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Abstract
Aim: Transient bacteraemia and endotoxaemia, and elevated levels of systemic
cytokines have been reported following subgingival debridement. This study aimed to
investigate the effect of chlorhexidine (CHX) solution on circulating levels of
lipopolysaccharide (LPS) and interleukin-6 (IL-6) when used as an irrigant during
ultrasonic debridement in patients with periodontitis.

Material and Methods: Eighteen patients with moderate to advanced chronic
periodontitis were treated in a split-mouth, crossover, single-masked study. Irrigation
with 0.02% CHX solution or water was used during treatment of two ipsilateral
quadrants on two separate occasions 7 days apart, randomized as to order. Peripheral
blood samples were collected for circulating levels of LPS and IL-6 at baseline, 5 and
120 min. after instrumentation commenced.

Results: Median concentrations of LPS were elevated from baseline to 5 min. into
treatment with both CHX and control irrigant (po0.05). Median levels of IL-6
increased with both treatments from baseline to 120 min. (po0.001): CHX,
0.81–1.85 pg/ml; control, 0.78–1.78 EU/ml.

Conclusions: Ultrasonic instrumentation in patients with moderate to advanced
periodontitis increases circulating levels of LPS after 5 min. and IL-6 120 min. after
commencement of treatment, and is not affected by using 0.02% CHX as an irrigant
instead of water.
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Several authors have described a transi-
ent bacteraemia following subgingival

debridement (Lockhart 2000, Kinane
et al. 2005, Forner et al. 2006, Lafaurie
et al. 2007), and this may be accompanied
by an increase in inflammatory mediators
such as interleukin-1 (IL-1) (D’Aiuto
et al. 2007) and interleukin-6 (IL-6)
(D’Aiuto et al. 2004, Ide et al. 2004,
Forner et al. 2006). Furthermore, Geerts
et al. (2002) illustrated that even gentle
mastication was capable of causing
systemic dissemination of endotoxin to a
greater degree in patients with more
advanced periodontal breakdown, and

previous work with endotoxin adminis-
tration to volunteers has reported a res-
ponse similar to that reported above for
periodontal instrumentation (Fong et al.
1989, Krogh-Madsen et al. 2008, Mayr
et al. 2008). The dissemination of either
whole bacteria, their toxins or antigens
alone, or in combination, has been sug-
gested to be a possible mechanism by
which the presence of periodontitis may
lead to systemic inflammatory responses
and other problems, including develop-
ment of cardiovascular events.
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Chlorhexidine (CHX) is an antimi-
crobial agent that has been used to
reduce the magnitude of bacteraemia
from the oral cavity. It is commonly
used as a mouthrinse (0.2%) before
surgical procedures but has also been
used as an irrigant in ultrasonic scaling
devices at varying concentrations. Some
studies have indicated a slight adjunc-
tive effect with CHX (Taggart et al.
1990, 0.02%; Reynolds et al. 1992,
0.12%), while others have not (Allison
et al. 1993, 0.12% and Chapple et al.
1992, 0.2%). One in vitro study suggests
that concentrations >0.02% may lead to
cytotoxicity to bone cells in a standard
cytotoxicity model over the long periods
associated with debridement (Patel et al.
2006). CHX at 0.02% concentration has
been reported to have a 99.99% bacter-
icidal effect in vitro (Hennessey 1973).
As a result, it may be possible that the
use of CHX as an irrigant acts to further
the inflammatory stimulation associated
with debridement as described above,
by virtue of its bactericidal ability.
However, it may be that the use of
such an irrigant acts to promote inflam-
matory responses either by direct toxi-
city or by encouraging the release of
extra lipopolysaccharide (LPS) from
organisms within the pockets under
treatment, following bacterial death.

Therefore, the aim of this study was
to investigate the effect of CHX solution
on circulating levels of LPS and IL-6
when used as an irrigant during ultra-
sonic debridement in patients with
periodontitis.

