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T'he adjunctive use of a
controlled-release chlorhexidine
chip following treatment with a
new ultrasonic device in
supportive periodontal therapy:
a prospective, controlled clinical
study

Abstract: Objective: The aim of this randomised, split-
mouth, controlled clinical trial was to evaluate the
effectiveness of a controlled-release chlorhexidine chip

(CHX chip) as an adjunctive therapy to scaling and root
planing (SRP) with a newly developed ultrasonic device in
supportive periodontal therapy (SPT). Materials and methods:
Twenty patients with moderate-to-severe chronic periodontitis,
displaying at least four sites with probing depth (PD) =5 mm
and persistent bleeding on probing (BOP), were recruited for
the study. The target sites were randomly treated with either
a newly developed piezo-driven ultrasonic device Vector™-
or ultrasonic system (VUS) + CHX chip or VUS alone without
adjunctive antimicrobial treatment. The clinical parameters,
plague index (PI), gingival index (Gl), BOP, PD and clinical
attachment level (CAL) were recorded at baseline and after
1, 3 and 6 months. Results: At baseline, there were no
significant differences between test and control sites for any
of the investigated parameters. The average reduction of PD
and improvement in CAL was greater in the VUS + CHX chip
sites than in sites treated with the VUS alone at 1, 3 and

6 months (P < 0.05). The mean reductions on PD and CAL
were 0.7 and 0.6 mm for the control sites and 2.2 and

1.9 mm for the test sites, respectively. Also, the mean
reduction in BOP scores were higher in the VUS + CHX chip
sites compared to VUS alone at 1, 3 and 6 months

(P < 0.05). Pl scores were not significantly different between
VUS + CHX chip sites and VUS alone sites at any
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visit. Conclusion: These data suggest that CHX chip

application following SRP with the tested ultrasonic device is

beneficial in improving periodontal parameters in patients on

SPT.

Key words: adjunctive therapy; chlorhexidine chip; clinical

trial; supportive periodontal treatment; ultrasonic device

Introduction

The most important goal of supportive periodontal therapy
(SPT) is the long-term maintenance of gingival and periodon-
tal health obtained after active periodontal treatment. In a
number of clinical studies, scaling and root planing has been
shown to be an effective treatment for maintaining successful
results (1-4). However, although mechanical treatment signifi-
cantly decreases the prevalence and levels of subgingival
microorganisms, it does not necessarily eliminate all periodon-
tal pathogens (5). Therefore, several biodegradable local deliv-
ery systems containing different antibacterial agents were
proposed as an adjunct to mechanical therapy or even as a
monotherapy (6). The goal of local drug delivery systems is to
maintain effective concentrations of therapeutic agents to pen-
etrate the biofilm in the periodontal pocket for long periods,
which might be difficult to achieve due to the fact that the
gingival crevicular fluid present in a 5-mm periodontal pocket
is replaced about 40 times an hour (7). Chlorhexidine (CHX),
which has been formulated into a number of products, is a
potent antibacterial substance. Its efficacy as a topical mouth-
rinse to inhibit dental plaque and gingivitis has been well
established (8, 9); however, its access to the periodontal
pocket and the subgingival flora is limited (10).

A biodegradable CHX chip (PerioChip®, Dexcel Pharma
GmbH, Alzenau, Germany) for the controlled delivery of
CHX to the periodontal pocket has been introduced. This bio-
absorbable CHX chip enables slow subgingival release of
2.5 mg CHX within the periodontal pocket, maintaining an
average drug concentration in the gingival crevicular fluid
greater than 125 ug ml™' for 7-10 days (11). The concen-
tration of the drug remains above the minimum inhibitory
than 99% of the

microorganisms from periodontal pockets (8). The results of

concentration for more subgingival
several clinical trials have shown that the use of the CHX chip
in conjunction to scaling and root planing is effective in redu-
cing probing depth (PD), clinical attachment loss, and bleed-
ing on probing (BOP) over a 6- to 9-month period (12, 13). In
addition, the use of the controlled release CHX delivery sys-

