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Abstract

Objectives: The aim of this study was to determine whether same-day full-mouth
scaling and root planing (FM-SRP) and quadrant scaling and root planing (Q-SRP)
resulted in variations in the systemic humoral immune response dynamics (antibody
titres and avidity) during active treatment and 3 and 6 months post-therapy.
Material and Methods: Forty patients with chronic periodontitis were recruited into
this study. Subjects were randomised into two groups and received either scaling and
root planing quadrant by quadrant at 2-weekly intervals (Q-SRP group) or same-day
full-mouth scaling and root planing (FM-SRP group). Clinical measurements and
serum samples were obtained at baseline and approximately 6 weeks after the last
clinical intervention (R1) and 6 months after the initiation of therapy (R2).
Furthermore, serum samples were obtained from each patient undergoing therapy
(Q-SRP and FM-SRP) at 3 bi-weekly instances so as to determine the short-term
effects of each session of scaling and root planing on the dynamics of the humoral
immune response. Serum antibody titre was assayed by enzyme-linked
immunosorbent assay (ELISA) and antibody avidity was measured by thiocyanate
dissociation against five putative periodontal pathogens: Porphyromonas gingivalis;
Actinobacillus actinomycetemcomitans; Prevotella intermedia; Treponema denticola
and Bacteroides forsythus.

Results: Both therapies resulted in similar antibody titre reductions against the
majority of the organisms tested and although there was a distinct trend for antibody
avidity to increase following therapy, this was not found to be statistically significant,
reflecting marked inter-individual variation. In addition, no evidence emerged from
this study to support increased antibody titres following the active phases of both
treatment approaches due to an inoculation effect. Nevertheless, significant short-term
increases in antibody avidity to most test bacteria were noted for both treatment
strategies.

Conclusion: Both therapies were associated with a reduction in antibody titres and an
increase in the binding ability or avidity of antibodies, but there was a marked inter-
subject variability and statistical significance was reached for only some of the test
bacteria. No significant differences in the humoral antibody dynamics were found
between the two treatment approaches.
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Several microbial species are consid-
ered pathogens relevant to chronic
periodontitis and these include Actino-
bacillus actinomycetemcomitans, Por-
phyromonas  gingivalis, Bacteroides
forsythus, Prevotella intermedia, and
Treponema denticola (AAP 1996). Stu-

dies have shown that a significant
antibody response is directed towards
P. gingivalis and A. actinomycetemco-
mitans (Mouton et al. 1981, Ebersole
et al. 1982, Kinane et al. 1993, Mooney
& Kinane 1994). Antibody responses
towards P. intermedia, B. forsythus and

T. denticola have also been demonstra-
ted in periodontal patients (Jacob et al.
1982, Ebersole et al. 1986, Zafiropoulos
et al. 1992, Califano et al. 1997).

In general, the antibody response is
considered to be protective (Mooney &
Kinane 1997) and the effect of scaling



and root planing on changing the
humoral immune response has produced
mixed reports. Tolo et al. (1982) found
both increases and decreases in antibody
titres to different organisms, and Eber-
sole et al. (1985) showed a marked
increase in antibody titres to P. gingi-
valis, P. intermedia and A. actinomyce-
temcomitans post-therapy. Similarly,
Mooney et al. (1995) showed a sig-
nificant increase in antibody titres to
A. actinomycetemcomitans and P. gin-
givalis, following therapy. However,
Aukhil et al. (1988), Murray et al.
(1989), and Horibe et al. (1995) re-
ported reductions in titres to P. gingi-
valis and P. intermedia after therapy.

Antibody avidity is a measure of the net
binding strength between multivalent
antigens and polyclonal antibodies. It
reflects the functional activity of the anti-
bodies and as a consequence, the matura-
tion of the immune system. Chen et al.
(1991) investigated the humoral immune
response in generalised aggressive period-
ontitis patients and concluded that many
patients do not produce protective levels
of biologically functional antibody of high
avidity during the course of their natural
infection, but treatment may induce the
production of such antibodies. Whitney et
al. (1992) investigated the humoral im-
mune response against a whole-cell homo-
genate of P. gingivalis in generalised
aggressive periodontitis patients, as well
as in control subjects. In general, low titre
and low avidity anti-P. gingivalis 1gG
antibodies were observed in generalised
aggressive periodontitis patients, indicat-
ing a genetically determined compromise
of their humoral immune response to
certain types of antigens.

A recent study from our laboratory
showed that conventional periodontal
treatment of chronic periodontitis patients
resulted in significant clinical improve-
ments and significant reductions in some
of the test organisms (P. intermedia,
B. forsythus and T. denticola) (Darby et
al. 2001). There was little change,
however, in the systemic and local anti-
body titres post-scaling, although there
was a significant reduction in the IgG
antibody avidity to P. gingivalis and
P. intermedia. These results indicate
complex interactions between the sub-
gingival microflora and the host response
and also a possible failure of the host
response to produce adequate levels
of biologically functional antibodies to
putative periodontal pathogens.

Quirynen et al. (1995) performed a
comparative study of full-mouth root

Quadrant root planing versus same-day full-mouth root planing II1

planing and the standard quadrant root
planing at 2-weekly intervals, in
10 periodontitis patients. This study
reported benefits for the full-mouth
approach in terms of pocket depth
(PD) reductions and microbiological
improvements. In their recent study,
Quirynen et al. (2000) noted that seven
out of 11 patients, whose body tem-
perature rose above 37°C after the
second day, had an overall average PD
reduction of 3.5 mm, whereas this was
only the case for four of the remaining
13 patients who did not develop the
increase in temperature. The observa-
tion that patients with some rise in body
temperature the evening after the sec-
ond day of the full-mouth treatment
were the subjects who showed more
impressive improvements is considered
by Quirynen to be due to an increased
immunological response in these patients.