Material and Methods

The study was a prospective single-
masked, split-mouth, crossover inter-
ventional study. The study was
approved by Guy’s Hospital Ethics
Committee. All participants gave
informed consent. Nineteen participants
with untreated chronic periodontitis
were recruited from the Department of
Periodontology, King’s College London
Dental Institute. All subjects were adults
and had at least 20 standing teeth, with
at least five sites per quadrant with a
clinical probing depth of X5 mm and
radiographic evidence of alveolar bone
loss.

Participants were required to have
had no form of periodontal treatment
in the past 6 months or antimicrobial
therapy in the past 3 months. Exclusion
criteria included any chronic inflamma-

tory or immunological condition, risk
of infective endocarditis, any anti-
inflammatory, steroid, immunosuppres-
sive or anticoagulant as a regular med-
ication in the past 6 months, diabetes
and anyone who was pregnant, planning
a pregnancy or lactating. All partici-
pants were never smokers or ex-smokers
who had stopped at least 12 months
before recruitment.

A medical, dental and social history
was obtained and a complete perio-
dontal examination was performed,
recording plaque, bleeding and probing
depth at six sites per tooth. The visible
plaque was recorded using an O’Leary
chart (O’Leary et al. 1972), from which
a percentage plaque score per subject
could be calculated. Probing depths
were assessed to the nearest millimetre
using a Williams 14W graduated man-
ual periodontal probe. Subjects were
allocated to an order of treatment using
a computer-generated list. The operator
(M. K. L.) was blinded, as far as possi-
ble, to which solution was used at each
visit. While the CHX irrigant may have
had a mint smell; it was assumed that
the combination of a facemask and visor
worn by the operator during treatment
would have limited this. In addition, we
felt that adding a mint flavouring to the
control irrigant would have introduced a
further variable that may have influ-
enced the results obtained. The upper
and lower right quadrants were instru-
mented at the first appointment in all
subjects. A local anaesthetic (2% lido-
caine and adrenaline 1:80,000; Astra
Zeneca, Macclesfield, UK) was admi-
nistered in all subjects where the prob-
ing depth sites were 4 mm or more via
infiltrations in the upper arch and infer-
ior dental nerve block in the lower arch.

The instrumentation was performed
using an ultrasonic scaling device
(Dentsplys Bobcatt ultrasonic scaler
Type G115-E, Dentsply International,
York, PAUSA) setting 2, with a fitted
irrigation unit (Dentsplys Cavitrons

Dual Selectt irrigation unit; Model
number DISP 118, Dentsply Interna-
tional, Long Island, NY, USA) set at
20 ml/min. rate, using the ultrasonic
scaler universal tip (TF-1000; 25K).
This tip is widely used within the UK
and at the study site.

The irrigation solution was adminis-
tered via two irrigation bottles (500 ml/
bottle), which were connected to the
irrigation unit by a person other than
the operator to ensure that the operator
was masked to which solution was used.

The irrigation solutions used were either
a colourless soluble CHX (0.02%) solu-
tion (Corsodyl 0.2% mint mouthwash,
1:10 dilution, GlaxoSmithKline, Brent-
ford, UK) or sterile water (Baxter SA,
B-7860, Baxter healthcare, Norfolk,
UK). Instrumentation was carried out
for 60 min., starting at the most distal
point in each quadrant with the ultra-
sonic scaling device. No teeth were
removed at this phase of treatment.
One week later, instrumentation of the
left upper and lower quadrants using the
alternative solution was undertaken.

