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PERIODONTOLOGY

Effect of Age on Bleeding on Probing (BOP) as an
Indicator of Periodontal Inflammation in Patients Enrolled
in Supportive Periodontal Therapy
Christoph A. Ramseiera / Jean R. Fischerb / Gino Fischerb / Martin Schimmelc

Purpose: To assess the effect of age on the mean percentage of bleeding on probing (BOP) during supportive periodontal therapy (SPT) in patients enrolled in SPT for at least 5 years.
Materials and Methods: This study was performed as a retrospective analysis of data collected from SPT patients
initially diagnosed with gingivitis or mild to severe periodontitis. Two groups of patients were selected: in group A,
younger adults (age ≤ 35 years) were included while group B consisted of older SPT patients (age ≥ 65 years). BOP
in the two groups was compared according to both disease severity and % compliance with SPT visits.
Results: BOP in all patients (n = 236) was 19.2% (± 12.4). Group A (n = 110) presented mean BOP levels of 19.7%
(± 11.8), while lower BOP levels of 18.7% (± 13.0) were found in group B (n = 126; p = 0.5272). Older patients demonstrating high % compliance had lower mean BOP levels (14.2% ± 9.5) than younger patients (18.0% ± 11.7;
p = 0.0841). Similarly, BOP was lower in older patients with moderate (group B: 18.4% ± 12.1, group A:
19.3% ± 14.6, p = 0.0541) or severe periodontitis (group B: 22.4% ± 11.4, group A: 23.2% ± 14.0; p = 0.3440).
In patients with moderate or severe periodontitis and higher % compliance with SPT, the mean BOP was statistically
significantly lower in older patients than in younger patients (moderate: 14.4% ± 11.9 vs 19.4% ± 15.1, p < 0.0001;
severe: 13.2% ± 11.1 vs 18.3% ± 17.5, p = 0.0170).
Conclusion: Older patients enrolled in SPT may present lower levels of BOP. This finding should be considered when
determining SPT intervals with elderly patients.
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W

ith life expectancy continuing to rise across the world,
the proportion of elderly people suffering from chronic
diseases is simultaneously steadily increasing.29 At the
same time, people are increasingly retaining their natural
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teeth well into old age.30 Dental practice teams are seeing
elderly patients more often with natural dentitions or fixed
prosthetic teeth requiring professional dental care, even up
to very old age. Treatment decision making for such care is
generally guided by a risk assessment for the progression
of periodontal disease: high-risk patients are scheduled for
supportive periodontal therapy (SPT) at shorter intervals
than in low-risk patients.
Bleeding on probing (BOP) has been utilized in SPT planning as a periodontal risk indicator for many years.1,13,14,21
Patients with a mean percentage of sites with BOP (BOP%)
of ≤ 20% are periodontally stable, while those with a mean
BOP% of ≥ 30% are considered to have an increased risk of
periodontal disease progression.11,20,25 As demonstrated
by Ramseier et al,25 however, periodontally stable smokers
enrolled in supportive periodontal therapy have a mean BOP
of less than 16%, while 23% is the calculated periodontal
stability threshold for ex-smokers and non-smokers. Furtherr
more, several studies have demonstrated the important
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role of age-related changes in the periodontal immune response in the development of gingivitis.6,10 Both the innate
and the acquired immune system of aging individuals undergo a number of changes which generally lead to immunosenescence, or a functional deterioration of the entire
immune system with age.7 It was suggested that these processes mainly occur due to qualitative changes at the cellular level rather than to a general decrease in all immune
functions.7 Additionally, inflamm-aging is an age-related
change in the human immune system in which – contrary to
immunosenescence – dynamic immune defense processes
paradoxically lead to the increased activity of defense cells
and their mediators.3,16,27 Inflamm-aging is characterized
by the increased release of proinflammatory messengers
and the increased susceptibility of elderly individuals to
chronic diseases associated with it.5
Due to these alterations in the host response in the
elderly, the question arises as to whether their BOP% levels differ from that of younger adults and, if so, whether
their periodontal risk assessment and BOP% threshold values should be adjusted accordingly, as is the case for
smokers. To date, little is known about possible associations of immunosenescence and inflamm-aging with periodontitis.8,9 If elderly patients were shown to have a lower
BOP% than younger individuals, even in those with comparable severity of periodontal disease, clinical assessments
of periodontal risk must take this difference into account.
The present study was therefore designed to test for possible effects of age on bleeding on probing (BOP), an indicator of periodontal inflammation, by retrospective
analysis of patient data collected at the MEDI Dental Hygiene School (MEDI-DH) in Bern, Switzerland in a previous
study by Ramseier et al.25

