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Abstract
Aim: The aim of this single-blind, randomized, parallel-designed clinical trial
(RCT) was to evaluate the clinical and microbiological effects of three sustained-
release biodegradable polymers delivered into periodontal pockets following ini-
tial periodontal therapy.
Methods: Forty-seven patients (28 females and 19 males) with a mean age of 51
years (range 29–71) underwent a periodontal examination at baseline (i.e. Week
0) and after 18weeks. This included the assessment of the Plaque Index (PlI),
Bleeding on Probing (BOP), Pocket Probing Depths (PPD) and Probing Attach-
ment Levels (PAL) at six sites per tooth. Two to 4months prior to baseline, all
subjects had received initial periodontal therapy including motivation, instruc-
tion in oral hygiene practices and full-mouth scaling and root planing. At the
treatment appointment (i.e. Week2), the patients were randomly assigned to
receive either Atridox , ElyzolA Dental Gel or PerioChipA at all residual peri-
odontal pockets with a probing depth �5mm and concomitant BOP. In accord-
ance with the manufacturer’s recommendations, ElyzolA Dental Gel was applied
for a second time 7days later. In addition to the clinical evaluation, subgingival
microbiological samples were collected prior to treatment (i.e. Week2) and at
Weeks4 and 18. Analysis of variance/covariance was used to evaluate changes
from baseline to Week18 for the clinical parameters.
Results: Between the baseline and 18-week examinations, subjects treated with
Atridox showed a significantly greater gain in mean PAL of 0.33mm∫0.09
(SD) than subjects treated with ElyzolA Dental Gel [0.03mm∫0.09 (SD)] (pΩ
0.03). However, the gain in PAL of 0.16mm∫0.10 (SD) found after PerioChipA

application did not differ significantly from that obtained following the appli-
cation of AtridoxTM (pΩ0.27). Of the sites treated with AtridoxTM, 42% gained
�1mm PAL and 9%�2mm PAL as opposed to the sites treated with ElyzolA

Dental Gel, in which 34% gained �1mm PAL and 8% gained �2mm PAL. Of
the sites treated with PerioChipA, 36% gained �1mm and 6% gained �2mm
PAL following a completed initial periodontal therapy.
Conclusions: The application of the three biodegradable sustained release devices
tested following initial periodontal therapy resulted in a statistically significant gain Key words: biodegradable drug delivery
in mean PAL for AtridoxTM and a significant reduction in PPD for all three systems; microbiological effects; periodontal

disease; periodontal therapy; randomizeddevices during the study period. Furthermore, when sites treated with Atri-
clinical trial (RCT)doxTM were compared with sites treated with ElyzolA, a significant difference in

mean PAL gain (0.3mm) was observed. Accepted for publication 2 July 2001
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The presence of bacterial plaque repre-
sents the principal etiologic factor in-
volved in the initiation and progression
of inflammatory periodontal diseases
(for review see Offenbacher 1996 and
Zambon 1996). The inflammatory host
response resulting from this bacterial
infection may lead to progressive de-
struction of the supporting periodontal
structures. Therefore, one of the key
elements of periodontal therapy is to
achieve a significant reduction or even
eradication of suspected periodontal
pathogens. Regular and adequate oral
hygiene combined with non-surgical
mechanical debridement such as scaling
and root planing and, in some in-
stances, additional surgical therapy
using access flaps have been docu-
mented extensively (for review see Pal-
canis 1996) to successfully arrest the
progression of periodontal tissue de-
struction.

A novel non-mechanical approach
aimed at eliminating the subgingival
microbiota consists of the administra-
tion of local biodegradable sustained-
release antimicrobial agents into peri-
odontal pockets. This additional ther-
apy should provide an antimicrobial
concentration adequate to penetrate a
biofilm in the periodontal pocket for
prolonged time periods. Prolonged de-
livery of an antimicrobial agent sub-
stantially above (i.e. 80–100times) its
minimum inhibitory concentration
(MIC) in vitro is of particular import-
ance because of the organization of the
subgingival microbiota as a biofilm.

Several biodegradable local delivery
systems containing different anti-
microbial agents have recently been de-
veloped and introduced to the market
as an adjunctive measure to mechanical
therapy or even as an independent
monotherapy (for review see
Greenstein & Polson 1998 and Rams &
Slots 1996). Numerous studies have in-
vestigated the use of biodegradable sus-
tained-release polymers or gels either
during initial periodontal therapy (Ain-
amo et al. 1992, Garrett et al. 1999,
Jeffcoat et al. 1998, Lie et al. 1998,
Klinge et al. 1992, Noyan et al. 1997,
Pedrazzoli et al. 1992, Polson et al.
1997, Soskolne et al. 1997) or during
supportive periodontal therapy (Gar-
rett et al. 2000, Riep et al. 1999, Rud-
hart et al. 1998, Stelzel & Flores-de-Ja-
coby 1996, Stelzel & Flores-de-Jacoby
1997). However, no data are available
to determine the treatment outcomes of
biodegradable sustained-release poly-

Table 1. Demographic characteristics and smoking history

ElyzolA PerioChipA AtridoxTM Total

Males 6 6 7 19
Females 10 9 9 28
Mean age, years 52 54 47 51
Age range 38–65 43–71 29–61 29–71
Never smoked 8 5 8 21
Current smokers 4 5 5 14
Former smokers 4 5 3 12

mers applied at the time of reevaluation
following initial periodontal therapy in
sites not satisfactorily responding to
treatment. Only a few studies have ad-
dressed their use in recurrent or persist-
ent periodontal lesions, a potentially
valuable area of application (Kinane &
Radvar 1999, Radvar et al. 1996).
Therefore, the aim of this study was to
evaluate the clinical and microbiologi-
cal outcomes of three sustained-release
biodegradable polymers delivered into
periodontal pockets following initial
periodontal therapy.