At each treatment session, three
venous blood samples were taken. An
indwelling cannula (Y-can cannula with
a syringe valve, 23G-YC23SY, Beldico,
Belgium) was placed in the ante cubital
fossa before baseline samples were
taken. The venepuncture was performed
following local guidelines for skin dis-
infection. Blood samples were taken at
baseline, 5 and 120 min. after instru-
mentation commenced. Using an aseptic
technique, 4 ml of venous blood was
collected in a syringe at each time point
and 2 ml was transferred to plain tubes
for serum IL-6 analysis. The 2 ml sam-
ple to be analysed for LPS was placed in
heparinized tubes, concentration 25 IU/ml
of blood (N201 Cambex with sodium
Heparin Monoparin, Guy’s Hospital
Pharmacy, UK), and stored over ice
while being transported to the labora-
tory. All blood sampling equipment was
reported by the manufacturers to be
pyrogen-free. The risk of atmospheric
LPS contamination was minimized by
thorough skin preparation before sam-
pling, carefully combined high- and
low-volume aspiration during treatment
and the use of a long sampling system.
Furthermore, it was assumed that there
would be no residual contamination at
baseline or at 120 min. Between sample
collections, 1 ml of intravenous 0.9%
sodium chloride infusion (BP, Product
code: 362 7667, B. Braun Melsungen
AG, Germany) was used to flush the
cannula. The first 2 ml of venous blood
collected for the second and third sam-
ples was discarded to avoid contamina-
tion of the sample from the previous
saline flush. The venous blood samples
were transferred to the laboratory to
undergo analysis.

Serum samples were frozen at
� 801C until required for analysis. IL-
6 was assayed using a high-sensitivity
immunoassay kit (Quantikine HS
Immunoassay kit, R&D Systems Europe
Ltd, Abingdon, UK) according to the
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manufacturer’s instructions. The aver-
age value for circulating IL-6 in the
blood of a healthy individual is 1 pg/ml.
The minimum detection level for the
IL-6 assay ranged from 0.016 to
0.110 pg/ml, with a mean minimum
detection of 0.039 pg/ml.

Plasma samples was analysed using a
kinetic chromogenic limulus amebocyte
lysate (LAL) assay for LPS in the base-
line and 5 min. samples. The LAL assay
has been described previously by Ide
et al. (2004). The minimum detection
level of the LAL kit used was 0.1 EU/ml.

Statistical analysis

Sample size was determined using pre-
vious IL-6 data generated by our group
(Ide et al. 2004). This indicated that 15
subjects would provide 80% power to
show a 50% reduction in the elevation
of IL-6 after 120 min.

The data collected were analysed
using a statistical software programme
(Stata 9, Stata Co, TX, USA). Some
variables were not normally distributed
and all are described using median and
inter-quartile range. Initial analysis of
variance was performed on the bio-
chemical data, following transformation
to the negative reciprocal of the square
root, using a specific repeated measures
analysis of variance designed for use in
pharmaceutical crossover trials (Stata 9
PK analysis). Subsequent comparisons
within and between irrigants were perfor-
med using the Wilcoxon matched-pairs,
signed-ranks test. Statistical significance
was inferred at po0.05.

Results

One participant failed to provide one
blood sample at the second visit, and the
data for this subject were excluded from
the analysis. The demographic and clin-
ical variables for the remaining 18 parti-
cipants are presented in Table 1. Table 2
shows the concentrations of LPS and
IL-6 at baseline and 5 min. after com-
mencing treatment, together with IL-6
concentrations 120 min. after commen-
cing treatment. No statistically signi-
ficant sequence, crossover or period
effect was observed, but treatment with
both irrigants was associated with a
significant percentage increase in LPS
after 5 min. of treatment. A decrease in
circulating IL-6 levels from baseline
was observed at 5 min., and a significant
percentage increase after 120 min.

Figure 1 shows the changes in IL-6
circulating levels for all the participants
with both water and CHX irrigation.

Discussion

The results from the study suggest that
ultrasonic instrumentation in patients
with moderate to advanced periodontitis
increases circulating levels of LPS after
5 min. and IL-6 concentrations 120 min.
after commencement of treatment, and
that these effects are not affected by

using 0.02% CHX as an irrigant instead
of water.