MATERIALS AND METHODS
This retrospective longitudinal cohort study was based on
the analysis of clinical and demographic data extracted
from the files of patients treated at the MEDI Dental
Hygiene School in Bern (MEDI-DH), Switzerland from 1985
to 2011.24,25
Out of an overall population of 2213 patients treated at
MEDI-DH during the specified period, a total of 445 were
included in this study based on various eligibility criteria, as
described by Ramseier et al.25 The inclusion criteria were:
age ≥ 20 years and SPT enrollment for at least five years.
Two subgroups of this sample were selected for further
analysis: one contained younger SPT patients aged 20 to
35 years, and the other SPT patients aged 65 years or
older (Fig 1). All patients in both subgroups had a known
smoking status and medical status, no history of systemic
disease, and were not taking any medications that might
affect BOP.
Due to the retrospective nature of this analysis, no ethical approval from the Swiss Ethics Committee of the Canton of Bern, Switzerland was required. This analysis does
not fall under the Swiss Research Act (HRA 810.30).
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Treatment Protocol at MEDI-DH
MEDI-DH used a standard screening procedure to evaluate
all patients for all oral diseases on admission. If lesions on
the oral mucosa were detected, the affected patients were
referred to the dental clinics of the University of Bern for
further diagnostic assessment and treatment. Patients with
dental diseases or defective dental prostheses were either
referred to their private dentists or treated by dentists at
MEDI-DH. Periodontally healthy patients were managed at
MEDI-DH according to in-house treatment standards. Periodontally diseased patients received initial periodontal
therapy from dental hygiene students at MEDI-DH and were
subsequently re-evaluated and referred for periodontal surr
gery, if necessary.
All patients treated at MEDI-DH received SPT. The necessary interval between SPT appointments was established at
the end of each active periodontal therapy appointment and
after each SPT appointment, and was later re-evaluated and
adjusted as needed. The interval was determined based on
the following criteria: 1. If the percentage of sites with BOP
was > 20%, the interval was shortened by 1–2 months or to
a minimum of 3 months; if the BOP was < 20%, the interval
extended by 1-2 months up to a maximum of 12 months; 2.
severity of periodontitis (sites with probing depths of 5 mm
or more).

Clinical History
The following demographic data, collected in the the first
study,25 were extracted from the patient records for
analysis in the present study: general health status, current
medications and smoking status. The latter was categorized as follows: smoker (current smoker), former smoker
(ex-smoker) and non-smoker (never smoked). The duration
of active periodontal therapy, the first recall interval for supportive periodontal therapy after active periodontal therapy,
and the total duration of SPT (in months) performed at
MEDI-DH were studied as additional variables.
Retrospectively collected data from the patient records
over the full duration of supportive periodontal therapy included the percentage of sites with bleeding on probing
(BOP%), the number of natural teeth present, and the number of sites with periodontal probing depths (PPD) of 4 mm,
5 mm, 6 mm or ≥ 7 mm at six sites per tooth. In accordance with MEDI-DH policy, records were not kept on sites
with probing depths of 0 to 3 mm.

Statistical Analysis
All statistical analyses were performed using Predictive Analytics SoftWare (PASW, version 18.0.0, Polar Engineering
and Consulting; Armonk, NY, USA). Mean, percentage, and
standard error values were calculated by means of descriptive statistics. Multiple linear regression models and Fisher’s
exact test were used to test for associations of demographic variables with mean BOP% and categorical variables. Student’s t-test and one-way ANOVA were used to
test for statistical significance of differences between numerical variables within subgroups. p < 0.05 was defined
as statistically significant.
Oral Health & Preventive Dentistry
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Fig 1 Patient selection diagram: Of 883 patients previously presented by Ramseier
et al (2014), two subgroups
of patients were identified with
either a maximum age of 35
(n = 110) or a minimum age of
65 (n = 126). Patients in both
subgroups returned for at least
5 years for supportive periodontal therapy (SPT).