Material and Methods
Study design

This 4-month, single-center study fol-
lowed a randomized, parallel, single-
blind design to compare the clinical and
microbiological results of subgingivally
administered (i) 8.5% doxycycline hycl-
ate (Atridox , Block Drug Corpor-
ation, Inc., Jersey City, NJ, USA) (ii)
25% metronidazole benzoate (ElyzolA

Dental Gel, Dumex Ltd, Copenhagen,
Denmark), and (iii) chlorhexidine glu-
conate (PerioChipA, Perio Products
Ltd, Jerusalem, Israel). The subjects of
this study had been diagnosed with
chronic periodontitis and had received
full-mouth scaling and root planing 2–

Fig. 1. Comparison of the ETSA total cultivable counts (TC) at baseline and 2 weeks later.
Within groups the subjects are sorted by the baseline TCs.

4months prior to baseline examination.
Subjects between 25 and 75years of age
were included if they had a minimum of
two teeth, distributed in the mouth to
represent isolated experimental units
(i.e. at least one tooth apart), with an
approximal residual periodontal pocket
of at least 5mm that bled on probing.
Each subject had at least two sites at
two separate teeth, fulfilling these cri-
teria. Subjects were not included if they
were using any contraindicated medi-
cations, presented with compromised
systemic conditions, or had received
scaling and root planing within the last
2months. Teeth were not included if the
depth of the pocket extended to the
apex of the tooth because of possible
endodontic/periodontal complications.
No peri-implant sites were studied. A
total of 51 subjects were entered into
the study of which 47 completed the 4-
month examination.

Treatment procedures

Each subject was assigned to one of
three treatment groups according to a
computer-generated randomization
code. All sites with a PPD �5mm were
treated. The formulation containing
doxycycline hyclate (DH) was a solu-
tion containing 8.5% weight to weight
doxycycline hyclate, 37% weight to
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weight poly DL-lactide (PLA) dissolved
in a biocompatible carrier of 63%
weight to weight N-methyl-2-pyrrol-
idone (NMP) (Atridox). Atridox is
composed of two separate syringes that
are coupled together just prior to use
and mixed for 100 cycles. Once mixed,
Atridox was allowed to sit at room tem-
perature for 15min and then mixed for
another 10 cycles before use. A 23-
gauge blunt cannula was attached to
the delivery syringe and Atridox was in-
jected into the periodontal pocket. Any
overflow material was gently packed
into the pocket with a moist instrument
in order to speed coagulation of
polymer.

Elyzol Dental Gel is an off-white
semisolid suspension of 1g metronida-
zole benzoate equivalent to 25% me-
tronidazole. A second application of
Elyzol Dental Gel was performed 7
days after baseline treatment in accord-
ance with manufacturer’s recommenda-
tions. All qualifying sites were treated
and no periodontal dressing was used.

The PerioChip is a small, bullet-
shaped, thin film containing 2.5mg
chlorhexidine gluconate incorporated
in a biodegradable matrix of cross-
linked hydrolyzed gelatin. After isolat-
ing and drying the area, one PerioChip
was completely inserted into each peri-
odontal pocket using a pair of forceps.

Evaluation of treatment effect

Clinical parameters were assessed and
microbial samples were taken by an in-
vestigator who was not involved in
treatment and who was unaware of the
choice of treatment provided. Clinical
parameters were recorded at baseline
and 18weeks after treatment. The peri-
odontal examination included the as-
sessment of Probing Pocket Depth
(PPD), Probing Attachment Level
(PAL), Bleeding on Probing (BOP) and
Plaque Index (PlI) (Silness & Löe 1964)
at six sites per tooth using a University
of North Carolina (UNC) 15 manual
periodontal probe. In addition, a check
of adverse events, dental procedures
and the use of concomitant medications
was performed 2 and 6weeks after base-
line treatment.

The subgingival microbiota was
sampled using sterile endodontic paper
points at the two predetermined loca-
tions at baseline, as well as 2 and 18
weeks after treatment. The samples
were transported to the laboratory
under anaerobic conditions within 15

Table 2. Frequency of detection at baseline (1), Week 2 (2), and Week 18 (3) of P. gingivalis
(PGI), P. intermedia/nigrescens (PIN), P. melaninogenica Group (PMG), B. forsythus (BFO),
Fusobacterium sp. (FUS), C. rectus. (CRE), and A. actinomycetemcomitans (AAT). Black
fields indicate positive status, each line represents one site

PGI PIN BMG BFO FUS CRE AAT

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

ElyzolA H H H H H H H H H
H H H H H H H H H H H

H H H H H H H H
H H H H H H H
H H H H H H H H H H H

H H H H H
H H H H H H H H H

H H H H H H H H H H
H H H H H H H H H H H H H H
H H H H H H H H H H H H H H H

H H H H H H H H H H
H H H H H H H H H H

H H H H H H H H H H
H H H H H H H H H

H H H H H H H H H
H H H H H H H

H H H H H H H
H H H H H H H H H
H H H H H H H H H
H H H H H H H

H H H H H H H H H H
H H H H H H H H H H H H
H H H H H H H H H
H H H H H H H H H
H H H H H H H H H
H H H H H H

H H H H H H H H H H H H
H H H H H H H

H H H H H H H H H H H H
H H H H H H H H H H H H

H H H H H H H H H
H H H H H H H

PerioChipA H H H H H H H H H H H H H
H H H H H H H

H H H H H H H H
H H H H H H H

H H
H H H H H

H H H H H H H
H H H H H

H H H H H H
H H H H H H H H

H H H H H H H H
H H H H H H H H H

H H H H H H
H H H H H H
H H H H H H H
H H H H H
H H H H H H H H H H H
H H H H H H H H H
H H H H H H H H H H H
H H H H H H H H