tem during maintenance therapy allows greater improvement
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in clinical signs of periodontitis (14). The results of a multi-
centre clinical trial reported that routine periodontal mainten-
ance therapy together with the adjunctive use of the CHX
chip resulted in a continual and clinically significant reduction
in PD over a 2-year period (15). As yet, in all these studies
the potential value of the CHX chip was determined by using
it as an adjunct to mechanical scaling and root planing with
hand instruments immediately following the initial treatment
phase or within a periodontal maintenance programme. How-
ever, lately power-driven instruments, such as sonic and ultra-
sonic scalers, have been proposed to mechanize and simplify
the procedure of scaling and root planing. Numerous studies
have reported on the comparative clinical outcome of sonic
and ultrasonic versus manual instrumentation (16-18). The
authors found that debridement of 4-7 mm pockets with sonic
and ultrasonic instrumentation was as successful for healing of
diseased periodontal sites as was scaling with hand instru-
ments. Furthermore, several studies reported on an increased
efficiency of subgingival debridement with both sonic and
ultrasonic scalers, as manual instrumentation generally takes
longer to achieve the same clinical results (19, 20). Therefore
ultrasonic instrumentation must be regarded as a valuable sub-
stitute for conventional scaling with hand instruments.
Recently, a new type of ultrasonic instrument for tooth debri-
dement was introduced (VUS) (VectorTM-ultrasonic system;
Diirr

vibrations are generated at a frequency of 25 kHz, and the

Dental, Bietigheim-Bissingen, Germany). Ultrasonic
horizontal vibration of the device is converted by a resonating
ring in vertical vibration, resulting in a parallel movement of
the working tip to the root surface. Furthermore, the energy
from the instrument is transmitted to the root surface and the
periodontal tissues by a suspension of water and hydroxyapa-
tite (HA) particles. The results from a recent study, evaluating
the healing of human intrabony defects following non-surgical
periodontal treatment with the piezo-driven ultrasonic device
clinically and histologically, have shown a significant gain of
clinical attachment after 6 months (21). The histological eval-
uation revealed that healing was predominantly characterized
by the formation of a long junctional epithelium along the

instrumented root surface. In another recent study, non-surgical



periodontal therapy with the piezo-driven ultrasonic system
was compared with that of hand instruments. The results have
provided evidence that non-surgical periodontal therapy with
the piezo-driven ultrasonic system may lead to comparable
clinical improvements than those obtained with conventional
hand instruments (22).

To our knowledge, until now, there are no data available
evaluating the clinical outcomes of the CHX chip in conjunc-
tion with this novel ultrasonic system. Therefore, the purpose
of the present study was to determine the possible effect of
the CHX chip on clinical parameters of periodontitis, when
used as adjunctive therapy to non-surgical treatment with a

new type of ultrasonic instrument in a cohort of recall patients.

Material and methods
Patient selection

This trial was designed as a split-mouth, single-blinded, rand-
omised prospective study of 6-months duration. The protocol of
this study was approved by the institutional review board of eth-
ics on human research and written informed consent was
obtained from all subjects. The study was in accordance with
the Helsinki Declaration of 1975, as revised in 1983. Twenty
chronic periodontitis patients, seven males and 13 females, aged
20-60 years (mean age 42.0 = 5.6 years) participated in the
study. Patients were considered eligible if they had at least four
pockets 25 mm with persistent BOP, a minimum of 15 or more
natural teeth and completed non-surgical phase of periodontal
therapy at least 3 months prior to baseline. Exclusion criteria
included: pregnancy, antibiotics or any form of periodontal treat-
ment in the previous 3 months, teeth with furcation involve-
ment, smoking, allergy to CHX and history of systemic disease
that could affect the progression or treatment of periodontitis.

No peri-implant sites were included in the study.

Treatments

An outline of the present study treatments is presented in
Fig. 1. All participants received supragingival scaling and a
prophylaxis of all teeth 2 weeks prior to the study. At baseline,
clinical measurements were performed and patients were ran-
domly assigned to one of the two treatment groups; subgingi-
val debridement with the novel ultrasonic system (VUS-control
sites) using straight and curved metal curettes and a polishing
fluid (HA particles <10 gm) according to the instructions given
by the manufacturer alone or subgingival debridement with
the VUS followed by placement of a CHX chip (VUS plus
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Supragingival Scaling
2 weeks
A
Baseline
VUuS VUS + CHX chip
1 month 1 month
3 months 3 months
VUS alone (PPD = 5 mm) VUS + CHX chip (PPD > 5mm)
6 months 6 months

Fig. 1. Schematic outline of the study.