The aim of the present study was to
examine the effect of quadrant scaling and
root planing (Q-SRP) and full-mouth
scaling and root planing (FM-SRP) on
the dynamics of the humoral immune
response to A. actinomycetemcomitans, P.
gingivalis, B. forsythus, P. intermedia and
T. denticola (both antibody titre and
avidity) during and following the active
phase of therapy. In addition, immunolo-
gical variations between the two treatment
approaches were compared with test the
hypothesis that FM-SRP causes an acute
immunological reaction that gives an
enhanced clinical outcome.

Material and Methods

Forty untreated chronic periodontitis
patients, aged 31-70 years, were re-
cruited from new referrals to Glasgow
Dental Hospital and School and at-
tended for the 6-month duration of the
study. Each patient had at least two non-
adjacent sites per quadrant on different
teeth with a PD of Smm or over and
radiographic evidence of bone loss with
no history of systemic disease or anti-
biotic therapy within the last 3 months
or during the course of the study. All
patients gave informed consent.

The demographic details and clinical
study design are described in our
previously published report (Apatzidou
& Kinane 2003). The trial design and
the timings of clinical interventions and
assessments are summarised in Tables 1
and 2. FM-SRP or Q-SRP was per-
formed on each patient by an experi-
enced periodontist (D. A. A.). Briefly,
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the treatment protocol was as follows:
Q-SRP was performed quadrant by
quadrant over four consecutive sessions
at 2-weekly intervals, while FM-SRP
was completed within the same day (i.e.
12h). No use of disinfection i.e. anti-
septics such as chlorhexidine was used
in either treatment group. No teeth were
extracted during therapy in order to
avoid bias. Subsequent to the same-day
FM-SRP, patients in this treatment
group were recalled at 2-weekly inter-
vals for oral hygiene instructions (OHI).
Oral hygiene reinforcement was carried
out at each visit for all participants.
Effectively, patients in both treatment
groups were seen at equal time points
and received an equal amount of OHI
and motivation.

The subjects were assessed clinically
by a calibrated single examiner (D. A. A.)
at three time points: at baseline (BAS),
at reassessment 1 (R1), approximately 6
weeks after the last clinical intervention
and at reassessment 2 (R2), 6 months
from baseline. Furthermore, at these
time points, subgingival plaque samples
were collected for the detection of
five putative periodontal pathogens:
A. actinomycetemcomitans, P. gingiva-
lis, B. forsythus, P. intermedia and
T. denticola by polymerase chain reaction
(PCR) as described previously (Apatzidou
et al. 2003). In addition, at each clinical
session a blood sample was collected from
all participants to determine the serum
antibody titres and avidity against the
homologous organisms.

Blood Sampling and Processing of
Sera Samples

Venous blood was collected from the
ante-cubital vein by venipuncture using
the Vacutainer system (BD Vacutai-
ner™, Plymouth, UK). Three tubes of
7ml of venous blood were collected.
Each blood sample was allowed to clot
overnight in tubes with no additive and
then centrifuged at 2000 rpm for 10 min.
The serum was aliquoted at a volume of
1 ml and stored into labelled microcen-
trifuge tubes at —70°C for further
analysis. The aliquots were then coded
so that the laboratory analysis was
performed in a blind manner.

Preparation of Microorganisms and
Coating of Plates

A. actinomycetemcomitans, P. gingiva-
lis, P. intermedia, B. forsythus and T.
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Table 1. Schedule of assessments for the Q-SRP group

Q-SRP assessment

BAS

Treatment phase

Follow-up phase

T1 T2

T3

T4 R1 R2

week number

visit number
inclusion/exclusion criteria
informed consent/randomisation
pocket chart (PD, CAL, BOP)
selected-site clinical recordings
plaque samples

blood sample

quadrant scaling/root planing (Q-SRP)
oral hygiene instructions
questionnaire

maintenance scaling

=
€

3w

2

LA
LK
L <

Sw

(98]

L <

13w 25w
5 6

~

L <
Ll
L

v

Q-SRP = quadrant scaling and root planing; baseline = BAS; PD = pocket depth; CAL = clinical attachment level; BOP = bleeding on probing;

R1 =reassessment 1; R2 = reassessment 2.

Table 2. Schedule of assessments for the FM-SRP group

FM-SRP assessment BAS Treatment phase Follow-up phase

T1 F1 F2 R1 F3 R2
week number Ow 1w 3w Sw Tw 13w 25w
visit number -1 1 2 3 4 5 6
inclusion/exclusion criteria Vv
informed consent/randomisation
pocket chart (PD, CAL, BOP) Vv Vv Vv
selected-site clinical recordings v V4 vV
plaque samples Vv 4 Vv
Blood sample v Vv V4 V4 Vv V4
full-mouth scaling/root planing (FM-SRP) v
oral hygiene instructions 4 4 4 V4 v
questionnaire v
maintenance scaling vV

FM-SRP = full-mouth scaling and root planing; BAS = baseline; R1 = reassessment 1; R2 = reassessment 2.