RESULTS
Demographic Analysis
The original patient population selected by Ramseier et al
comprised 445 patients.25 Two subgroups of patients from
that sample were included in the present study (Fig 1). The
first (group A) consisted of 110 younger patients (age:
23-35 years) enrolled in SPT. The second (group B) comprised 126 older patients (age: ≥ 65 years) enrolled in SPT.
The demographic characteristics of the sample are summarised in Table 1.
The mean age of the overall sample of 236 patients before the start of treatment was 43.6 (± 15.7) years, with a
range of 20 to 81 years (minimum to maximum). Before the
start of treatment, the younger patients (group A) had a
mean age of 28.2 (± 3.3) years, with ages ranging from 20
to 35 years, whereas the older patients (group B) had a
doi: 10.3290/j.ohpd.b898947

mean age of 57.0 (± 3.3) years within a range of 39 to
81 years. During participation in the SPT program, the
mean age was 51.8 (± 18.7) years for the overall study
population, 32.1 (± 2.2) years for group A, and 68.9 (± 3.9)
years for group B.
The two groups had comparable gender distributions
(p = 0.6722), and their smoking status category results
(21.2% smokers, 25% ex-smokers and 53.8% non-smokers)
were consistent with the general smoking prevalence rates
among the Swiss population in about 2010. Groups A and
B contained comparable percentages of non-smokers
(p = 0.1919) but, as expected, the younger group had a higher
proportion of active smokers (p < 0.0001), and the older group
had a higher percentage of ex-smokers (p = 0.0109) (Table 1).
The duration of periodontal therapy did not differ statistically significantly between the two groups (5.1± 4.6 months
in group A vs 5.9± 4.5 months in group B; p = 0.2006), but
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Table 1 Demographic data on 236 patients enrolled in supportive periodontal therapy (SPT), divided into two groups
as follows: n = 110 patients aged 23 to 35 years and n = 126 patients aged 65 to 90 years

n = 236 patients (100%)

23- to 35-year-olds
(Group A)

65- to 90-year-olds
(Group B)

n = 110 patients (46.6%)

n = 126 patients (53.4%)

p-value,
difference
between groups
A and B
(not adjusted)

Mean

± SD

Range

Mean

± SD

Range

Mean

± SD

Range

p-value

Age (years) at start of
treatment

43.6

± 15.7

20 – 81

28.2

± 3.3

20 – 35

57.0

± 8.0

39 – 81

<0.0001

Age (years) during SPT

51.8

± 18.7

23 – 90

32.1

± 2.2

23 – 35

68.9

± 3.9

65 – 90

<0.0001

Sex (female)

136

57.6%

n.a.

65

59.1%

n.a.

71

56.3%

n.a.

0.6722

Non-smoker

127

53.8%

n.a.

54

22.9%

n.a.

73

30.9%

n.a.

0.1919†

50

21.2%

n.a.

37

15.7%

n.a.

13

5.5%

n.a.

<0.0001†

Smoker
Ex-smoker

59

25%

n.a.

19

8.1%

n.a.

40

16.9%

n.a.

0.0109†

Duration of periodontal
therapy (months)

5.5

± 4.6

0.0 –
34.1

5.1

± 4.6

0.0 –
29.5

5.9

± 4.5

0.3 –
34.1

0.2006

No. of SPT appointments

9.8

± 8.1

1 – 43

6.8

± 4.3

1 – 18

12.3

± 9.6

1 – 43

<0.0001

SPT interval (months)

6.0

± 2.4

3 – 12

6.6

± 2.5

3 – 12

5.5

± 2.1

3 – 12

0.0004

SPT duration (years)

9.6

± 6.6

0 – 25.0

4.5

± 3.1

0 – 11.8

13.9

± 5.6

5.2 – 25.0

<0.0001

68.1

± 20.3

10.8 –
115.4

65.1

± 20.9

13.5 –
111.7

70.7

± 19.4

10.8 –
115.4

0.0358

% compliance with SPT

SD: standard deviation; SPT: supportive periodontal therapy; % compliance: percentage of scheduled SPT appointments attended; †: Fisher’s exact test;
n.a.: not applicable, range (minimum-maximum).

a statistically significant difference in SPT characteristics
was observed: as expected, the older patients in group B had
more SPT appointments (p < 0.0001), shorter SPT intervals
(p = 0.0004), and more years of SPT overall (p < 0.0001).
The rate of attendance of scheduled SPT appointments (%
compliance) was also statistically significantly better
(p = 0.0358) in group B than in group A (Table 1).
The classification applied by Ramseier et al25 was used
to divide the pre-treatment severity of periodontal disease
into the following three categories for further analysis: P1:
gingivitis or mild periodontal disease with periodontal probing depths (PPDs) of 4 mm or less; P2: moderate periodontal disease with PPDs of 4 mm and more (but < 10) sites
with PPDs of 6 mm or greater; P3: severe periodontal disease with probing depths of 4 mm or more and 10 or more
sites with PPDs of 6 mm or deeper.