The median concentrations of LPS at
baseline and 5 min. were relatively low
compared with the mean concentrations
in previous studies. Geerts et al. (2002)
detected a mean LPS level of 1.33 EU/ml
at baseline and 2.4 EU/ml after 5–
10 min. of chewing, while Ide et al.
(2004) reported mean concentrations of
0.024 EU/ml at baseline and 0.27 EU/ml
after 15 min. of scaling. However, LAL
assays for detecting LPS concentrations
are notoriously variable from study to

Table 1. Demographic and clinical characteristics of the participants

Median (interquartile range)

Age (years) 39 (35–44)
Gender (male/female) 9/9
Ethnicity (Afro-Caribbean/Asian/Caucasian) 5/3/10
Number of teeth 28 (27–31)
Sites with plaque (%) 37 (23–60)
Sites bleeding on probing (%) 47 (27–60)
Mean probing depth (mm) 3.66 (3.12–4.07)
Sites probing 44 mm (%) 28 (22–35)

Table 2. Median (interquartile range) of circulating concentrations of IL-6 (pg/ml), and LPS
(EU/ml) before (0 min.), during (5 min.) and 120 min. following treatment with CHX or control
irrigant

Irrigant Time (min.)

0 5 120
IL-6 CHX 0.81 (0.62–1.15) 0.58nn (0.46–0.99) 1.85nnn (1.17–2.45)

Water 0.85 (0.62–1.24) 0.75n (0.60–1.12) 1.73nnn (1.15–3.51)
LPS CHX 0.046 (0.022–0.276) 0.079nn (0.031–0.151) –

Water 0.034 (0.020–0.069) 0.081n (0.016–0.176) –

npo0.05, nnpo0.01, nnnpo0.001.

CHX, chlorhexidine; IL-6, interleukin-6; LPS, lipopolysaccharide.
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Fig. 1. Changes in IL-6 levels at baseline, 5 and 120 min. after scaling with water irrigation
and chlorhexidine (CHX) irrigation.
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study and between laboratories. In addi-
tion, data are frequently skewed and
means can be misleading when com-
pared with medians. The concentrations
of IL-6 were also lower than reported
in previous studies where baseline
levels of 1–6 pg/ml have been reported
(D’Aiuto et al. 2004, Ide et al. 2004,
Forner et al. 2006). However, it was
apparent that the severity of disease was
higher in two of these studies. D’Aiuto
et al. (2004) reported severe perio-
dontitis with higher bleeding on probing
(65% of sites) and plaque (49% of sites),
while Ide et al. (2004) described more
extensive disease with 420% of sites
having probing depths over 7 mm, and
greater plaque (70% of sites) and bleed-
ing (76% of sites). Few studies have
investigated the short-term effect of
treatment on circulating IL-6 levels,
and these generally showed an increase
in plasma IL-6 levels of a greater mag-
nitude than this study detected. This
may be due to differences in the detec-
tion levels of the assay or different
levels of disease present (Mengel et al.
2002). The present study had just over
11% of subjects with probing depths
over 7 mm. Mengel et al. (2002) have
suggested that IL-6 levels are correlated
with disease severity, although Takahashi
et al. (1994) found similar levels in
healthy and periodontally involved
patients.

IL-6 has a major role in the mediation
of inflammatory and immune responses
and may be initiated by infection, injury
or other stresses (Ershler & Keller
2000). The elevation of IL-6 after treat-
ment occurred in both groups and may
be explained by a combination of these
mechanisms. Infective material may
have been released into the circulation
and trauma may have occurred as a
direct result of instrumenting the perio-
dontal pockets. Either or both may have
stimulated an increase in cytokine
response and the present results do not
provide any indication of the propor-
tional contribution to elevated IL-6 con-
centrations from bacteraemia or injury
associated with debridement.