H H H H H H H H H H H H H H
H H H H H H H H H H H H

H H H H H H H H H H H
H H H H H H H H H H

H H H H H H H H H H
H H H H H H H H H H H H H
H H H H H H H H
H H H H H

H H H H H H H H H H H
H H H H H H H H H H H H H



Local biodegradable antimicrobial therapy 543

Table 2. Continued

PGI PIN BMG BFO FUS CRE AAT

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

AtridoxTM H H H H H H H H H H H H
H H H H H H H

H H H H H H
H H H H

H H H H H H
H H H H H

H
H H H H H

H H H H H
H H H

H H H
H H H H H H H H

H H H H H
H H H H

H H H H H H H H H
H H H H H H H H

H H H H H H H
H H H H H H H H H
H H H H H

H H H H H H
H H H H H H

H H H H H H H H H H H
H H H H H H H
H H H H H H H H H
H H H H H H H H

H H H
H H H H H

H H H H H H H H H H H H H
H H H H H H H H H H H H

H H H H H H H H H H H H H H
H H H H H H H H H H H H H

H H H H H H H
H H H H H H H H H H H H

min. They were serially diluted and
plated in a standardized way onto En-
riched Tryptic Soy Agar (ETSA) (Syed
et al. 1980) and Tryptic soy-Serum-Bac-
itracin-Vancomycin agar (TSBV) (Slots
1982). ETSA plates were anaerobically
incubated in an anaerobic chamber,
containing an atmosphere of 85% N2,
10% H2 and 5% CO2. TSBV agar plates
were incubated in a 5% CO2 air incu-
bator. Six bacterial taxa were identified
from the anaerobic culture based on the
Gram-stain, aerotolerance, motility, es-
culin hydrolysis, nitrate reduction, in-
dole production, a-glucosidase and N-
benzoyl-DL-arginine-2-trypsin hydroly-
sis, oxidase and catalase activities: Por-
phyromonas gingivalis, Prevotella inter-
media/nigrescens, Prevotella melaninog-
enica Group (indole negative black
pigmenting Gram-negative bacilli, in-
cluding P. melaninogenica, P. loescheii
and P. denticola), Bacteroides forsythus,
Fusobacterium spp., and Campylobacter
rectus. On TSBV agar, Actinobacillus
actinomycetemcomitans was identified

based on its colony morphology and a
positive catalase test. For the details of
the microbiological procedures the
reader is referred to Keller et al. (1998).

Data analysis

The primary objectives of this study
were assessed using an analysis of vari-
ance/covariance to compare the changes
in clinical parameters and in total aer-
obic and anaerobic bacterial counts and
specific periodontal pathogens between
baseline and Month4. The null hypoth-
esis was that no difference existed in
clinical parameters and total aerobic
and anaerobic bacterial counts and spe-
cific periodontal pathogens between the
three treatment groups. The alternative
hypothesis was that a difference existed
between the three groups.

The total colony counts on anaerobic
ETSA were transformed into Colony
Forming Units (CFU) per sample (i.e.
per 1mL transport fluid) using prede-
termined conversion factors to account

for dilution and the size of the evalu-
ated surface on the plate. One colony of
a target organism growing on a plate
inoculated with the lowest dilution of
the sampleª the minimal requirement
for a positive detectionªcorresponded
to 5¿102 CFU in the sample. Bacterial
counts were subject to a log transform-
ation as follows: log (count π1). All
statistical tests were 2-tailed and con-
ducted at a significance level of p�0.05.

The protocol and the informed con-
sent were approved by the local human
subjects review committee.

Results

Table1 summarizes the demographic
characteristics and smoking history of
the three treatment groups. A total of
28 females and 19 males were randomly
assigned to one of the three treatment
modalities according to a computer-
generated code. No statistically signifi-
cant differences were found between
any of the treatment groups.

The principal parameters evaluated
were mean changes in Pocket Probing
Depth (PPD) and Probing Attachment
Level (PAL) as well as changes in total
aerobic and anaerobic bacterial counts
(i.e. CFU/mL) and specific periodontal
pathogens between baseline and Week
18.

Figure1 shows for each subject a
comparison of the ETSA total culti-
vable counts (TC) at baseline and 2
weeks later. The subjects are sorted first
by treatment group and then by the
baseline TCs. TC differences between
groups were not significant at baseline.
However, only 14 out of the 32 sites
treated with Elyzol showed lower total
counts after treatment than at baseline,
whereas 20 out of the 30 sites treated
with PerioChip and 24 out of 32 sites
treated with Atridox showed lower
counts. An increase or no change in
TCs was observed in 18 sites treated
with Elyzol A, in 10 sites treated with
PerioChip and in eight sites treated with
Atridox. These differences were statisti-
cally significantly different by Chi-
square analysis (p�0.02). Figure1 also
indicates that the treatments seemed to
be more effective in sites with baseline
TCs exceeding 106 CFU/mL than in
sites with lower counts. All nine sites in
the Atridox group with a baseline TC
�106 CFU/mL showed a decrease to
counts below 106. In the PerioChip
group, this was achieved in eight out of
11 sites, and in the Elyzol gel group in
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only four out of 10 sites. An analysis of
variance on the TC change from base-
line to Month4, including the baseline
TCs as a covariable did not show a stat-
istically significant difference between
the treatment groups.

Table2 shows the frequency of detec-
tion of the seven target organisms
monitored in this study. Prevotella in-
termedia and Fusobacterium spp. were
the most frequently detected target or-
ganisms before as well after treatment.
None of the three tested procedures was
able to suppress these organisms sig-
nificantly below detection levels. With
regard to Porphyromonas gingivalis, at
Week2 all monitored sites in the Atri-
dox group were negative, whereas one
site was found positive in the PerioChip
group, and three in the Elyzol group.
Actinobacillus actinomycetemcomitans
could no longer be detected at Week2
in all but one site in the Atridox group,
and in all but three in the two other
groups. At Week18, reductions were no
longer significant and no significant dif-

Table 3. Attachment level changes at all experimental sites (mean ∫ SD)

Change Change
Treatment group within vs.
(n Ω subjects) Baseline Month 4 group AtridoxTM

Elyzol (n Ω 16) 5.01 ∫ 0.35 4.98 ∫ 0.34 0.03 ∫ 0.10 P Ω 0.014
PerioChip (n Ω 15) 5.25 ∫ 0.46 5.09 ∫ 0.42 0.16 ∫ 0.12 P Ω 0.078
Atridox (n Ω 16) 4.61 ∫ 0.26 4.28 ∫ 0.23 0.33 ∫ 0.08a

ap Ω 0.001

Table 4. Frequency distribution of attachment level changes at all experimental sites

ElyzolA PerioChipA AtridoxTM

(n Ω sites) n % n % n %

Gain � 1 mm 57 34% 52 36% 71 42%
Gain � 2 mm 13 8% 9 6% 15 9%
Loss � 1 mm 48 29% 31 22% 29 17%a

Loss � 2 mm 11 7% 6 4% 4 2%
ap Ω 0.013 vs. Elyzol.