denticola were prepared for coating the
enzyme-linked immunosorbent assay
(ELISA) plates. A. actinomycetemcomi-
tans strain Y4 was grown on blood agar
plates and harvested after 24h. P.
gingivalis strain W50, P. intermedia
strain ATCC 25611 and B. forsythus
strain ATCC 43037 were grown on
fastidious anaerobe agar and harvested
after 7 days. The organisms were har-
vested with swabs and dispersed into
PBS containing 0.1mM disodium
EDTA (PBSE). They were then washed
once in PBSE and fixed overnight in
10% formal saline. T. denticola strain
ATCC 35405 cells were grown, fixed
and kindly donated by Dr. C. Wyss
(Zurich, Switzerland). After washing
twice with PBSE, the fixed organisms
were re-suspended in coating buffer
(CB). The organisms were further
washed once with CB, and were used
to coat the plates at bacterial concentra-

tions determined by the following opti-
cal densities (ODgqp): 0.02 for A. actino-
mycetemcomitans; 0.05 for P. gingivalis;
0.05 for P. intermedia; 0.02 for B.
forsythus; and 0.001 for T. denticola.

Enzyme-Linked Immunosorbent
Assay (ELISA)

Specific antibody titres were measured by
ELISA as previously described (Ebersole
et al. 1980), using formalised whole cells at
an absorbance that was previously deter-
mined as optimal to coat microtitre plates.
Immulon 1 plates (Dynatech, Billingshurst,
UK) were used because of their low
protein-binding characteristics. The plates
were manually pre-washed three times
with CB and coated with 100 ul per well
of whole cells. Plates were stored at 4°C
overnight. Control wells for each aspect of
the ELISA process were arranged in the
wells around the outside of the plates.

After coating, the plates were washed
five times with 250 ul of wash buffer
using an automatic washer (Dynex
Ultrawash Plus, Ashford, England).
Then they were treated with 100 ul per
well of incubation buffer (IB) contain-
ing 5% skimmed milk (Marvel, Premier
Beverages, Stafford, UK) for 30 min at
37°C to remove background binding.
The plates were washed again five times
before the addition of sera. Serum
serially diluted from 1/100 to 1/25,600
in IB was used as a reference positive
control serum. Serum derived from the
study patients was added at a dilution of
1/200. Fifty microlitres of sera were
added in each well and was incubated at
37°C for 90 min. Following incubation
with sera, the plates were washed again
five times. Subsequently, 100ul per
well of biotin-conjugated anti-human
IgG (Sigma, St Louis, MI, USA) at
1/2000 dilution in IB was added and



plates were incubated at 37°C for
60 min. The plates were then washed
five times. Thereafter, they were incu-
bated at 37°C for 60min or at 4°C
overnight with 100 ul per well extravidin-
peroxidase (Sigma) at 1/2000 dilution.
After washing (five times), the reaction
was visualised using 100ul per well
tetramethylbenzidine (TMB) (Kirkegaard
& Perry Laboratories, Gaithersburg, MD,
USA) and stopped after 5-10 min using
50 1 0.1 M HCL

ODs were read using a Dynex
Technologies MRX 1II plate reader at
450 nm with a 630 nm reference wave-
length. All sera samples collected from
the same patient at different time points
(six samples in total) were assayed in
duplicate and on the same plate. Correc-
tion was made for non-specific binding
and the averaged duplicate results were
read from a reference line derived from
serial dilutions of the reference positive
control serum. The results were ex-
pressed as ELISA units (EU) (Gmiir et
al. 1986, Mooney et al. 1993).

Avidity Analysis

The dissociation assay to determine
antibody avidity was performed in a
similar manner to the ELISA for the
serum analysis described above. After
incubation with sera, the wells were
treated with increasing concentrations
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of ammonium thiocyanate (0, 0.2, 1.0,
2.0, 3.0 M). Patient serum was tested in
duplicate at a dilution of 1/20, and the
thiocyanate dilutions were compared
with a buffer blank with 100% binding.
The plates were incubated at 37°C for
60 min, washed five times automatically
and then the ELISA continued as
before. The concentration of thiocya-
nate as a molarity (M) required to disso-
ciate 50% of the bound antibody was
calculated by linear regression. This
concentration was termed the 50%
inhibitory dose (IDsp) and provided a
measure of the relative avidity (Pullen
et al. 1986, MacDonald et al. 1988). All
the samples from the same patient were
tested together on the same plate.

Statistical Analysis of Data

The data were analysed using Minitab
statistical package (Minitab release 12,
State College, PA, USA). Statistical
significance was set at the 95% con-
fidence level (p<0.05 for hypothesis
testing).

The Mann—Whitney test was used for
the comparison of serum IgG titres, and
IgG avidity between the two groups at
baseline and after treatment. This test
analysed the data for the detection of
differences between the two groups at
each visit (BAS, R1, R2) and for
comparison of changes with treatment

Table 3. Comparison of serum IgG antibody titres before and after Q-SRP and FM-SRP
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(BAS to R1, BAS to R2). Within each
group, the Wilcoxon signed-rank test
was used to assess changes before and
after treatment.

For the determination and compar-
ison of the humoral immune response
dynamics between the Q-SRP group and
FM-SRP group, the Mann—Whitney test
analysed and compared the changes in
IgG antibody titres and avidities at each
visit from baseline (baseline against five
additional visits). The Wilcoxon signed-
rank test was used to determine the
immune response dynamics in each
treatment group by comparing baseline
with each visit.