In this study, a statistically significant
increase in both LPS and IL-6 occurred
in both groups but no differences were
seen between the two groups. This
would suggest that 0.02% CHX had no
influence on LPS or IL-6 levels when
used as an irrigant. The lack of effect on
LPS in this study may have been due to
the low concentration of CHX solution
used compared with widely used

products in Europe and the USA. How-
ever, recent studies have observed that
CHX does not inactivate LPS in experi-
mental animal studies (Tanomaru et al.
2003, Silva et al. 2004). It is possible
that the use of a universal rather than
slimline scaler tips (which may pene-
trate subgingivally with more ease) may
have affected the results obtained. How-
ever, we cannot be sure that this would
be the case, and have followed the
protocol used in previous studies, in
order to allow comparisons with pre-
vious data. Even so, there is the possi-
bility that trauma from instrumentation
may have affected the results obtained.

In conclusion, this study indicates
that ultrasonic instrumentation in patients
with moderate to advanced periodontitis
increases circulating levels of LPS after
5 min. and IL-6 120 min. after com-
mencement of treatment, and is not
affected by using 0.02% CHX as an
irrigant instead of water.

References

Allison, C., Simor, A. E., Mock, D. &

Tenenbaum, H. C. (1993) Prosol-chlorhexidine

irrigation reduces the incidence of bacteremia

during ultrasonic scaling with the Cavi-Med:

a pilot investigation. Journal of Canadian

Dental Association 59, 673–682.

Chapple, I. L. C., Walmsley, A. D., Saxby, M.

S. & Moscrop, H. (1992) Effect of subgingi-

val irrigation with chlorhexidine during ultra-

sonic scaling. Journal of Periodontology 63,

812–816.

D’Aiuto, F., Nibali, l., Mohamed-Ali, V.,

Vallance, P. & Tonetti, M. S. (2004) Perio-

dontal therapy: a novel non-drug-induced

experimental model to study human inflam-

mation. Journal of Periodontal Research 39,

294–299.

D’Aiuto, F., Parkar, M. & Tonetti, M. S. (2007)

Acute effects of periodontal therapy on

bio-markers of vascular health. Journal of

Clinical Periodontology 34, 124–129.

Ershler, W. B. & Keller, E. T. (2000) Age-

associated increased interleukin-6 gene

expression, late-life diseases, and frailty.

Annual Review of Medicine 51, 245–270.

Fong, Y., Moldawer, L. L., Marano, M., Wei,

H., Tatter, S. B., Clarick, R. H., Santhanam,

U., Sherris, D., May, L. T., Sehgal, P. B. &

Lowry, S. F. (1989) Endotoxemia elicits

increased circulating beta 2-IFN/IL-6

in man. Journal of Immunology 142,

2321–2324.

Forner, L., Neilson, C. H., Bendtzen, K.,

Larson, T. & Holmstrup, P. (2006) Increased

plasma levels of IL-6 in bacteremic perio-

dontitis patients after scaling. Journal of

Clinical Periodontology 33, 724–729.

Geerts, S. O., Nys, M., De Mol, P.,

Charpentier, J., Albert, A., Legrand, V. &

Rompen, E. H. (2002) Systemic release

of endotoxins induced by gentle masti-

cation: association with periodontitis

severity. Journal of Periodontology 73,

73–78.

Hennessey, T. S. (1973) Some antibacterial

properties of chlorhexidine. Journal of

Periodontal Research Supplement 12,

61–67.

Ide, M., Jagdev, D., Coward, P. Y., Crook, M.,

Barclay, G. R. & Wilson, R. F. (2004) The

short-term effects of treatment of chronic

periodontitis on circulating levels of endotox-

in, C-reactive protein, tumor necrosis factor-

alpha, and interleukin-6. Journal of Perio-

dontology 75, 420–428.

Kinane, D. F., Riggio, M. P., Walker, K. F.,

MacKenzie, D. & Shearer, B. (2005) Bacter-

aemia following periodontal procedures.

Journal of Clinical Periodontology 32,

708–713.

