachment loss applied to our database might result
in some over- or underestimation of the number of
breakdown sites,23 the present findings indicate that
the rate of progressing sites in treated aggressive
periodontitis is similar to chronic periodontal disease
once the disease is resolved by treatment means
reported herein.

Our results provide support for the hypothesis that
a consistent resolution of aggressive periodontal dis-
ease as evidenced by the decrease of CAL can be
achieved utilizing a mechanical/surgical and antimi-
crobial treatment approach. Since aggressive peri-
odontal inflammation is characterized by an upregu-
lation of neutrophil recruitment that initiates severe
injuries at multiple periodontal sites,6 treatment prin-
ciples should comprise both the surgical remodeling
of long-term inflammatory altered periodontal tissues
plus the control of periodontal bacteria eliciting leuko-
cyte recruitment by systemic administration of antibi-
otics. These observations agree with findings from a
meta-analysis of periodontal treatment14 that favors

surgical therapy in advanced
disease severity settings, and
when the major outcome is
aimed at improvement of clini-
cal attachment levels.

Within the limitations of our
study, the following conclusions
may be drawn: 1) in aggressive
periodontitis, comprehensive
mechanical/surgical and antimi-
crobial therapy is an appropri-
ate treatment regimen for long-
term stabilization of periodontal
health, and 2) periodontal dis-
ease progression can be suc-

682 Clinical Attachment Level Changes in Aggressive Periodontitis

Table 5.

Frequency of CAL Changes Employing a
Threshold of ≥3 mm

Frequency Distribution of CAL Change

Time Total Category* % N

Baseline-3 months 99 ≥ + 3 mm (B) 37.3 (37)
–2 to +2 mm (S) 62.7 (62)
≥ – 3 mm (W) — (—)

At 6 months 76 ≥ + 3 mm (B) 1.3 (1)
–2 to +2 mm (S) 93.4 (71)
≥ – 3 mm (W) 5.3 (4)

At 1 year 98 ≥ + 3 mm (B) 3.0 (3)
–2 to +2 mm (S) 95.0 (93)
≥ – 3 mm (W) 2.0 (2) 

At 2 years 72 ≥ + 3 mm (B) 4.2 (3)
–2 to +2 mm (S) 94.4 (68)
≥ – 3 mm (W) 1.4 (1)

At 3 years 74 ≥ + 3 mm (B) 4.1 (3)
–2 to +2 mm (S) 91.8 (68)
≥ – 3 mm (W) 4.1 (3) 

At 4 years 77 ≥ + 3 mm (B) 2.6 (2)
–2 to +2 mm (S) 93.5 (72)
≥ – 3 mm (W) 3.9 (3)

At 5 years 93 ≥ + 3 mm (B) 3.2 (3)
–2 to +2 mm (S) 94.6 (88)
≥ – 3 mm (W) 2.2 (2)

*B = better; S = same; W = worse.

Figure 2.
Periodontal breakdown sites during the
5-year trial.
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cessfully arrested in 95% of the initially compromised
lesions, while 2% to 5% elicited discrete or recurrent
episodes of loss of periodontal support.
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