Results

In general, there was a decrease in
serum IgG antibody titres against the
five bacteria (expressed as EU) follow-
ing Q-SRP (Table 3). For P. gingivalis,
there was a statistically significant
decrease in the antibody levels at R2
from baseline (p <0.005). For P. inter-
media and T. denticola, a reduction in
serum antibody titres was noted at R2,
but these findings just failed to reach
statistical significance (p = 0.050 for P.
intermedia, p = 0.052 for T. denticola).
No significant reductions in antibody
levels were noted for A. actinomyce-
temcomitans and B. forsythus following
treatment. Despite the general trend for

No.srp = 20 BAS

Nem-srp = 20

R1 R2

Change (BAS-R1) Change (BAS-R2)

Porphyromonas gingivalis
Q-SRP 149.0 (42.0, 809.0)
FM-SRP 80.0 (32.0, 500.0)
Actinobacillus actinomycetemcomitans

Q-SRP 63.0 (18.0, 211.0)

FM-SRP 64.0 (12.0, 1312.0)
Prevotella intermedia

Q-SRP 144.0 (64.0, 403.0)

FM-SRP 298.0 (86.0, 735.0)
Treponema denticola

Q-SRP 13.0 (5.0, 75.0)

FM-SRP 18.0 (8.0, 60.0)
Bacteroides forsythus

Q-SRP 33.0 (17.0, 1156.0)

FM-SRP 32.0 (14.0, 676.0)

81.0 (29.0, 843.0)
88.0 (33.0, 794.0)

52.0 (20.0, 394.0)
41.0 (15.0, 554.0)

131.0 (50.0, 694.0)
244.5 (81.7, 404.0)

15.0 (3.5, 58.5)
10.5 (6.0, 28.0)

29.0 (14.0, 1007.0)
33.0 (12.0, 265.0)

72.0 (21.0, 535.0)
137.0 (28.0, 275.0)

35.0 (21.0, 175.0)
57.0 (15.0, 945.0)

101.0 (47.0, 399.0)
328.0 (121.0, 467.5)

12.5 (1.5, 56.5)
14.5 (7.5, 26.0)

37.0 (13.0, 542.0)
32.5 (14.5, 194.5)

11.0 (- 20.0, 93.0)

53.0 (— 6.0, 237.0)8*

—-1.0(-7.0,71.0)

49.0 (2.0, 387.0)%
5.0 (—33.0, 125.0) 16 .0 (—38.0, 739.0)
4.0 (—16.0, 54.0)
2.0 (=20, 201.0)

8.0 (— 9.0, 36.0)

9.0 (— 3.0, 786.0)°
6.0 (—67.0, 42.0)* 30.0 (—13.0, 131.0)
14.0 (—47.0, 206.0)

0.5 (- 19.0, 3.0)*
6.5 (0.3, 36.0)%*

2.5 (0.0, 12.8)
5.5 (0.8, 48.0)

6.0 (— 1.0, 60.0)

7.0 (=5.0, 84.0) 2.0 (—5.0, 183.0)

Serum IgG titres are expressed as ELISA units (EU).

Median (interquartile range)

*p<0.05; p-values represent differences between Q-SRP and FM-SRP groups.

8p<0.05;

$p <0.01; p-values represent longitudinal changes from baseline within each treatment group.
Q-SRP = quadrant scaling and root planing; FM-SRP = full-mouth scaling and root planing; BAS = baseline; R1 = reassessment 1; R2 = reassessment

2; ELISA = enzyme-linked immunosorbent assay.
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Table 4. Comparison of IgG antibody avidity before and after Q-SRP and FM-SRP

NQ—SRP =20
Newmesrp = 20

BAS

R1 R2

Change (BAS-R1)

Change (BAS-R2)

Porphyromonas gingivalis
Q-SRP 0.46 (0.28, 0.63)
FM-SRP 0.49 (0.34, 0.61)
Actinobacillus actinomycetemcomitans

Q-SRP 0.38 (0.33, 0.55)

FM-SRP 0.44 (0.38, 0.57)
Prevotella intermedia

Q-SRP 0.84 (0.59, 1.00)

FM-SRP 0.84 (0.65, 1.00)
Treponema denticola

Q-SRP 0.30 (0.22, 0.36)

FM-SRP 0.36 (0.26, 0.53)
Bacteroides forsythus

Q-SRP 0.37 (0.22, 0.65)

FM-SRP 0.46 (0.35, 0.58)

0.45 (0.31, 0.64)
0.51 (0.33, 0.67)

0.40 (0.28, 0.53)
0.44 (0.40, 0.84)

0.72 (0.58, 0.88)
0.88 (0.68, 1.30)

0.31 (0.25, 0.54)
0.45 (0.35, 0.74)

0.41 (0.26, 0.56)
0.46 (0.29, 0.60)

0.49 (0.31, 0.91)
0.56 (0.31, 0.72)

0.42 (0.30, 0.70)
0.57 (0.41, 0.88)

0.86 (0.68, 1.12)
0.83 (0.67, 1.20)

0.33 (0.25, 0.43)
0.40 (0.31, 0.46)

0.38 (0.27, 0.69)
0.46 (0.33, 0.76)

—0.02 (—-0.13, 0.08)
0.03 (—0.13, 0.13)

0.02 (—0.06, 0.10)
—0.04 (—-0.21, 0.05)

0.08 (—0.09, 0.31)
—0.01 (—0.10, 0.08)

—0.04 (—-0.23, 0.02)
—0.10 (—0.26, 0.07)

0.00 (—0.15, 0.12)
0.02 (—-0.08, 0.11)

—0.06 (—0.26, 0.06)
—-0.02 (-0.07, 0.15)

0.44 (0.38, 0.57)
—0.13 (—0.33, 0.03)*

0.01 (—0.19, 0.08)
0.06 (—0.10, 0.11)

—0.03 (—0.08, 0.04)
—0.01 (—0.12, 0.05)

0.00 (—0.09, 0.05)
—0.03 (—0.20, 0.05)

IgG avidity is expressed as molarity (M) of ammonium thiocyanate at IDs.