Rate of SPT Attendance (% Compliance)
As described by Ramseier et al,24 % compliance was defined as the rate of attendance of scheduled SPT appointments, i.e. the percentage of SPT appointments attended.
High compliance was defined as % compliance ≥ 68.1%,
and low compliance as % compliance < 68.1%.
As shown in Table 3, the mean BOP% for the overall population of 236 patients was 19.2% (± 12.4). The younger
group A had a mean BOP of 19.7% (± 11.8). That of the
older group B was slightly lower (18.7% ± 13.0), but the diff
ference was not statistically significant (p = 0.5272).
Older patients with high % compliance had a lower mean
BOP (14.2% ± 9.5; n = 64) than younger patients with high %
compliance (18.0% ± 11.7, n = 37), which was not quite statistically significant (p = 0.0841) (Table 3). In subjects with
low % compliance, there was no statistically significant differr
ence in mean BOP% between those in age groups A and B.

Multiple Linear Regression Analysis
Multiple linear regression analysis revealed that two variables had a statistically significant effect on the mean
BOP% in the 236 SPT patients included in the analysis
(Table 2): % compliance, or rate of SPT attendance
(p = 0.0132), and pre-treatment severity of periodontal disease (p = 0.0237), as defined using the three categories
described above (P1, P2 and P3). The regression coefficient
for the latter variable was 3.289 and was thus weighted
most during further analysis.
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Pre-treatment Severity of Periodontal Disease
As shown in Table 4, the mean BOP% in P1 patients (n = 34)
with gingivitis or mild periodontitis (P) was 12.5% (± 7.0).
Mean BOP% values were much higher in subjects with higher
levels of disease severity: 20.3% (± 11.9) in P2 patients
(n = 131) with moderate periodontitis, and 20.3% (± 14.4) in
P3 patients (n = 71) with severe periodontitis. Furthermore,
the mean percentage of sites with BOP was lower in older P2
and P3 patients than in younger P2 and P3 patients, but the
Oral Health & Preventive Dentistry
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Table 2 Multiple linear regression analysis of associations between mean BOP% and possible confounders weighted
according to the duration of supportive periodontal therapy (SPT) in 236 SPT patients
Regression
coefficient

Standard error

Constant variable

37.675

6.731

Age at start of treatment

-0.188

0.197

Beta

T

95% confidence
interval

p-value

5.598

24.412 – 50.938

<0.0001*

-0.218

-0.955

-0.576 – 0.200

0.3404

Age during SPT

0.098

0.156

0.142

0.627

-0.210 – 0.405

0.5311

Gender

-2.671

1.638

-0.104

-1.630

-5.900 – 0.557

0.1044

Number of SPT appointments

-0.638

0.592

-0.108

-1.079

-1.805 – 0.528

0.2985

Interval between SPT appointments

-0.015

0.006

-0.165

-2.547

-0.026 – -0.003

0.2819

Severity of disease

3.289

1.444

0.167

2.278

0.444 – 6.133

0.0237*

% compliance with SPT

-0.151

0.061

-0.228

-2.498

-0.270 – -0.032

0.0132*

Smoking status

-0.817

1.047

-0.051

-0.780

-2.881 – 1.248

0.4365

Periodontal stability

-0.117

1.978

-0.004

-0.059

-4.015 – 3.782

0.9529

SPT: supportive periodontal therapy; % compliance (percentage of scheduled SPT appointments attended); BOP%: percentage of sites with bleeding on probing; * statistically significant difference.

difference was not statistically significant: 18.4% (± 12.1)
and 19.3% (± 14.6) in group B vs 22.4% (± 11.4) and 23.2%
(± 14.0) in group A, respectively (Table 4).

Mean BOP% by Percent Compliance and Severity of
Periodontal Disease
As shown in Table 5, our analysis of the data at the level of
the individual SPT appointments showed that older patients
(group B) with moderate (14.4% ± 11.9) and severe periodontitis (13.2% ± 11.1) had significantly lower mean
BOP% values than their younger counterparts (p < 0.0001
and p = 0.0170, respectively). No other statistically significant differences between the groups were detected in furr
ther comparisons.