CHX chip-test sites). The Vector™ straight probe was used
for the instrumentation of all vestibular and oral surfaces,

M curette was used for the

whereas the according Vector ™
cleaning of the approximal surfaces. Instrumentation of all tar-
get sites was performed until the operator felt that the root
surfaces were adequately debrided and planed without any set-
ting of time standards. Following debridement, all pockets
were thoroughly rinsed with sterile saline to remove the HA.
In the test sites, the CHX chip was inserted into subgingival
sites according to the manufacturer’s guidelines. Patients were
advised not to use dental floss for 7 days to avoid displacement
of the CHX chip and to avoid the use of chemotherapeutic
mouthrinses during the study period. At 3 months, all pockets
that remained =5 mm in depth received subgingival retreat-
ment with the VUS and additional application of a CHX chip

at the test sites.

Clinical recordings

All clinical measurements were performed by a single calibra-
ted examiner who was not involved in providing treatment
during the study. Five patients, ecach showing 10 teeth (single
and multirooted) with PD >6 mm on at least one aspect of
each tooth, were used to calibrate the examiner. The examiner
evaluated the patients on two separate occasions, 48 h apart.
Calibration was accepted if measurements at baseline and at

48 h were similar to the millimetre at > 90% level.
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The evaluations of clinical parameters were performed at
baseline and 1, 3 and 6 months after treatment. The periodontal
examination included the assessment of plaque index (PI), gin-
gival index (GI), PD, gingival recession (GR), clinical attach-
ment level (CAL) and BOP at six sites per tooth using a manual
periodontal probe (PCP 15; Hu-Friedy Co., Chicago, IL, USA).

Statistical analysis

All statistical analyses were performed using SPSS (11.0 for
Windows, Chicago, 1L, USA). For the clinical parameters, PI,
GI, PD, GR and CAL data were expressed as mean val-
ues = standard deviation. Comparison between baseline and 1,
3 and 6 months were investigated using the paired #-test. The
changes within the treatment groups were analysed using the
Wilcoxon test. P-values <0.05 were considered as statistically

significant.

Results

All patients who were enrolled in the present study (seven
males and 13 females, mean age: 42.0 = 5.6 years) completed
the 6-month evaluation, and the data were included in the
statistical analysis. A total of 80 sites were treated and evalu-
ated at the end of 6 months, 40 with the VUS alone and 40
with VUS plus CHX chip.

At baseline, there was no statistically significant difference
between the VUS alone and the VUS + CHX chip sites for
any of the investigated parameters (P > 0.05) ('Table 1).

Baseline mean PD in the VUS alone sites was 6.3 and
6.2 mm in the VUS plus CHX chip sites. The reduction of PD
for both sites was statistically significant at 1, 3 and 6 months
compared with the baseline (P < 0.05) (Table 2). The PD was
reduced after 1 month to 5.7 mm in the VUS alone sites and
to 4.9 mm in the VUS plus CHX sites. At the 3-months exam-
ination, the VUS sites showed a mean reduction of 0.6 mm as
compared to 1.8 mm for the VUS + CHX chip sites. After
6 months, the total mean reductions in PD were 0.7 mm in
the VUS alone sites versus 2.2 mm for the VUS plus CHX

chip sites, respectively. There was a statistically significant dif-

Table 1. Baseline clinical data

VUS (mean = SD) VUS + CHX chip (mean + SD)

PPD 6.3 (0.9) 6.2 (1.0)
CAL 7.2 (1.4) 6.9 (1.6)
BOP 67% 71%

Pl 1.0 (0.8) 1.3 (0.9)
el 1.1 (0.9) 1.2 (0.8)
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Table 2. Mean (+SD) reduction in PD (mm) from baseline for
VUS alone sites and VUS plus CHX chip sites

Treatment Month 1 Month 3 Month 6
VUS alone 0.6 (0.5) 0.6 (0.5) 0.7 (0.6)
VUS plus CHX Chip 1.3 (0.6)* 1.8 (0.8)* 2.2 (0.8)*

*P < 0.05.
CHX, chlorhexidine; PD, probing depth; VUS, Vector™-ultrasonic
system.