Krogh-Madsen, R., Plomgaard, P., Akerstrom,

T. C., Moller, K., Schmitz, O. &

Pedersen, B. K. (2008) Effect of short-

term intralipid infusion on the immune

response during low-dose endotoxemia in

humans. American Journal of Physiology,

Endocrinology and Metabolism 294,

E371–E379.

Lafaurie, G. I., Mayorga-Fayad, I., Torres, M.

F., Castillo, D. M., Aya, M. R.,

Barón, A. & Hurtado, P. A. (2007) Perio-

dontopathic microorganisms in peripheric

blood after scaling and root planning.

Journal of Clinical Periodontology 34,

873–879.

Lockhart, P. (2000) The risk for endocarditis in

dental practice. Periodontology 2000 23,

127–135.

Mayr, F. B., Spiel, A. O., Leitner, J. M.,

Firbas, C., Kliegel, T., Jilma-Stohlawetz, P.,

Derendorf, H. & Jilma, B. (2008) Duffy

antigen modifies the chemokine response in

human endotoxemia. Critical Care Medicine

36, 159–165.

Mengel, R., Bacher, M. & Flores-de Jacoby, L.

(2002) Interactions between stress, interleukin-

1�, interleukin-6 and cortisol in periodontally

diseased patients. Journal of Clinical Perio-

dontology 29, 1012–1022.

O’Leary, T. J., Drake, R. B. & Naylor, J. E.

(1972) The plaque control record. Journal of

Periodontology 43, 38.

Patel, P. J., Ide, M., Coward, P. Y. & DiSilvio,

L. (2006) The effect of chlorhexidine

on human osteoblast-like cells. European

Journal of Prosthodontics and Restorative

Dentistry 14, 67–72.

Reynolds, M. A., Lavine, C. K., Minah, G. E. &

Suzuki, J. B. (1992) Clinical effects of

simultaneous ultrasonic scaling and subgin-

gival irrigation with chlorhexidine. Mediat-

ing influence of periodontal probing depth.

Journal of Clinical Periodontology 19,

595–600.

Silva, L. A., Leonardo, M. R., Assed, S. &

Tanomaru Filho, M. (2004) Histological

study of the effect of some irrigating

418 Lee et al.

r 2008 The Authors
Journal compilation r 2008 Blackwell Munksgaard



solutions on bacterial endotoxin in dogs.

Brazilian Dental Journal 15, 109–114.

Taggart, J. A., Palmer, R. M. & Wilson, R. F.

(1990) A clinical and microbiological com-

parison of the effects of water and 0.02%

chlorhexidine as coolants during ultrasonic

scaling and root planning. Journal of Clinical

Periodontology 17, 32–37.

Takahashi, K., Takashiba, S., Nagai, A.,

Takigawa, M., Myoukai, F., Kurihara, H. &

Murayama, Y. (1994) Assessment of inter-

leukin-6 in the pathogenesis of periodontal

disease. Journal of Periodontology 65,

147–153.

Tanomaru, J. M., Leonardo, M. R., Tanomaru

Filho, M., Bonetti Filho, I. & Silva, L. A.

(2003) Effect of different irrigation solutions

and calcium hydroxide on bacterial LPS.

International Endodontic Journal 36,

733–739.

Address:

M Ide

King’s College London

Dental Institute-Periodontology

Floor 21 Guy’s Tower

St. Thomas’ Street

London Bridge

London SE1 9RT

UK

E-mail: mark.ide@kcl.ac.uk

Clinical Relevance

Scientific rationale for the study: To
determine whether the use of CHX
solution as an ultrasonic irrigant
influences the level of circulating
endotoxin and host response asso-
ciated with periodontal treatment.

Principal findings: Elevations in cir-
culating LPS and IL-6 concentration
observed after treatment were not
influenced by choice of water or
CHX solution as an irrigant.
Practical implications: Irrigation
with 0.02% CHX may not be effec-

tive as a means to reduce the levels
of circulating endotoxin, and possi-
bly bacteraemia, or systemic inflam-
matory response associated with
ultrasonic subgingival debridement.
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