DISCUSSION
The findings of this study show that both the severity of
periodontal disease and the % compliance with SPT attendance have a significant effect on the mean percentage of
sites with BOP, independent of the age of the patient enrolled in supportive periodontal therapy. The pre-treatment
severity of periodontal disease had the greatest effect on
the mean BOP%. A particular finding of this retrospective
study is that among the subjects with moderate to severe
periodontitis who maintained high % compliance with SPT,
older patients ≥ 65 years of age had statistically significantly lower BOP% than their younger counterparts. Among
patients with low % compliance, there was no statistically
significant difference in BOP% between the older and
younger groups.
Schürch and Lang26 analysed the periodontal status of
the Swiss population in the scope of an epidemiological
doi: 10.3290/j.ohpd.b898947

study in 2004. They were particularly interested in potential
associations between patient age and indicators such as the
Gingival Index (GI), as described by Löe and Silness
(1963).19 The mean GI score for their sample of 1224 subjects was 1.32 (± 0.50). The difference between young and
old subjects was statistically significant. The mean GI score
in young adults aged 20 to 29 years was 1.17 (± 0.34) compared to elevated levels of 1.51 (± 0.38) in elderly subjects
aged 70 to 79 years and 1.64 (± 0.50) in patients
≥ 80 years of age. In the present study, we detected an overr
all but slight tendency towards an age-related increase in
BOP in patients with mild periodontitis or gingivitis, but the
difference was not statistically significant. Our findings, however, demonstrate that the mean percentage of sites with
BOP decreased with age in the pre-treatment severity catt
egories of moderate and severe periodontitis. Therefore,
even though a slight increase of the gingival index in the elderly was seen in our sample, the comparability of our results with those of the study by Schürch and Lang26 may be
limited, possibly since their patients were not enrolled in SPT
and they did not use BOP or make comparisons within the
groups ‘disease severity’, ‘smoking status’ or ‘compliance’.
Trombelli et al28 conducted a study in Italy to test for agedependent responses to nonsurgical periodontal therapy.
Fifty-seven young adults with a mean age of 34.7 (± 4.4)
years and sixty older adults with a mean age of 58.9
(± 5.3) years were included in their analysis. Variables studied included BOP% before and after periodontal therapy.
Before treatment, the mean BOP% was 30.9% in the
younger group compared to 27.5% in the older group. The
same pattern was seen following periodontal therapy: the
younger patients had a mean BOP% of 16.0% compared to
15.6% in the older patients. Similar to our study, their older
subjects also had lower BOP% values both before and after
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Table 3
in SPT

Mean BOP by % compliance (high or low) with supportive periodontal therapy (SPT) in 236 patients enrolled

All patients

20- to 35-year-olds
(Group A)

≥ 65-year-olds
(Group B)

n = 236 (100%)

n = 110 patients
(46.6%)

n = 126 patients
(53.4%)

Patients (n) BOP% (± SD)

n

BOP% (± SD)

n

BOP% (± SD)

p-value, difference
between A and B
(not adjusted)
p-value

All patients

236

19.2 (± 12.4)

110

19.7 (± 11.8)

126

18.7 (± 13.0)

0.5272

High % compliance (≥ 68.1%)

101

16.5 (± 10.6)

37

18.0 (± 11.7)

64

14.2 (± 9.5)

0.0841

Low % compliance (< 68.1%)

135

22.7 (± 13.6)

73

20.3 (± 11.7)

62

25.3 (± 15.1)

0.2363

SD: standard deviation; % compliance (percentage of scheduled SPT appointments attended); BOP: percentage of sites with bleeding on probing.

Table 4

Mean BOP by periodontal disease severity in 236 patients enrolled in supportive periodontal therapy (SPT)

All severity categories
P1: Gingivitis or mild CP
P2: Moderate CP
P3: Severe CP

All patients

20- to 35-year-olds
(Group A)

≥ 65-year-olds
(Group B)

n = 236 patients (100%)

n = 110 patients
(46.6%)

n = 126 patients
(53.4%)

p-value, difference
between A and B
(not adjusted)

Patients (n)

BOP (± SD)

n

BOP (± SD)

n

BOP (± SD)

p-value

236

19.2 (± 12.4)

110

19.7 (± 11.8)

126

18.7 (± 13.0)

0.5272

34

12.5 (± 7.0)

29

11.9 (± 7.1)

5

16.2 (± 4.6)

0.2055

131

20.3 (± 11.9)

64

22.4 (± 11.4)

67

18.4 (± 12.1)

0.0541

71

20.3(± 14.4)

17

23.2 (± 14.0)

54

19.3 (± 14.6)

0.3440

CP: chronic periodontitis; SD: standard deviation; BOP: percentage of sites with bleeding on probing.