ference (P < 0.05) with respect to PD reduction between the
two treatment sites at all three re-examinations (1, 3 and
6 months). In addition, the percentage of sites with a reduction
of PD 22 mm was significantly greater in the VUS + CHX
chip sites than in the VUS sites alone at 1, 3 and 6 months
(P < 0.05) (Fig. 2). Both treatment sites demonstrated an
improvement in CAL values at 1, 3 and 6 months (Table 3).
However, the VUS + CHX chip sites had a significantly
greater gain in CAL at 1, 3 and 6 months compared to the
VUS alone sites (P < 0.05). For the VUS sites, the mean gain
in CAL at 3 months amounted to 0.5 mm compared to 1.6 mm
in the VUS + CHX chip sites. After 6 months, the mean gain

in CAL was 0.6 mm in the VUS alone sites and 1.9 mm in the

100 -
mVvus
B VUS + CHX chip
80 -
60 -
§
~ 39
40 A
1 15
20 13
5
0 -4
1 month 3 months 6 months

Fig. 2. Percentage of sites presenting PD reduction of 22 mm at 1, 3
and 6 months. *Statistically significant difference between the sites
(P < 0.05).

Table 3. Change (mean + SD) in CAL from baseline for VUS
alone sites and VUS plus CHX chip sites

Treatment Month 1 Month 3 Month 6
VUS alone 0.4 (0.5) 0.5 (0.8) 0.6 (0.7)
VUS plus CHX Chip 1.2 (0.7)* 1.6 (1.0)* 1.9 (1.1)*

*P < 0.05.
CAL, clinical attachment level; CHX, chlorhexidine; VUS, Vector™-
ultrasonic system.



Table 4. Frequency distribution of BOP in VUS alone sites and
VUS plus CHX chip sites

VUS + CHX chip VUS alone

BOP Month 1 Month 3 Month 6 Month 1 Month 3 Month 6

Presence 45%* 44%* 29%* 61% 54% 58%
Absence 55% 56% 71% 39% 46% 42%

*P < 0.05.
BOP, bleeding on probing; CHX, chlorhexidine; VUS, Vector™-ultra-
sonic system.

Table 5. Plaque index score at 1, 3 and 6 months

Treatment Month 1 Month 3 Month 6
VUS alone 1.0 (0.6) 1.1(0.7) 1.1(0.7)
VUS plus CHX Chip 0.9 (0.8) 0.9 (0.7) 0.9 (0.8)

No statistically significant difference between the treated sites
(P> 0.05).
VUS, Vector™-ultrasonic system; CHX, chlorhexidine.

VUS + CHX chip sites. The improvements in BOP were sig-
nificantly reduced at 1, 3 and 6 months for the VUS + CHX
chip sites compared to baseline (P < 0.05) (Table 4). At the 1,
3 and 6 months re-examination, the VUS + CHX chip sites
demonstrated statistically significant lower bleeding scores than
the VUS alone sites (P < 0.05). The mean BOP reduction at
6 months was 42% for VUS + CHX chip sites and 9% for VUS
alone sites, respectively. PI scores were similar in both treat-
ment sites at baseline. There was a reduction in PI values dur-
ing the study period, but PI scores were not significantly
different between the treatment sites at any visit (P > 0.05)
(Table 5). Both groups showed a reduction in GI values during
the study period. At the 6 months visit, the VUS + CHX chip
treated sites exhibited greater improvement in GI scores than
the VUS sites alone (P < 0.05).

The most frequent adverse events in the CHX chip treated
sites were gingival discomfort (three sites) and gingival swell-
ing (one site); however, these side-effects resolved spontane-
ously within a few days without requiring any medication.
There was no difference in the frequency of adverse events
between the two treatment procedures at any of the treatment

intervals.

Discussion

The present study evaluated the efficacy of a CHX chip as an
adjunctive treatment to a newly developed ultrasonic device in
SPT. Previous studies demonstrated that the adjunctive use of

a CHX chip to traditional scaling and root planing at sites with
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a PD 25 mm provided significantly greater reductions of PD at
both 6 and 9 months (12, 13). These additional benefits could
also be observed when the CHX chip was applied during the
maintenance periodontal therapy (14). However, some recent
studies did not confirm these results (23, 24).

In the present study, the reduction in PD and CAL obtained
in the VUS plus CHX chip sites was greater than those obtained
in the VUS sites alone at 1, 3 and 6 months. The VUS plus CHX
chip sites showed a mean PD reduction of 2.2 mm and a mean
CAL gain of 1.9 mm at 6 months post-operatively. A comparison
with clinical results obtained after the adjunctive use of the
CHX chip to mechanical debridement using conventional ultra-
sonic systems or hand instruments (e.g. Gracey curettes) is diffi-
cult as all previously published studies on the use of the CHX
chip focused on its effects when used as an adjunct to conven-
tional scaling and root planing and immediately following the
initial treatment phase.