Table 5. Probing depth changes at all experimental sites (mean ∫ SD)

Change Change
Treatment group within vs.
(n Ω subjects) Baseline Month 4 group AtridoxTM

Elyzol (n Ω 16) 5.38 ∫ 0.07 5.12 ∫ 0.12 0.25 ∫ 0.10a p Ω 0.42
PerioChip (n Ω 15) 5.31 ∫ 0.14 5.04 ∫ 0.15 0.27 ∫ 0.10b p Ω 0.53
Atridox (n Ω 16) 5.22 ∫ 0.09 4.90 ∫ 0.09 0.33 ∫ 0.08a

ap Ω 0.018.
bp Ω 0.021.
cp Ω 0.001.

ference between the three treatments
existed.

Mean PAL changes for all experimental
sites

Mean PAL changes for all subjects are
presented in Table3. All treatment
groups showed a gain in PAL from
baseline to Week18. However, the
within-group comparison revealed that
only subjects treated with Atridox
reached a statistically significant gain in
mean PAL (pΩ0.001). Between base-
line and the Week18 examinations, the
patients treated with Atridox showed a
significantly greater gain in mean PAL
of 0.33mmπ0.09 (SD) than the pa-
tients treated with Elyzol [0.03mmπ
0.09 (SD)] (pΩ0.03). However, the gain
in PAL of 0.16mmπ0.10 (SD) found
after the application of PerioChip was
not significantly different from that ob-
tained following the application of Atri-
dox (pΩ0.27).

Frequency distribution of PAL changes for
all experimental sites

Table4 presents the percentage of PAL
changes for all sites between baseline
and Week 18. The proportion of sites
that exhibited a gain of �1mm or a
gain of �2mm PAL was similar for all
three treatment groups. However, the
group treated with Elyzol showed a sig-
nificantly higher proportion of sites
that lost �1mm PAL when compared
to the group treated with Atridox (29
vs. 17% at pΩ0.013).

Mean PPD changes for all experimental
sites

Mean changes in PPD for all subjects
are presented in Table5. All treatment
groups showed a significant decrease in
PPD from baseline to Week 18. The de-
crease in PPD was 0.25mm∫0.10 (SD)
in the group treated with Elyzol (pΩ
0.018), 0.27mm∫0.10 (SD) in the
group treated with PerioChip (pΩ
0.021) and 0.33mm∫0.08 (SD) in the
group treated with Atridox (pΩ0.001).
However, no significant differences were
found when PPD reduction in the pa-
tients treated with Atridox was com-
pared with those treated with Elyzol or
PerioChip.

Frequency distribution of PPD changes at
all experimental sites

Table6 shows the frequency of PPD
changes for all sites treated. No signifi-
cant differences in the proportion of
sites showing a decrease or an increase
in probing depth of �1mm or �2mm
were found when the three treatment
groups were compared.

Mean PAL changes in sites with 5mm PPD
at baseline

Table7 presents PAL changes for sites
with 5mm PPD at baseline. Sites
treated with either PerioChip or Atri-
dox showed a gain in PAL between
baseline and Week 18, whereas sites
treated with Elyzol showed a minimal
loss in PAL. However, only the PAL
gain observed in the sites treated with
Atridox reached statistical significance
(pΩ0.001). The gain in PAL of 0.23
mmπ0.07 (SD) found after the appli-
cation of Atridox was significantly dif-
ferent from that obtained following the
application of Elyzol (pΩ0.0007), but
only approached statistical significance
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Table 6. Frequency distribution of probing depth changes at all experimental sites

ElyzolA PerioChipA AtridoxTM

(n Ω sites) n % n % n %

Decrease �1 mm 59 34% 42 29% 59 35%
Decrease �2 mm 18 10% 8 6% 8 5%
Increase �1 mm 25 15% 17 12% 15 9%
Increase �2 mm 5 3% 1 1% 0 0%

Table 7. Attachment level changes at sites with 5 mm probing depth at baseline (mean ∫ SD)

Change Change
Treatment group within vs.
(n Ω sites) Baseline Month 4 group AtridoxTM

Elyzol (n Ω 128) 4.57 ∫ 0.12 4.63 ∫ 0.13 ª 0.06 ∫ 0.08 p Ω 0.0007
PerioChip (n Ω 119) 4.48 ∫ 0.14 4.40 ∫ 0.14 0.08 ∫ 0.08 p Ω 0.056
Atridox (n Ω 144) 4.34 ∫ 0.11 4.09 ∫ 0.10 0.23 ∫ 0.07a

ap Ω 0.001.

Table 8. Frequency distribution of attachment level changes at sites with 5 mm probing depth
at baseline

ElyzolA PerioChipA AtridoxTM

(n Ω sites) n % n % n %

Gain �1 mm 38 31% 41 35% 58 41%
Gain �2 mm 5 4% 8 7% 11 8%
Loss �1 mm 37 30% 28 24% 24 17%a

Loss �2 mm 10 8% 5 4% 4 3%
ap Ω 0.012 vs. Elyzol A

Table 9. Probing depth changes at sites with 5 mm probing depth at baseline (mean ∫ SD)

Change Change
Treatment group within vs.
(n Ω sites) Baseline Month 4 group AtridoxTM

Elyzol (n Ω 128) 5.00 ∫ 0.00 4.80 ∫ 0.09 0.20 ∫ 0.09a p Ω 0.599
PerioChip (n Ω 119) 5.00 ∫ 0.00 4.82 ∫ 0.06 0.18 ∫ 0.06b p Ω 0.383
Atridox (n Ω 144) 5.00 ∫ 0.00 4.75 ∫ 0.06 0.25 ∫ 0.06c

ap Ω 0.025.
bp Ω 0.006.
cp � 0.001.

when compared to that of the sites
treated with PerioChip (pΩ0.056).

