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Abstract

Aim: To assess the accuracy of self-reported gingival bleeding on brushing (GBoB) for

differentiating between periodontal health and disease and explore the optimal

haemoglobin concentration that enables visual detection of GBoB.

Materials and methods: Self-assessment of GBoB was conducted in supervised ses-

sions for 408 consecutive adults. The haemoglobin levels in saliva/toothpaste slurry

(TPS) were analysed, followed by a full-mouth periodontal examination. Periodontal

diagnoses were made based on the 2017 classification of periodontal diseases. Gin-

gival inflammation was defined as presence of at least 10% of sites with bleeding on

probing (BOP). Logistic regression and area under the receiver operating characteris-

tic curve (AUROC) analyses were applied to assess the accuracy of GBoB.

Results: Overall, 37.1% of the subjects claimed self-reported GBoB, and they had higher

values of BOP (median: 25.0%; interquartile range (IQR): 16.0%–37.5%) than those with-

out GBoB (median: 13.5%; IQR: 8.0%–24.8%, p < .001). The concentration/total amount

of haemoglobin in TPS was positively correlated with the number of bleeding sites

(r = .409/r = .520, p < .001). Haemoglobin concentration of 90.58 μg/ml or 0.51 μl

blood volume enabled visual detection of GBoB with an AUROC of 0.848. Self-reported

GBoB exhibited significantly increased values of diagnostic odds ratios (3–8) for varying

degrees of gingival inflammation and periodontal disease (gingivitis and periodontitis). It

showed low to moderate accuracy for discriminating periodontitis and gingivitis from

periodontal health, with a sensitivity of 37.1% and 61.3% and a specificity of 84.8% and

84.4%, respectively. Absence of self-reported GBoB and low levels of haemoglobin had

93%–98% predictive values for periodontal health.

Conclusions: Despite its low sensitivity for the discrimination of periodontitis, self-

reported GBoB is a promising sentinel sign for periodontal health and disease, and

gingival inflammation in particular. It is visually detectable after minor blood loss.

After validation in an independent population, identification of GBoB may promote

earlier detection and better prevention and treatment of periodontal disease, thereby

eventually reducing the global burden of the disease.
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Clinical Relevance

Scientific rationale for study: Gingival bleeding is an early and objective sign of periodontal disease.

If appropriately validated, self-detected gingival bleeding during toothbrushing, a daily home care

routine, has the potential to become a useful warning signal for periodontal health and disease.

Currently, a clear understanding of the utility of gingival bleeding on brushing (GBoB) in periodon-

tal diagnostics, through both visual self-assessment and objective haemoglobin analysis, is lacking.

Principal findings: Quantitative analyses of Hb in TPS performed better than the qualitative

assessment of GBoB in the discrimination of periodontal health and disease with moderate

accuracy. Loss of 0.51 μl of blood enabled visual detection of GBoB with an AUROC of 0.848.

Presence of self-reported GBoB had increased diagnostic odds ratios for gingival inflammation,

and the absence of self-reported GBoB had high predictive value for periodontal health.

Practical implications: Gingival bleeding on brushing as a sentinel sign of gingival inflammation is

visually detectable after minor blood loss, and it shows great potential to promote self-

monitoring of periodontal health and early detection of periodontal disease in home settings.

1 | INTRODUCTION

The recent international workshop on the classification of periodontal

diseases and conditions defined periodontal health as the absence of

attachment loss and gingival inflammation limited to less than 10% of

sites (Caton et al., 2018). Further, bleeding on probing (BOP) has been

accepted as the gold standard for clinical assessment of gingival inflam-

mation (Chapple et al., 2018), with 30% BOP being the cut-off differenti-

ating localized from generalized cases. Presence of gingival inflammation

is considered the key in the dysbiotic changes leading to periodontitis

(Kilian et al., 2016). The global burden of periodontitis remains high (GBD

2017 Disease and Injury Incidence and Prevalence Collaborators, 2018).

Most of it remains undetected, and early diagnosis and effective manage-

ment remain elusive. To tackle it, a key action recommended by the 11th

European Workshop on Prevention of Periodontal Disease has been to

communicate to the public the critical importance of gingival bleeding as

an early sign of disease (Tonetti et al., 2015). Such action has been

endorsed by more than 40 national and international learned societies in

the field of periodontology (Tonetti et al., 2017).