In our study, the reduction in PD and improvement in
attachment levels in the VUS + CHX sites were greater than
that observed in other studies evaluating the adjunctive use of
the CHX chip to scaling and root planing using hand instru-
ments or conventional ultrasonic scalers (12-14). T'his may be
due to deeper PD at baseline in the present study. Clinical
studies have demonstrated that the reduction of PD and gain
of CAL is greater in deeper pockets following scaling and root
planing (25). Furthermore, the differences may be related to
disparity in pocket management. In the present study, all
residual sites at 3 months were systematically retreated with
the VUS, followed by CHX chip placement in the test sites.
In contrast, the studies by Soskolne ez a/. (12), Jeffcoat et al.
(13) and Heasman ez @/. (14) did not expose residual control
sites to additional therapy, except supragingival prophylaxis.
Another important factor is the different period of time sched-
uled for scaling and root planing which was not limited in the
present study, and may have induced a quality difference in
mechanical debridement. The better clinical results might also
be due to the excellent motivation of the patients and the dif-
ferent mode of mechanical debridement using a piezoelectric
ultrasonic scaler. In contrast to our study, Grisi ef a/. (26) repor-
ted that the CHX chip did not provide any clinical benefit
beyond that achieved with conventional scaling and root pla-
ning after a 9 month period. This may be due to their low
mean PD baseline values of 5.2 mm leaving a lower potential
for clinical improvements. Furthermore, their evaluation period
of 9 months was longer than in the present study. In a previ-
ous study, a PD reduction of 2 mm has been considered as a
clinically relevant change (13). The proportion of sites showing

PD reduction 22 mm in the present study was higher for the
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VUS + CHX chip sites in comparison to the VUS sites alone.
These findings are in agreement with previous studies (12,
23). In all the studies, SRP alone was used as the positive con-
trol arm providing a mean reduction in PDs between 0.65 and
0.78 mm after 6 months (12-14). In comparison, our 6 month
data showed for the control sites a mean reduction in PDs of
0.7 mm using a piezoelectric ultrasonic scaler for mechanical
root debridement. These findings are also in accordance with
the results reported by Sculean e a/. (22) demonstrating a
mean PD decrease of 0.6 mm following treatment with the
VUS after 6 months at sites with initial PDs of >6 mm. There
was no statistically significant difference between the tested
ultrasonic device and hand instrumentation (22). Several other
studies have demonstrated that ultrasonic instrumentation
achieves equal or superior treatment outcomes when compared
with hand instruments (16-19). As subgingival instrumentation
is performed repeatedly during SPT, it is crucial to prevent
root damage because the cumulative effect of substance
removal by scaling may result in severe root damage over time
(27). Kawashima ez a/. (28) suggested that the VUS scaler pro-
duces a smooth root surface with minimal loss of tooth sub-
stance and is therefore a reasonable choice for gentle
periodontal maintenance treatment. An 7z vitro study examin-
ing the effectiveness of scaling and root planing using the
VUS with the fluid polish demonstrated minimal damage of
the root surface with preservation of more cementum and a
tight attachment of fibroblasts on the root surface in contrast
to a conventional ultrasonic scaler (29). Nyman ¢z a/. (30) con-
cluded that excessive removal of root cementum is not neces-
sary and that the exclusive removal of the biofilm is sufficient
for the removal of contaminants. In a recent study, it could be
demonstrated that the amount of root substance removal with
the VUS was significantly dependent on the choice of the irri-
gation fluids (31). Using the polishing fluid, the amount of root
substance removal has been shown to be similar to a conven-
tional ultrasonic device but lower than with hand instruments
(31). However, the piezo-driven ultrasonic device in polishing
mode has been shown to be sufficient to remove subgingival
biofilm (32), which is a prerequisite for chemotherapy. In the
present study, it is impossible to estimate to what extent the
used polishing fluid, containing HA, influenced the clinical
outcomes and the efficacy of the CHX chip. Further studies

are needed in order to clarify this issue.

Conclusion

In conclusion, the results of the present study show that the

adjunctive application of the CHX chip to SRP with the tested
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ultrasonic device is beneficial in improving clinical periodontal
parameters in patients on SPT. However, further longitudinal
studies with the inclusion of more study subjects with other
types of periodontal disease are needed to investigate the

changes of the subgingival microbiota.
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