Frequency distribution of PAL changes in
sites with 5mm PPD at baseline

Table8 presents the percentage of PAL
changes for all sites between baseline
and Week 18. No significant differences
were observed in the proportion of sites
gaining �1mm or �2mm when the
three treatment groups were compared.
However, the percentage of sites treated
with Atridox that lost �1mm was sig-
nificantly lower when compared to that

of the sites treated with Elyzol (17 vs.
30% at pΩ0.012).

Mean PPD changes in sites with 5mm PPD
at baseline

Table9 presents PPD changes for sites
with 5mm PPD at baseline. All treat-
ment groups showed a statistically sig-
nificant decrease in PPD from baseline
to Week 18. The decrease in PPD
amounted to 0.20mm∫0.09 (SD) in
the sites treated with Elyzol (pΩ0.025),
to 0.18mm∫0.06 (SD) in the sites
treated with PerioChip (pΩ0.006) and

to 0.25mm∫0.06 (SD) in the sites
treated with Atridox (p�0.001). How-
ever, no significant differences were
found when the PPD reduction in the
sites treated with Atridox was com-
pared with that of the sites treated with
either Elyzol or PerioChip.

Frequency distribution of PPD changes in
sites with 5mm PPD at baseline

Table10 presents the percentage of PPD
changes for sites with 5mm PPD at
baseline to Week 18. The proportion of
sites treated with PerioChip that de-
creased by �1mm in depth (12%) was
significantly lower when compared to
those treated with Elyzol A(32%) or
Atridox (31%) (p�0.001). Further-
more, the percentage of sites treated
with Atridox that increased by �1mm
in depth (9%) was significantly lower
when compared to that of sites treated
with PerioChip (25%) (p�0.001). No
sites treated with Atridox showed an in-
crease in depth of �2mm. This was
statistically significant when compared
to the sites treated with either Elyzol
(3%) or PerioChip (4%) (pΩ0.047 and
pΩ0.018 respectively).

Mean PAL changes in sites with 6mm PPD
at baseline

Table11 presents PAL changes for sites
with 6mm PPD at baseline. All treat-
ment groups showed gain in PAL from
baseline to Week 18. Sites treated with
either Elyzol or Atridox showed a sig-
nificant gain in PAL of 0.44mm∫0.19
(SD) and 0.59mm∫0.22 (SD) (pΩ
0.023 and pΩ0.014, respectively). How-
ever, no statistically significant differ-
ences were found when the PAL gain in
the sites treated with Atridox was com-
pared with that of the sites treated with
either Elyzol or PerioChip.

Frequency distribution of PAL changes in
sites with �6mm PPD at baseline

Table12 presents the frequency distri-
bution of PAL changes for sites �6mm
at baseline to Week 18. No significant
differences in the proportion of sites
gaining or losing �1mm and �2mm
PAL were found when the three treat-
ment groups were compared.
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Mean PPD changes in sites with �6mm
PPD at baseline

Table13 presents PPD changes for
sites with PPD �6mm at baseline. All
three treatment groups showed a stat-
istically significant decrease in PPD
from baseline to Week 18. The de-
crease in PPD was 0.56mm∫0.17

Table 10. Frequency distribution of probing depth changes at sites with 5 mm probing depth
at baseline

ElyzolA PerioChipA AtridoxTM

(n Ω sites) n % n % n %

Decrease �1 mm 40 32%a 14 12% 44 31%b

Decrease �2 mm 10 8%c 0 0% 4 3%
Increase �1 mm 21 17% 30 25% 13 9%d

Increase �2 mm 4 3%e 5 4%f 0 0%
ap Ω 0.001 vs. PerioChip.
bp � 0.001 vs. PerioChip.
cp Ω 0.002 vs. PerioChip.
dp � 0.001 vs. PerioChip.
ep Ω 0.047 vs. Atridox.
fp Ω 0.018 vs. Atridox.

Table 11. Attachment level changes at sites with � 6 mm probing depth at baseline (mean ∫
SD)

Change Change
Treatment group within vs.
(n Ω sites) Baseline Month 4 group AtridoxTM

Elyzol (n Ω 48) 6.56 ∫ 0.22 6.02 ∫ 0.25 0.44 ∫ 0.19a p Ω 0.336
PerioChip (n Ω 24) 7.56 ∫ 0.46 7.21 ∫ 0.45 0.35 ∫ 0.18 p Ω 0.117
Atridox (n Ω 27) 6.89 ∫ 0.37 6.30 ∫ 0.36 0.59 ∫ 0.22b

ap Ω 0.023.
bp Ω 0.014.

Table 12. Frequency distribution of attachment level changes at sites Ω 6 mm probing depth
at baseline

ElyzolA PerioChipA AtridoxTM

(n Ω sites) n % n % n %

Gain Ω1 mm 19 44% 11 46% 13 48%
Gain Ω2 mm 8 19% 1 4% 4 15%
Loss Ω1 mm 10 23% 3 13% 5 19%
Loss Ω2 mm 1 2% 1 4% 0 0%

Table 13. Probing depth changes at sites with � 6 mm probing depth at baseline (mean ∫ SD)

Change Change
Treatment group within vs.
(n Ω sites) Baseline Month 4 group AtridoxTM

Elyzol (n Ω 48) 6.52 ∫ 0.09 5.96 ∫ 0.20 0.56 ∫ 0.17a p Ω 0.578
PerioChip (n Ω 24) 6.75 ∫ 0.19 6.29 ∫ 0.22 0.46 ∫ 0.20b p Ω 0.282
Atridox (n Ω 27) 6.56 ∫ 0.21 5.85 ∫ 0.25 0.70 ∫ 0.20c

ap Ω 0.003.
bp Ω 0.031.
cp Ω 0.002.