Median (interquartile range).

No statistically significant differences were noted between Q-SRP and FM-SRP groups at any time point.
*p<0.05; p-values represent longitudinal changes from baseline within each treatment group.
Q-SRP = quadrant scaling and root planing; FM-SRP = full-mouth scaling and root planing; BAS = baseline; R1 = reassessment 1; R2 = reassessment 2.

IgG avidity (expressed as M at IDs) to
increase 6 months post-treatment,
changes did not reach statistical sig-
nificance (Table 4).

In a similar way to Q-SRP, same-day
FM-SRP resulted in significantly lower
serum IgG antibody titres (EU) after
treatment for the majority of the bacter-
ia tested (Table 3). Nevertheless, no
significant decreases were noted for P.
gingivalis and B. forsythus at R1 and
R2. The median IgG antibody titres to
A. actinomycetemcomitans significantly
decreased at R2 (p <0.05) and antibody
levels to P. intermedia significantly
decreased at R1 from baseline
(p<0.01). The median IgG titres
against T. denticola were significantly
reduced at R1 (p<0.01) and R2
(p<0.05). IgG avidity (M at IDsg)
tended to increase post-treatment for
the majority of the organisms, but this
observation was statistically significant
for antibodies against A. actinomyce-
temcomitans only (p <0.05) (Table 4).

Tables 3 and 4 show that there were
no statistically significant differences in
serum IgG antibody titres (EU) and
avidity (M at IDsg) between the two
treatments at baseline and at R1 and R2.
However, when the changes at R1 and
R2 from baseline were examined and
compared between the treatment
groups, there was a significantly greater
reduction in serum IgG antibody titres

the changes of IgG avidity with treat-
ment were seen between Q-SRP and
FM-SRP groups (Table 4).

Humoral Inmune Response
Dynamics after Q-SRP and FM-SRP

In general, serum IgG antibody titres to
all pathogens tested did not appear to
increase significantly during the active
phase of treatment (Q-SRP and FM-
SRP) with reference to baseline. For the
purpose of illustrating the dynamics of
the humoral response across the treat-
ment groups, the response to 7. denti-
cola is shown as this was the typical
response. The responses to the other
pathogens at BAS, R1 and R2 can be
viewed in Tables 3 and 4. Figs. 1 and 2

80 q
704
60
50 1
40+
30 1
20

IgG titres (EU) to T.d.

illustrate the dynamics of antibody titres
to T. denticola over a 6-month period
for the two treatment groups. The
analysis of the IgG antibody avidity
(M at IDsq) over the six visits for the Q-
SRP group showed significant increases
to the majority of the test organisms
during the active phase of treatment and
the changes in antibody avidity to 7.
denticola are illustrated in Figs. 3 and 4.

Discussion

In general, decreases in serum IgG
antibody titres to all putative pathogens
were seen at 6 months with only some
of them reaching statistical significance.
These post-treatment reductions paral-
leled decreases in the detection frequency

Q-SRP

3 4 5 6
visits

against P. intermedia and T. denticola at
R1 for the FM-SRP group (p<0.05)
(Table 3). No significant differences in

Fig. 1. 1gG titres (ELISA units, EU) to Treponema denticola (T.d.) during the six visits for
the quadrant scaling and root planing (Q-SRP) group. Median (interquartile range). *p <0.05;
p-values represent changes from visit — 1 (baseline).
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FM-SRP

1gG titres (EU) to T.d.
(]
o

20 A
10 A
0 T T T T T "
0 -1 2 3 4 5 6
visits

Fig. 2. 1gG titres (ELISA units, EU) to Treponema denticola during the six visits for the full-
mouth scaling and root planing (FM-SRP) group. Median (interquartile range). *p <0.05; p-
values represent changes from visit — 1 (baseline).

0.8 1 *
0.7 4
0.6
0.5 A
0.4 4
0.3 4
0.2 A
0.1 4

IgG avidity (M at ID50) to T.d.

Q-SRP

visits

Fig. 3. 1gG avidity (M at IDs() to Treponema denticola during the six visits for the quadrant
scaling and root planing (Q-SRP) group. Median (interquartile range). *p <0.05; p-values

represent changes from visit — 1 (baseline).

FM-SRP

0.7 4
0.6
0.5
0.4 4
0.3 1
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Fig. 4. 1gG avidity (M at IDsg) to Treponema denticola during the six visits for the full-
mouth scaling and root planing (FM-SRP) group. Median (interquartile range). *No
statistically significant changes were noted at each visit from visit — 1 (baseline).