Table 5 Mean BOP by % compliance and severity of periodontal disease in 236 patients enrolled in supportive periodontal therapy (SPT)
All patients

20- to 35-year-olds
(Group A)

≥ 65-year-olds
(Group B)

N = 236 patients (100%)

N = 110 patients
(46.6%)

N = 126 patients
(53.4%)

p-value, difference
between A and B
(not adjusted)

Number of
SPT appts

BOP
(± SD)

Number of
SPT appts

BOP
(± SD)

Number of
SPT appts

BOP
(± SD)

p-value

1,180

16.5 (± 10.6)

317

18.0 (± 11.7)

863

14.2 (± 9.5)

0.0841

P1: Gingivitis or mild CP

151

15.8 (± 12.4)

113

15.0 (± 13.1)

38

18.3 (± 10.0)

0.1575

P2: Moderate CP

516

16.1 (± 13.3)

173

19.4 (± 15.1)

343

14.4 (± 11.9)

<0.0001*

P3: Severe CP

513

13.5 (± 11.6)

31

18.3 (± 17.5)

482

13.2 (± 11.1)

0.0170*

1,124

22.7 (± 13.6)

434

20.3 (± 11.7)

690

25.3 (± 15.1)

0.2363

P1: Gingivitis or mild CP

109

11.6 (± 12.0)

101

11.8 (± 12.2)

8

11.1 (± 9.1)

0.8643

P2: Moderate CP

621

23.0 (± 11.6)

267

23.6 (± 18.4)

354

22.6 (± 17.0)

0.4975

P3: Severe CP

394

22.0 (± 17.0)

66

20.6 (± 16.9)

328

22.3 (± 17.1)

0.3764

High % compliance (≥ 68.1%)

Low % compliance (< 68.1%)

CP: chronic periodontitis; SD: standard deviation; BOP: percentage of sites with bleeding on probing; appts: appointments; *statistically significant difference.
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treatment. Based on the fact that the patients in the study
by Trombelli et al28 were receiving periodontal therapy, one
may assume that the majority of their patients had mild or
severe periodontitis. Thus, their results overlap with those
in our sample while confirming our hypothesis that BOP may
be reduced in the elderly.
In a much earlier study, Holm-Pedersen et al10 examined a test population for age-related differences in gingival inflammation and concluded that the older subjects
had higher GI scores. However, as that study was based
on a model of experimental gingivitis using subjects without periodontitis at baseline, no direct comparisons can
be drawn between their results and ours. However, it is
interesting to note that Holm-Pedersen et al10 detected
virtually no difference between the age groups at baseline,
before the induction of experimental gingivitis. The difference only occurred during the experimental phase when
the subjects were required to stop all home oral hygiene
measures for 21 days. Apart from the GI, Holm-Pedersen
et al10 also studied the plaque index (PI) and found that
their older subjects had much higher PI values than their
younger counterparts. Moreover, the age-related difference
in the PI was significantly greater than that for the GI. Consequently, the GI values in their older subjects increased
only slightly despite a massive increase in plaque accumulation possibly confirming our hypothesis that BOP in the
elderly may be reduced due to overall changes of the host
response. Holm-Pedersen et al10 also examined the production of sulcus fluid during experimental gingivitis. Here,
too, their older subjects showed much higher levels of sulcus exudate production during the development of experimental gingivitis. The increased sulcus fluid production
observed in older subjects might be a result of inflammaging, while the slight increase in GI in combination with a
sharp increase in PI may be a sign of immunosenescence.
Bleeding on probing (BOP) served as a primary variable of
interest in the present study as an indicator of gingival inflammation. As described by Lang et al,14 BOP is mainly
caused by the pressure of the periodontal probe at the inflamed bottom of the periodontal pocket. Bacteria in the oral
biofilm activate the immune system defence cells of the
marginal periodontium. Local blood flow is then increased to
enable these cells to better reach the source of infection via
the bloodstream. This increase in blood flow is the reason
why bleeding at a BOP-positive site can be interpreted as a
sign of gingival inflammation in clinical diagnostics.22
Neutrophil granulocytes – the most abundant type of
white blood cell in the immune system – form an important
part of the innate immune system. Neutrophils are formed
in the bone marrow and serve as a first line of defense
against invading pathogens. They are able to envelop microorganisms by phagocytosis and attract other defense
cells to a site of infection or inflammation through chemotaxis, ie, chemical signals.12 Age is associated with various
changes or impairments of many neutrophil functions, including chemotaxis and susceptibility to induced apoptosis
as well as the phagocytosis of microorganisms and the
production of reactive oxygen species.9 Age causes a dedoi: 10.3290/j.ohpd.b898947