(SD) in the group treated with Elyzol
(pΩ0.003), 0.46mm∫0.20 (SD) in the
group treated with PerioChip (pΩ
0.031) and 0.70mm∫0.20 (SD) in the
group treated with Atridox (pΩ
0.002). However, no statistically sig-
nificant differences were found when
PPD reduction in the sites treated with
Atridox was compared with that of

the sites treated with either Elyzol or
PerioChip.

Frequency distribution of PPD changes in
sites with �6mm PPD at baseline

Table14 presents the proportions of
PPD changes for sites with PPD �6
mm between baseline and Week 18. The
proportion of the sites treated with Per-
ioChip that decreased by �1mm in
depth (13%) was significantly lower
when compared to that of the sites
treated with either Elyzol A(41%) or
Atridox (56%) (pΩ0.027 and p�0.003,
respectively). Conversely, the percentage
of the sites treated with PerioChip that
increased by �1mm in depth (48%)
was significantly higher when compared
to that of the sites treated with either
Elyzol (9%) or Atridox (7%) (p�0.001
and pΩ0.003, respectively).

Discussion

This prospective RCT was designed to
compare a possible adjunctive effect of
local drug delivery devices applied into
residual periodontal pockets defined as
�5mm following initial periodontal
therapy. It has to be understood that
prior to this application, the mechan-
ical debridement performed during ini-
tial therapy in conjunction with im-
proved oral hygiene standards had a
major effect on clinical treatment out-
comes as well as on microbiological
colonization. Generally, a PPD reduc-
tion of approximately 1–1.5mm in me-
dium size pockets of 4–6mm baseline
PPD and of 2–2.5mm PPD reduction
in deeper sites exceeding 6mm baseline
PPD has to be expected (Badersten et
al. 1981, 1984, Hill et al. 1981, Mor-
rison et al. 1980, Pihlstrom et al. 1983,
Westfelt et al. 1985). This occurs con-
comitantly with a PAL gain of approxi-
mately 0.5mm and 1.5mm in the me-
dium size (4–6mm PPD) and the deep
(�6mm PPD) pockets, respectively.
Any additional pocket reduction or
gain of PAL would therefore represent
a true clinical benefit and hence may de-
crease the need for additional peri-
odontal surgery. Mechanical debride-
ment during initial periodontal treat-
ment results in significant changes in
the composition of the subgingival
microbiota and generally reduces the
bacterial load by at least 2 logs (Loos
et al. 1988, Magnusson et al. 1984,
Mousquès et al. 1980, Pedrazzoli et al.
1992, Sbordone et al. 1990). The altered
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Table 14. Frequency distribution of probing depth changes at sites with � 6 mm probing depth
at baseline

ElyzolA PerioChipA AtridoxTM

(n Ω sites) n % n % n %

Decrease �1 mm 19 41%a 3 13% 15 56%b

Decrease �2 mm 8 17% 1 4% 4 15%
Increase �1 mm 4 9%c 11 48% 2 7%d

Increase �2 mm 1 2% 2 9% 0 0%
ap Ω 0.027 vs. PerioChip.
bp Ω 0.003 vs. PerioChip.
cp � 0.001 vs. PerioChip.
dp Ω 0.003 vs. PerioChip.

bacterial composition following mech-
anical debridement represents a basis
for the healing of the periodontal
tissues finally being expressed as pocket
reduction and gain of PAL.

In the present study, the microbio-
logical parameters did not indicate a
dramatic decrease in the quantity and
composition of the subgingival micro-
biota due to any of the three treatments
rendered. Furthermore, none of the
treatments were able to eliminate the
presence of putative periodontal patho-
gens permanently. One explanation may
be the re-establishment of a subgingival
biofilm since initial therapy. This phe-
nomenon has been shown to protect
microorganisms from antimicrobial
agents. In the present study, subjects
had received full-mouth scaling and
root planing 2–4months prior to base-
line examination but were not mechan-
ically re-treated before the anti-
microbial agents were placed. In other
studies (Kinane & Radvar 1999, Rad-
var et al. 1996), patients with persisting
pockets were treated by scaling and root
planing before the agents were placed.
Tetracycline fibers, minocycline gel and
metronidazole gel all seem to offer
some benefit over scaling and root plan-
ing alone. While it was evident from the
analysis of the detection frequency of
putative periodontal pathogens that
those were not eliminated by any of the
three locally applied antimicrobials, an
immediate effect of PerioChip and Atri-
dox on the total cultivable microbiota
(TCs) may be suggested. Between base-
line and 2weeks later, of the 30 sites
treated with PerioChip, 20 showed
lower and nine higher TCs. Following
treatment with Atridox, 24 out of 32
sites showed lower and only seven
higher TCs. Treatment with Elyzol ap-
peared to have no microbiological ef-
fects whatsoever; only 14 out of the 32

sites showed lower TCs, while 13 sites
yielded higher TCs and five sites re-
mained unchanged. The statistical
analysis revealed significant differences
longitudinally among treatments, sug-
gesting a higher potential for the reduc-
tion of bacteria after application of
both PerioChip and Atridox. The
microbiological outcomes of the pres-
ent study may at least in part explain
the relatively small beneficial clinical ef-
fects as well as the differences obtained
with the various local adjunctive ther-
apies.

All the adjunctive local antimicrobial
therapies showed beneficial clinical out-
comes, with an average PPD reduction
of approximately 0.3mm concomitant
with a gain in PAL varying between
0.03 and 0.33mm. As mentioned, these
clinical benefits are in addition to the
already marked benefits obtained by the
initial periodontal mechanical debride-
ment and have to be considered clin-
ically relevant, although on a very mod-
est level. It was also clear from the
analysis of the mean values of clinical
outcomes that application of Atridox
yielded significantly higher benefits over
both other therapies in terms of PPDs
and PALs. On the other hand, the mean
PAL of the sites treated with Elyzol and
PerioChip did not reveal any longitudi-
nal changes, indicating that the value of
their application adjunctive to mechan-
ical debridement has to be questioned.