While the pathology of periodontal bleeding is well understood

(Greenstein et al., 1981; Davenport Jr. et al., 1982; Abrams

et al., 1984), little is known about the diagnostic utility of self-

reported gingival bleeding, and gingival bleeding on brushing (GBoB)

in particular. GBoB has the potential to promote self-awareness and

early detection of periodontal disease as a valuable sentinel sign in

home settings, since it incorporates the identification of early warning

signals into daily routine. Only a few studies have explored the associ-

ation of GBoB with periodontal health (Kallio et al., 1990; 1994;

Kallio, 1996; Buhlin et al., 2002; Taani & Alhaija, 2003; Dietrich

et al., 2005; Mariath et al., 2009; Weintraub et al., 2013;

Chatzopoulos et al., 2018; Romano et al., 2020; Goul~ao et al., 2021).

Despite a significant association between GBoB and periodontal

parameters, the above-mentioned studies have two major limitations:

(1) the self-reported past bleeding experience through questionnaire

or interview is at risk of recall bias, thereby resulting in possible misin-

terpretation of the validity, and (2) there is a tendency to neglect sub-

tle and invisible gingival bleeding.

Recent preliminary observations using mobile health applications

for recording GBoB events have shown a significant association

between self-reported GBoB and prediction of BOP, implying a prom-

ising utility of GBoB to identify subjects at risk of periodontal disease

(Tonetti et al., 2020). Furthermore, haemoglobin (Hb) analysis in oral

fluids can be regarded as a supplementary assessment of undetectable

gingival bleeding (Ito et al., 2016). A recent systematic review has rev-

ealed that Hb concentrations in unstimulated and paraffin-stimulated

saliva have good performance to detect periodontitis (Arias-Bujanda

et al., 2020). In the included studies, however, toothbrushing has not

been used to elicit gingival bleeding.

This study aimed to (1) assess the diagnostic accuracy of GBoB

for differentiating between periodontal health and disease, and

(2) define the optimal Hb concentration that enables self-detection of

GBoB. The study hypothesis was that self-reported GBoB might

contribute to screening subjects with gingival inflammation.

2 | MATERIALS AND METHODS

2.1 | Study design and population

This was a cross-sectional diagnostic accuracy study utilizing data of

the first toothbrushing session from an original study with a random-

ized cross-over design, involving a convenience sample of 408 consec-

utive subjects recruited from the Prince Philip Dental Hospital, Hong

Kong, from July 2019 to August 2020. The details of the population

have been reported (Deng et al., 2021). Briefly, 408 consecutive adult

patients with the ability to brush their teeth were recruited. The
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exclusion criteria included periodontal treatment (other than

supragingival cleaning) within the previous 12 months.

2.2 | GBoB index test

The GBoB test was performed prior to the full-mouth periodontal examina-

tion, with a manual toothbrush (Sanxiao toothbrush 998T, Colgate Sanxiao)

and a powered one (iO Pre-series 1.0 handles and iO Clean brush heads,

Oral-B Braun) using a standard toothpaste that did not interfere with Hb

colorimetric assays (Sensitive Pro-Relief, Colgate). Participants were asked

to brush their teeth as they usually did at home, without any disturbance

and time restriction, in a separate room with a mirror and washbasin prior

to the clinical examination. During and after the brushing session, the sub-

ject spit the saliva/toothpaste slurry (TPS) into a 50-ml transparent collec-

tion container. At the end of the brushing session, participants were asked

to self-assess the presence or absence of blood in the TPS (GBoB). The

TPS samples were collected and frozen at�70�C until analysis.