cline in all of these functions except induced apoptosis,
which increases due to a decrease in the release of antiapoptotic signals, such as granulocyte macrophage-colony
stimulating factor (GM-CSF).2 Many possible reasons for
these changes in function have been discussed. Inflammaging (low-grade inflammation) is only one of them. Neutrophil hypo-responsiveness due to age-related changes in
stem cell properties may also play a role. Other important
changes occur at the molecular level over the course of
aging: intracellular and transmembrane signal cascades
are impaired by various activation and inhibition processes.
Changes in membrane composition (lipid rafts), reduced
recruitment of key membrane receptors such as Toll-like
receptors, and age-related changes in intracellular signal
cascades have been proposed as possible reasons for
this.4,15
Another change involves prostaglandin E2 (PGE-2), the
production of which increases with age. PGE-2 plays an important role in inflammatory resorption of the periodontium.23 Increased periodontal bone loss in older individuals
is generally accompanied by the increased expression of
proinflammatory cytokines. One group of researchers found
that ageing mice express significantly increased levels of
interleukin-1-beta (IL-1`) and tumour necrosis factor-alpha
(TNF-_) – two key cytokine mediators of the destructive
bone resorption associated with periodontitis.23 Another
murine study by Liang et al17,18 revealed the presence of
age-related alterations in the expression of 6 out of 15 gingival immune receptors tested. Those authors assumed
that some of these receptors contribute to increased periodontal inflammation because they are involved in amplification of the host inflammatory response. Hajishengallis et
al8,9 also observed the upregulation of other types of immune receptors with age.
The data collected by the MEDI-DH in Bern provide an
extensive set of information about periodontal conditions in
patients who have received long-term professional dental
hygiene care for at least 5 years. As periodontal probing
depths were measured by dental hygiene students at MEDIDH, clinical data collection could be subject to measurement inaccuracies due to the different levels of clinical experience of the examiners. However, all measurements
were checked and corrected as needed by instructors with
many years of clinical experience.
Because of the retrospective design of the study, the
study was limited to data that had been collected before
the specific research questions, criteria and groups investigated in this study had been defined. The large sample
size, however, enabled division of the population into relatively large subgroups in spite of age selection. Furthermore, the fact that the patients in the selected subgroups
were not on any medications that might affect BOP as an
indicator of gingival inflammation might limit the clinical
relevance of this study because a large number of elderly
patients take such medications. Thus, the results of this
study can only be directly applied to patients receiving professional SPT who are not taking any medications that
affect BOP.
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CONCLUSION
It is a fact that the longevity of the world’s population is increasing. The consequence of this for routine clinical practice is that the number of elderly patients seen in dental
practices will continue to rise in the future. Elderly patients
today can also retain their natural teeth (and periodontium)
longer than ever before, especially in the Western world.
Strategies to boost research in our field should include prospective cohort studies that focus on residual pockets in
the elderly. When conducting such studies, it is important
to make clear distinctions between systemically healthy elderly subjects and those with general diseases that may
affect the periodontium and its inflammatory activity.
While aspects of both inflamm-aging and immunosenescence are expected in the elderly, in the present study, the
clinical expression of the latter in the periodontium was
found in patients with higher % compliance and initial diagnosis of moderate to severe periodontitis. Therefore, while
mean BOP levels of < 20% in younger adults may still reflect
periodontal stability, in the elderly, lower BOP levels of < 15%
may be needed. Consequently, patients exceeding this
threshold should be scheduled for SPT at shorter intervals.

REFERENCES
1.
2.
3.

4.

5.

6.

7.
8.
9.

50

Ainamo J, Bay I. [Periodontal indexes for and in practice]. Tandlaegebladet 1976;80:149–152.
Butcher S, Chahel H, Lord JM. Review article: ageing and the neutrophil:
no appetite for killing? Immunology 2000;100:411–416.
Coppe JP, Desprez PY, Krtolica A, Campisi J. The senescence-associated
secretory phenotype: the dark side of tumor suppression. Annu Rev
Pathol 2010;5:99–118.
Fortin CF, Larbi A, Lesur O, Douziech N, Fulop T Jr. Impairment of SHP-1
down-regulation in the lipid rafts of human neutrophils under GM-CSF
stimulation contributes to their age-related, altered functions. J Leukoc
Biol 2006;79:1061–1072.
Franceschi C, Bonafe M, Valensin S, Olivieri F, De Luca M, Ottaviani E, et
al. Inflamm-aging. An evolutionary perspective on immunosenescence.
Ann N Y Acad Sci 2000;908:244–254.
Fransson C, Berglundh T, Lindhe J. The effect of age on the development
of gingivitis. Clinical, microbiological and histological findings. J Clin Periodontol 1996;23:379–385.
Gomez CR, Nomellini V, Faunce DE, Kovacs EJ. Innate immunity and
aging. Exp Gerontol 2008;43:718–728.
Hajishengallis G. Porphyromonas gingivalis-host interactions: open war or
intelligent guerilla tactics? Microbes Infect 2009;11:637–645.
Hajishengallis G. Too old to fight? Aging and its toll on innate immunity. Mol
Oral Microbiol 2010;25:25–37.