Analyzing the frequency distribution
of single sites being treated with one of
three local antimicrobial adjunctive
drugs, it is again evident that Atridox re-
sulted in the highest proportion of clin-
ical benefits as expressed by decrease in
PPD and increase in PAL. Also, it is clear
that adjunctive Atridox application
yielded the fewest deteriorating sites as
expressed by increasing PPD (9%) and
loss of PAL (19%). On the other hand,

therapy with Elyzol after initial mechan-
ical debridement resulted in twice as
many sites with increasing PPD (18%)
and further loss of PAL (36%). It has to
be remembered, however, that only re-
sidual pockets of �5mm PPD following
mechanical debridement were included
in the present RCT.

Analyzing the deep lesions with a
PPD of �6mm following mechanical
debridement, a significant clinical bene-
fit was observed for all three treatment
modalities. PPD reductions and PAL
gain were twice those of the mean
scores of all sites included in the study.
However, owing to the small number of
these deep sites, varying between 24 and
48 for the various therapies, no statisti-
cally significant differences were ob-
served among the groups. Nevertheless,
Atridox application resulted in a clearly
superior clinical outcome, with a PPD
reduction of 0.7mm and a PAL increase
of 0.6mm following mechanical de-
bridement.

Again, analyzing the frequency distri-
bution of the deep pockets with PPD �
6mm, the greatest clinical benefits were
observed for adjunctive Atridox ther-
apy with 71% of the sites yielding de-
creased PPD and 63% of the sites with
increasing PAL, as opposed to only
17% of the sites with decreased PPD
and 50% of the sites with increasing
PAL following application of PerioCh-
ip. In these deep pockets, Elyzol ther-
apy also resulted in significantly more
sites with decreased PPD than did Per-
ioChip application. It has to be antici-
pated that very deep lesions of PPD �
6mm may be reinfected within the
course of 2months and eventually show
further progression. In the present
RCT, 11% of the Elyzol -treated sites
and even 57% of the PerioChip-treated
lesions yielded increased PPD as op-
posed to only 7% following Atridox ap-
plication.

From a clinical point of view, the
microbiological changes following the
application of Elyzol were negligible
with an equal number of sites having
slightly reduced or slightly increased
total bacterial counts. Also, no changes
in PAL were seen on an average in re-
sidual pockets �5mm following Elyzol
treatment. The value of local appli-
cation of Elyzol adjunctive to mechan-
ical debridement has therefore to be
questioned, even whenªaccording to
the manufacturer’s recommendationsª
two applications of the antibiotic were
done. This is most likely due to the very
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low half-time efficacy of the drug, as
demonstrated in in vivo studies (Stoltze
1992, 1995).

While the application of PerioChip
adjunctive to mechanical therapy re-
sulted in clinical benefits of moderate
magnitude between those obtained with
Elyzol and those with Atridox, Per-
ioChip application had very poor treat-
ment outcomes in deeper periodontal
lesions of 6mm. A remarkably higher
proportion of those sites (57%) yielded
increased PPD 4months after the appli-
cation of PerioChip. This may indicate
that the dimensions of the PerioChip
wafer do not allow efficacy beyond a
certain PPD. Since PerioChip appli-
cation was moderately effective in in-
ducing PPD reduction and gain in PAL
in all periodontal sites studied, it may
be concluded that the application of
PerioChip should not be recommended
for residual pockets of �6mm.

The application of Atridox into re-
sidual pockets of �5mm adjunctive to
mechanical debridement resulted in
clinical outcomes superior to those of
the two other local antimicrobial agents
tested. This was concomitant with su-
perior proportions of sites with reduced
total bacterial counts, indicating that
the additional successful suppression of
the subgingival microbiota following
mechanical debridement may indeed
lead to further shrinkage in residual
pockets and tightening of the peri-
odontal tissues, resulting in clinical
attachment gains. However, the order
of magnitude to be expected from such
an effort may be considered moderate
in comparison with the outcomes of ini-
tial periodontal therapy.

In conclusion, this RCT has demon-
strated that clinical outcomes were al-
most three times as high in deeper
lesions of �6mm as compared to re-
sidual pockets of 5mm. From a clinical
point of view, Atridox application
therefore may be recommended as ad-
junctive to mechanical debridement in
residual periodontal lesions of at least 6
mm. It has to be kept in mind, however,
that the clinical improvements expected
with such a treatment approach may
not eliminate the need for additional
surgical therapy.
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Zusammenfassung