of the homologous species in subgingi-
val plaque (Apatzidou et al. 2003). The
current results agree with the data
reported by other investigators (Tolo et
al. 1982, Naito et al. 1985, Mouton et al.
1987, Aukhil et al. 1988, Murray et al.
1989, Horibe et al. 1995). However, a
significant variation exists between stu-
dies with respect to the duration of the

treatment and the sampling intervals. In
the current study, scaling and root
planing were completed within 6 weeks
for the Q-SRP group and within a day
for the FM-SRP group. Both treatments
resulted in decreased serum antibody
titres, with the more marked reductions
seen at 6 months. Most of the studies
mentioned showed reductions in the
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antibody titres over a period of 12
months, but it has to be taken into
account that the active phase of treat-
ment in these studies lasted notably
longer than in the present study. How-
ever, other studies have demonstrated
decreases in serum antibody levels in
the immediate post-treatment period
(Aukhil et al. 1988, Horibe et al. 1995).
Nevertheless, the present findings are
inconsistent with those of Ebersole et al.
(1985), who showed that antibody titres
increased 2—4 months post-scaling and
returned to pre-scaling levels 8-12
months after treatment. In the current
study, no significant increases in IgG
titres to any of the organisms tested
were detected post-scaling, and this
does not support the inoculation effect
of root planing on the host tissues as
suggested by Ebersole et al. (1985).
However, since the participants in this
study were followed over a period of
approximately 6 months, no long-term
comparisons can be made between the
present findings and those of Ebersole
et al. (1985). Similarly, increases in
serum IgG antibody titres to A. actino-
mycetemcomitans with decreases in PDs
post-treatment have been demonstrated
(Sjostrom et al. 1994). The main
difference between that study and the
current study is that the former investi-
gation examined a group with general-
ised aggressive periodontitis patients
who required extensive and repeated
treatment over a period of time, and this
may have boosted their humoral
immune response. Mooney et al
(1995) showed elevated antibody titres
to A. actinomycetemcomitans 6 weeks
after the completion of therapy. Their
results, in addition to those of Chen et
al. (1991), showed increased antibody
titres to A. actinomycetemcomitans and
P. gingivalis, respectively, for the
seronegative patients after treatment.
Successful treatment results in the
elimination of the aetiological agents
and maturation of the immune system to
produce antibodies of high avidity
(Chen et al. 1991). Mooney et al.
(1995) found an increase in IgG avidity
to P. gingivalis (p = 0.05) 6 weeks after
hygiene phase therapy. In the present
study, IgG avidity tended to increase
post-treatment for the majority of the
organisms tested, but generally this
finding did not reach statistical signifi-
cance for most of the test bacteria. It has
been confirmed by other studies that
antibody avidity is independent of the
antibody levels (O’Dell & Ebersole,
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1995). Data reported here show that
treatment resulted in lower levels of
antibodies to all the bacteria tested, but
avidity remained the same or increased
for the majority of the organisms tested.

Comparison of Immunological
Parameters in Q-SRP and
FM-SRP Groups

The current study showed no significant
differences in IgG avidity between the
two treatments. Although antibody titres
were similar for both groups at baseline,
R1 and R2, a significantly greater
reduction in the antibody levels to P.
intermedia and T. denticola was seen
between baseline and R1 for the FM-
SRP group than the Q-SRP group.
When the changes in the serum anti-
body response with treatment were
considered within each group, signifi-
cant reductions in the antibody levels to
P. intermedia and T. denticola were
seen between baseline and R1 for the
FM-SRP group, but this was not found
for the Q-SRP group. These findings
imply that FM-SRP seems to have a
stronger short-term effect on the sys-
temic antibody response compared with
the classical therapy of quadrant root
planing at 2-weekly intervals. However,
the clinical significance of this finding is
difficult to assess.

It was of interest to note that FM-SRP
resulted in significantly lower percen-
tages of patients positive for P. inter-
media at R1 and a greater reduction in
the detection frequency of 7. denticola
at R1 and R2 from baseline than did
Q-SRP, as shown in our previous study
(Apatzidou et al. 2003). These changes
paralleled the significantly greater re-
ductions in serum antibody levels to
these pathogens at this time interval for
the FM-SRP group compared with the
Q-SRP group. This finding is in agree-
ment with previous reports showing that
reductions in the serum antibody levels
post-treatment reflect reductions in the
antigenic load (Mouton et al. 1987,
Aukhil et al. 1988, Murray et al. 1989).

Dynamics of Antibody Response
after Q-SRP and FM-SRP

There is evidence of a short-term effect
of treatment on the antibody response.
Horibe et al. (1995) found a significant
reduction in the antibody levels at least
2 months after the completion of treat-
ment. Aukhil et al. (1988) showed

significantly lower antibody levels by
the end of the hygiene phase of treat-
ment, i.e. approximately 2 months after
baseline. The current study is the first
that has attempted to determine the
dynamics of the antibody response
during the active phase of treatment,
i.e. at 2-weekly intervals over a period
of 3 months. The data reported here
failed to show that each session of root
planing resulted in increased antibody
levels due to an inoculation effect of
bacteria in the host tissues as suggested
by Ebersole et al. (1985). Each session
of root planing seemed to result in
antibodies of either similar or signifi-
cantly lower levels compared with
baseline values. These results agree
with those of Mouton et al. (1987), who
demonstrated a gradual reduction in
antibody levels 5-7 months after treat-
ment with no peak antibody levels seen
in the immediate post-scaling period.

Antibody avidity appeared to in-
crease during the active phase of treat-
ment for both treatment groups and this
reached statistical significance even
after the first scaling visits, reflecting
the production of high avidity antibo-
dies as a result of antigenic elimination
and/or immune maturation. However, of
great interest was the observation that
antibody avidity significantly increased
in the immediate post-scaling period
rather than at later stages (R1 and R2).
This finding, if upheld by further
studies, would contradict the hypothesis
that the baseline values of antibody
avidity in periodontitis patients exceed a
threshold beyond which no significant
increases can be noted as a result of a
chronic disease process. However, it is
difficult to interpret these results given
the variations within and between in-
dividuals and over time.