10. Holm-Pedersen P, Agerbaek N, Theilade E. Experimental gingivitis in young
and elderly individuals. J Clin Periodontol 1975;2:14–24.
11. Joss A, Adler R, Lang NP. Bleeding on probing. A parameter for monitoring
periodontal conditions in clinical practice. J Clin Periodontol 1994;21:
402–408.
12. Kumar V, Sharma A. Neutrophils: Cinderella of innate immune system. Int
Immunopharmacol 2010;10:1325–1334.
13. Lang NP, Adler R, Joss A, Nyman S. Absence of bleeding on probing. An indicator of periodontal stability. J Clin Periodontol 1990;17:714–721.
14. Lang NP, Joss A, Orsanic T, Gusberti FA, Siegrist BE. Bleeding on probing.
A predictor for the progression of periodontal disease? J Clin Periodontol
1986;13:590–596.
15. Larbi A, Douziech N, Fortin C, Linteau A, Dupuis G, Fulop T Jr. The role of
the MAPK pathway alterations in GM-CSF modulated human neutrophil
apoptosis with aging. Immun Ageing 2005;2:6.
16. Larbi A, Dupuis G, Douziech N, Khalil A, Fulop T Jr. Low-grade inflammation with aging has consequences for T-lymphocyte signaling. Ann N Y
Acad Sci 2004;1030:125–133.
17. Liang S, Domon H, Hosur KB, Wang M, Hajishengallis G. Age-related alterr
ations in innate immune receptor expression and ability of macrophages
to respond to pathogen challenge in vitro. Mech Ageing Dev 2009;130:
538–546.
18. Liang S, Hosur KB, Domon H, Hajishengallis G. Periodontal inflammation
and bone loss in aged mice. J Periodontal Res 2010;45:574–578.
19. Löe H, Silness J. Periodontal Disease In Pregnancy. I. Prevalence and severity. Acta Odontol Scand 1963;21:533–551.
20. Matuliene G, Pjetursson BE, Salvi GE, Schmidlin K, Bragger U, Zwahlen M,
et al. Influence of residual pockets on progression of periodontitis and
tooth loss: results after 11 years of maintenance. J Clin Periodontol 2008;
35:685–695.
21. Mühlemann HR, Son S. Gingival sulcus bleeding–a leading symptom in
initial gingivitis. Helv Odontol Acta 1971;15:107–113.
22. Page RC, Schroeder HE. Pathogenesis of inflammatory periodontal disease. A summary of current work. Lab Invest 1976;34:235–249.
23. Plowden J, Renshaw-Hoelscher M, Engleman C, Katz J, Sambhara S. Innate immunity in aging: impact on macrophage function. Aging Cell 2004;
3:161–167.
24. Ramseier CA, Kobrehel S, Staub P, Sculean A, Lang NP, Salvi GE. Compliance of cigarette smokers with scheduled visits for supportive periodontal therapy. J Clin Periodontol 2014;41:473–480.
25. Ramseier CA, Mirra D, Schütz C, Sculean A, Lang NP, Walter C, et al.
Bleeding on probing as it relates to smoking status in patients enrolled
in supportive periodontal therapy for at least 5 years. J Clin Periodontol
2015;42:150–159.
26. Schürch E, Lang NP. Periodontal conditions in Switzerland at the end of
the 20th century. Oral Health Prev Dent 2004;2:359–368.
27. Solana R, Tarazona R, Gayoso I, Lesur O, Dupuis G, Fulop T. Innate immunosenescence: effect of aging on cells and receptors of the innate immune system in humans. Semin Immunol 2012;24:331–341.
28. Trombelli L, Rizzi A, Simonelli A, Scapoli C, Carrieri A, Farina R. Age-related
treatment response following non-surgical periodontal therapy. J Clin Periodontol 2010;37:346–352.
29. WHO. 10 facts on ageing and health. In: WHO (ed). Geneva: World Health
Organization (WHO), 2015.
30. Zitzmann NU, Hagmann E, Weiger R. What is the prevalence of various
types of prosthetic dental restorations in Europe? Clin Oral Implants Res
2007;18(suppl 3):20–33.

Oral Health & Preventive Dentistry