Lokale antimikrobielle Therapie nach initialer
Parodontalbehandlung
Ziel: Das Ziel dieser einfachblinden, rando-
misierten, klinischen Studie mit Parallel-De-
sign (RCT) war es, den klinischen und
mikrobiologischen Effekt von 3 Medikamen-
tenträger aus biologisch abbaubaren Polyme-
ren, welche nach der initialen Parodontalbe-
handlung in parodontale Taschen einge-
bracht werden, zu evaluieren.
Methoden: Siebenundvierzig Patienten (28
Frauen und 19 Männer) mit einem Durch-
schnittsalter von 51 Jahren (Alterspanne 29-
71) wurden bei Aufnahme in die Studie (Wo-
che 0) und nach 18 Wochen einer parodonta-
len Untersuchung unterzogen. Die beinhalte-
te die Messung des Plaque-Index (PlI), der
Sondierungsblutung, der klinischen Sondie-
rungstiefe (PPD) und des klinischen Attach-
mentniveaus an 6 Stellen pro Zahn. Zwei bis
4 Monate vor der Eingangsuntersuchung er-
hielten alle Patienten eine initiale Parodon-
talbehandlung, welche Motivation, Instrukti-
on von Mundhygienemaßnahmen sowie sca-
ling und Wurzelglättung aller Zähne
einschloss. In der Behandlungssitzung (z.B.
Woche 2) wurde nach einem Zufallsprinzip
bestimmt, ob die Patienten Atridox , Ely-
zolA Dental Gel oder PerioChipA an allen
verbliebenen Taschen mit Sondierungstiefe �
5 mm bei gleichzeitiger positiver Sondie-
rungsblutung erhalten sollten. In Überein-
stimmung mit den Empfehlungen wurde Ely-
zol Dental Gel ein zweites Mal 7 Tage später
appliziert. Zusätzlich zur klinischen Evalua-
tion wurden vor der Behandlung (Woche 2)
und in Woche 4 und 18 subgingivale mikro-
biologische Proben entnommen. Die Vari-
anz/Kovarianz-Analyse wurde verwendet,
um die Veränderung der klinischen Parame-
ter zwischen der Eingangsuntersuchung und
der Woche 18 zu evaluieren.
Ergebnisse: Zwischen der Eingangs- und der
Woche 18-Untersuchung zeigten die Patien-
ten, die mit Atridox behandelt wurden einen
signifikant höheren durchschnittlichen At-
tachmentgewinn von 0.33 ∫ 0.09 (SD) als Pa-
tienten die mit Elyzol Dental Gel behandelt
wurden [0.03 mm ∫ 0.09 (SD)] (p Ω 0.03).
Jedoch unterschied sich der Attachmentge-
winn von 0.16 mm ∫ 0.10 (SD) der für Perio-
Chip vorgefunden wurde nicht signifikant
von dem, den man nach der Behandlung mit
Atridox erzielt hatte (p Ω 0.27). Im Gegen-
satz zu den Taschen, die mit Elyzol Dental
Gel behandelt wurden und von denen 34%
� 1 mm und 8% � 2 mm Attachmentgewinn
aufwiesen zeigten Taschen, die mit Atridox

behandelt wurden bei 42% � 1 mm und bei
9% � 2 mm Attachmentgewinn. Von den Ta-
schen, die nach abgeschlossener initialer Pa-
rodontalbehandlung mit PerioChip behan-
delt wurden hatten 36% � 1 mm und 6% � 2
mm Attachmentgewinn.
Schlussfolgerungen: Die Applikation von 3
biologisch abbaubaren Medikamententrä-
gern, die nach initialer Parodontalbehand-
lung erprobt wurden, hatte für Atridox einen
statistisch signifikant Attachmentgewinn
zum Ergebnis und führte während der Stu-
dienperiode für alle 3 Träger zu einer signi-
fikanten Reduktion der PPD. Desweiteren
zeigte sich, dass, wenn man Taschen, die mit
Atridox behandelt wurden, mit Taschen, die
mit Elyzol behandelt wurden, verglich, ein si-
gnifikanter Unterschied im Attachmentge-
winn (0.3 mm) beobachtet wurde.

Résumé

Traitement local antimicrobien après traite-
ment initial parodontal. Une étude clinique et
randomisée comparant 3 polymères biodégra-
dables à libération maintenue.
But: Le but de cette étude clinique en simple
aveugle, randomisée, parallèle (RCT) était
d’évaluer les effets cliniques et microbiologi-
ques de trois polymères biodégradables, à li-
beration maintenue mis en place dans des po-
ches parodontales après un traitement initial.
Méthodes: 47 patients (28 femmes et 19 hom-
mes) d’un,ge moyen de 51 ans ( de 29 à 71
ans) subirent un examen parodontal initial (
c’est à dire lors de la semaine 0) et un autre
après 18 semaines. Cet examen comprenait la
mise en évidence de l’indice de plaque (PlI),
le saignement au sondage, (BOP), les profon-
deurs de poche déterminées par sondage
(PPD), et les niveaux d’attache (PAL) sur 6
sites par dents. 2 à 4 mois avant le début de
l’étude, tous les sujets ont reçu une thérapeu-
tique initiale, avec motivation, instruction
d’hygiène orale et détartrage et surfaçage ra-
diculaire complet. Lors du rendez vous théra-
peutique (Semaine 2), les patients étaient ré-
partis au hasard pour recevoir Atridox ,
ElyzolA Dental Gel or PerioChipA sur
toutes les poches résiduelles présentant en-
core une profondeur de poche au sondage
�5 mm et un BOP correspondant. Suivant
les recommandations du fabricant, Elyzol
Dental Gel fut appliqué une seconde fois,
une semaine plus tard .En plus de l’évalua-
tion clinique, des échantillons microbiologi-
ques sous gingivaux furent prélevés avant le
traitement (semaine 2) et aux semaines 4 et
18. L’analyse de la variance et de la covarian-
ce ont été utilisées pour évaluer les modifica-
tions entre le début de l’étude et la semaine
18 pour les paramètres cliniques.
Résultats: Entre l’examen initial et l’examen
final, les sujets traités par Atridox présen-
taient un gain d’attache moyen significati-
vement plus important de 0.33 mm ∫ 0.09
(SD) que les sujets traités par Elyzol Dental
Gel [0.03 mm ∫ 0.09 (SD)] (p Ω 0.03). Cepen-
dant, le gain obtenu après l’application de
PerioChip (0.16 mm ∫ 0.10) (SD) ne différait
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pas significativement de celui obtenu après
utilization de Atridox (p Ω 0.27). Parmi les
sites traité par Atridox , 42% gagnaient �1
mm de PAL et 9% � 2 mm de PAL. Au cont-
raire, des sites traités par Elyzol Dental Gel,
parmi lesquels, 34% gaganient �1 mm de
PAL et 8% �2 mm de PAL. Parmi les sites
traités avec PerioChip, 36% gagnaient �1
mm et 6% �2 mm de PAL après l’execution
d’un traitement initial.
Conclusions: L’application des trois systèmes
biodégradables à libération maintenue, es-
sayés après execution d’un traitement paro-
dontal initial a entraı̂né un gain d’attache
moyen statistiquement significatif pour Atri-
dox et une réduction significative des profon-
deurs de poche pour les 3 systèmes pendant
la période d’étude. De plus, lorsque les sites
traités par Atridox étaient comparés aux sites
traités par Elysol, une différence de gain d’at-
tache significative (0.3 mm) était observée.
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