No significant differences in serum
antibody levels and avidity were seen
between the two treatment groups at
each visit during the active phase of
treatment (baseline and three additional
visits). However, comparison of changes
in serum antibody levels and avidity with
treatment between Q-SRP and FM-SRP
groups revealed a significantly greater
reduction in serum antibody levels to T.
denticola for the FM-SRP group between
baseline and visit 4, and a significantly
lower increase in antibody avidity to 7.
denticola for the FM-SRP group between
BAS and visit 2. It must be stressed, how-
ever, that visit 4 corresponded to R1 for
the FM-SRP group and to the last session
of quadrant root planing for the Q-SRP

group. This means that the assessment of
the systemic immunological parameters
at this time point was made before
treatment was completed in the Q-SRP
group. These differences in the changes
of antibody levels and avidity between
the two treatment groups would appear to
be of doubtful clinical significance.

It would be interesting to pursue a
research protocol with more frequent
blood sampling to examine the dy-
namics of the humoral immune response
in greater detail. Our experience is that
short-term perturbations of antibody
responses occur, but show great varia-
tion across subjects and are thus difficult
to interpret meaningfully. In this study,
we were looking for longer-term
changes, which could be linked to
longer-term clinical changes. The cur-
rent study did, however, use frequent
blood samples (2-weekly intervals) over
a long period (overall 6 months) than
has been previously performed. A future
investigation may utilise a more exten-
sive series of frequent short-interval
samples, which could also be useful
for bacteraemia assessment.

Conclusion

The present findings did not confirm the
hypothesis that the beneficial effects of
FM-SRP with and without the use of
chlorhexidine are due to an acute
immunological reaction caused by the
inoculation of bacteria into the host
tissues (Quirynen et al. 2000). Further-
more, our data failed to show that same-
day FM-SRP induced an increased
antibody response that differs from that
elicited by Q-SRP at 2-weekly intervals.
The Leuven research group used more
severely affected periodontitis patients
than in the current study, thus having a
greater potential for bacteraemia post-
root planing. However, they recorded
clinical indices from the maxillary right
quadrant only and this makes compar-
isons with the present study difficult.

In conclusion, periodontal therapy
undoubtedly decreases the antigenic load
post-treatment and as a consequence the
antibody levels to specific organisms.
However, a wide variation in the sub-
jects’ antibody response to treatment was
noted and can be partially explained by
the large age range (31-70 years). A
larger sample size, shorter intervals than
2 weeks for blood sampling and a longer
examination period would be suggested
for further investigation.



Acknowledgments

We thank Dr. C. Wyss for providing the
T. denticola cells.

References

AAP (1996) World Workshop in Periodontics.
Consensus report on periodontal diseases:
pathogenesis and microbial factors. Annals of
Periodontology 1, 926-932.

Apatzidou, D. A. & Kinane, D. F. (2004)
Quadrant root planing versus same-day full-
mouth root planing I. Clinical findings.
Journal of Clinical Periodontology 31,
132-140.

Apatzidou, D. A., Riggio, M. P. & Kinane, D.
F. (2004) Quadrant root planing versus same-
day full-mouth root planing II. Microbiolo-
gical findings. Journal of Clinical Perio-
dontology 31, 141-148.

Aukhil, I, Lopatin, D. E., Syed, S. A,
Morrison, E. C. & Kowalski, C. J. (1988) The
effects of periodontal therapy on serum anti-
body (IgG) levels to plaque microorganisms.
Journal of Clinical Periodontology 15,
544-550.

Califano, J. V., Gunsolley, J. C., Schenkein, H.
A. & Tew, J. G. (1997) A comparison of IgG
antibody reactive with Bacteroides forsythus
and Porphyromonas gingivalis in adult and
early-onset periodontitis. Journal of Perio-
dontology 68, 734-738.

Chen, H. A., Johnson, B. D., Sims, T. J.,
Darveau, R. P., Moncla, B. J., Whitney, C.
W., Engel, D. & Page, R. C. (1991) Humoral
immune responses to Porphyromonas gingi-
valis before and following therapy in rapidly
progressive periodontitis patients. Journal of
Periodontology 62, 781-791.

Darby, 1. B., Mooney, J. & Kinane, D. F. (2001)
Changes in subgingival microflora and
humoral immune response following perio-
dontal therapy. Journal of Clinical Perio-
dontology 28, 796-805.

Ebersole, J. L., Frey, D. E., Taubman, M. A. &
Smith, D. J. (1980) An ELISA for measuring
serum antibodies to Actinobacillus actinomy-
cetemcomitans. Journal of Periodontal
Research 15, 621-632.

Ebersole, J. L., Taubman, M. A., Smith, D.J. &
Socransky, S. S. (1982) Humoral immune
responses and diagnosis of human period-
ontal diseases. Journal of Periodontal
Research 17, 478-480.

Ebersole, J. L., Taubman, M. A., Smith, D.J. &
Haffajee, A. D. (1985) Effect of subgingival
scaling on systemic antibody responses to
oral microorganisms. Infection and Immunity
48, 534-539.

Ebersole, J. L., Taubman, M. A., Smith, D.J. &
Frey, D. E. (1986) Human immune responses
to oral microorganisms: patterns of systemic
antibody levels to Bacteroides species.
Infection and Immunity 51, 507-513.

Quadrant root planing versus same-day full-mouth root planing II1

Gmiir, R., Hrodek, K., Saxer, U. P. &
Guggenheim, B. (1986) Double-blind analy-
sis of the relation between adult periodontitis
and systemic host response to suspected
periodontal pathogens. Infection and Immunity
52, 768-776.

Horibe, M., Watanabe, H. & Ishikawa, I. (1995)
Effect of periodontal treatments on serum
IgG antibody titers against periodontopathic
bacteria. Journal of Clinical Periodontology
22, 510-515.

Jacob, E., Meiller, T. F. & Nauman, R. K.
(1982) Detection of elevated serum antibodies
to Treponema denticola in humans with
advanced periodontitis by an enzyme-linked
immunosorbent assay. Journal of Period-
ontal Research 17, 145-153.

Kinane, D. F., Mooney, J., MacFarlane, T. W.
& McDonald, M. (1993) Local and systemic
antibody response to putative periodonto-
pathogens in patients with chronic perio-
dontitis: correlation with clinical indices.
Oral Microbiology and Immunology 8, 65—
68.

MacDonald, R. A., Hosking, C. S. & Jones, C.
L. (1988) The measurement of relative
antibody avidity by ELISA using thiocyanate
elution. Journal of Immunological Methods
106, 191-194.

Mooney, J., Adonogianaki, E. & Kinane, D. F.
(1993) Relative avidity of serum antibodies
to putative periodontopathogens in perio-
dontal disease. Journal of Periodontal
Research 28, 444-450.

Mooney, J. & Kinane, D. F. (1994) Humoral
immune responses to Porphyromonas gingi-
valis and Actinobacillus actinomycetemcomi-
tans in adult periodontitis and rapidly
progressive periodontitis. Oral Microbiology
and Immunology 9, 321-326.

Mooney, J., Adonogianaki, E., Riggio, M. P.,
Takahashi, K., Haerian, A. & Kinane, D. F.
(1995) Initial serum antibody titer to Por-
phyromonas gingivalis influences develop-
ment of antibody avidity and success of
therapy for chronic periodontitis. Infection
and Immunity 63, 3411-3416.

Mooney, J. & Kinane, D. F. (1997) Levels of
specific immunoglobulin G to Porphyromo-
nas gingivalis in gingival crevicular fluid are
related to site disease status. Oral Micro-
biology and Immunology 12, 112-116.

Mouton, C., Hammond, P. G., Slots, J. &
Genco, R. J. (1981) Serum antibodies to oral
Bacteroides asaccharolyticus (Bacteroides
gingivalis): relationship to age and perio-
dontal disease. Infection and Immunity 31,
182-192.

Mouton, C., Desclauriers, M., Allard, H. &
Bouchard, M. (1987) Serum antibodies to
Bacteroides gingivalis in periodontitis: a
longitudinal study. Journal of Periodontal
Research 22, 426-430.

Murray, P. A., Burstein, D. A. & Winkler, J. R.
(1989) Antibodies to Bacteroides gingivalis

159

in patients with treated and untreated perio-
dontal disease. Journal of Periodontology 60,
96-103.

Naito, Y., Okuda, K., Takazoe, 1., Watanabe, H.
& Ishikawa, I. (1985) The relationship
between serum IgG levels to subgingival
Gram-negative bacteria and degree of perio-
dontal destruction. Journal of Dental
Research 64, 1306-1310.

O’Dell, D. S. & Ebersole, J. L. (1995) Avidity
of antibody responses to Actinobacillus
actinomycetemcomitans in  periodontitis.
Clinical and Experimental Immunology 101,
295-301.

Pullen, G. R., Fitzgerald, M. G. & Hosking, C.
S. (1986) Antibody avidity determination by
ELISA using thiocyanate elution. Journal of
Immunological Methods 86, 83-87.

Quirynen, M., Bollen, C. M. L., Vandekerc-
khove, B. N. A., Dekeyser, C., Papaioannou,
W. & Eyssen, H. (1995) Full- vs partial-
mouth disinfection in the treatment of perio-
dontal infections: short-term clinical and
microbiological observations. Journal of
Dental Research 74, 1459-1467.

Quirynen, M., Mongardini, C., De Soete, M.,
Pauwels, M., Coucke, W., van Eldere, J. &
van Steenberghe, D. (2000) The role of
chlorhexidine in the one-stage full-mouth
disinfection treatment of patients with
advanced adult periodontitis. Journal of
Clinical Periodontology 27, 578-589.

Sjostrom, K., Ou, J., Whitney, C., Johnson, B.,
Darveau, R., Engel, D. & Page, R. C. (1994)
Effect of treatment on titer, function, and
antigen recognition of serum antibodies to
Actinobacillus  actinomycetemcomitans in
patients with rapidly progressive periodon-
titis. Infection and Immunity 62, 145-151.

Tolo, K., Schenck, K. & Johansen, J. R. (1982)
Activity of human serum immunoglobulins
to seven anaerobic oral bacteria before and
after periodontal treatment. Journal of
Periodontal Research 17, 481-483.

Whitney, C., Ant, J., Moncla, B., Johnson, B.,
Page, R. C. & Engel, D. (1992) Serum
immunoglobulin G antibody to Porphyromo-
nas gingivalis in rapidly progressive perio-
dontitis: titer, avidity, and subclass distribu-
tion. Infection and Immunity 60, 2194-2200.

Zafiropoulos, G. G. K., Flores-de-Jacoby, L.,
Hungerer, K. D. & Nisengard, R. J. (1992)
Humoral antibody responses in periodontal
disease. Journal of Periodontology 63, 80-86.

Address:

Denis F. Kinane

Department of Periodontics,
Endodontics and Dental Hygiene

School of Dentistry

501 S. Preston

Louisville, KY 40202

USA

email: denis.kinane @louisville.edu



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