2.3 | Quantification of Hb in the TPS samples

Frozen TPS samples were thawed at room temperature and centrifuged at

10,000 rpm for 10 min at 4�C for quantitative analysis. The volume of the

supernatant of TPS was measured, and the concentration of Hb in the TPS

was determined by ultraviolet–visible (UV–vis) spectroscopy at an absor-

bance peak at 406 nm specific for methemoglobin (van Kampen &

Zijlstra, 1983). For the calibration curve, an Hb stock was prepared by dis-

solving lyophilized human haemoglobin (Sigma Co.) in deionized water at

5 mg/ml. Serial dilutions were then performed to create standards at

500, 400, 200, 100, 50, and 25 μg/ml. The absorbance of the standard solu-

tion and TPS samples were measured at 406 nm by a microplate reader

(SpectraMaxM2Microplate Reader,Molecular Devices), and the concentra-

tion of Hb was then determined based on the standard curve. The total

amount ofHb and the volumeof blood lostwere calculated based on theHb

concentration, sample volume, and a normal Hb concentration in blood of

15 g/dl (Bain, 2006). TheUV–vis method had been validated in a pilot study,

and the coefficient of determination (R2)was >.999 (data not shown).

2.4 | Periodontal examination and case definition—
Reference standard

The clinical periodontal measurements, including probing pocket

depth (PPD), BOP, clinical attachment level (CAL), furcation involve-

ment (FI), tooth mobility, and the number of teeth lost attributed to

periodontitis, were assessed by a single calibrated examiner (KD) who

was blind to the results of the GBoB test. Details of the examination

protocol and reproducibility of the examiner have been reported

recently (Deng et al., 2021).

Potentially eligible participants 
(N = 501)

Eligible participants  
(N = 408)

Periodontal disease Gingival inflammation

Absent
(n = 256)

Condition present
(n = 24); 

Condition  
absent (n = 232)

Condition present
(n = 104); 
Condition 

 absent (n = 48)

Condition present
(n = 176); 

Condition absent 
(n = 80)

Condition present
(n = 142); 
Condition  

absent (n = 10)

PeriodontitisGingivitis

Full mouth periodontal examination (Reference standard) 
N = 408

Present
(n = 152)

Condition present
(n = 38); 

Condition  
absent (n = 114)

Absent
(n = 256) 

Present
(n = 152)

Absent
(n = 256)

Present
(n = 152)

Absent
(n = 256)

Present
(n = 152) 

Absent
(n = 256) 

Present
(n = 152)

Condition
present (n = 200); 

Condition  
absent (n = 56)

Condition present
(n = 138); 
Condition  

absent (n = 14)

Condition present
(n = 180); 
Condition  

absent (n = 76)

Generalized gingival inflammation

Condition present
(n = 57); 

Condition  
absent (n = 95)

Condition present
(n = 41); 

Condition  
absent (n = 215)

Powered toothbrushing   
(N = 204)

Manual toothbrushing   
(N = 204)

Randomization

Assessment of GBoB

TPS sample collection and Hb concentration analysis 

The GBoB test (Index test )

Excluded N = 93
- Refused consent (n = 58)
- Use of antibiotic medication (n = 28)
- Recent subgingival debridement (n = 3)
- Edentulous patient (n = 2)
- Illiteracy (n = 2)

Valid sample 
    (N = 407)

Self-reported GBoB Self-reported GBoB Self-reported GBoB Self-reported GBoB Self-reported of GBoB

Assessment of GBoB

F IGURE 1 Standards for Reporting Diagnostic Accuracy (STARD) flow diagram of the study for various periodontal conditions
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F IGURE 2 Relation of self-reported GBoB to Hb concentrations in
the TPS samples. (a) Distribution of Hb concentrations in subjects with
or without self-reported GBoB. Each point denotes the value for a
participant. The horizontal bars display the medians and interquartile
ranges (IQR). The horizontal green line denotes the threshold value for
GBoB being self-detected (Hb ≥90.58 μg/ml). (b) ROC analysis of Hb,
comparing concentrations in subjects with self-reported GBoB to those
without GBoB

The cases of periodontal health, gingivitis, and different stages of peri-

odontitis were diagnosed according to the 2017 classification of periodon-

tal diseases (Chapple et al., 2018; Papapanou et al., 2018; Tonetti

et al., 2018; Trombelli et al., 2018). Here, periodontal disease is referred to

as plaque-induced gingivitis or periodontitis as previously described (Deng

et al., 2021). A gingivitis case was further classified as localized

(10% ≤ BOP% ≤ 30%) or generalized (BOP% > 30%) based on the percent-

age of bleeding sites (Trombelli et al., 2018). To test the study hypothesis,

gingival inflammation was defined by the presence of at least 10% bleeding

sites (BOP% ≥ 10%) without regard to the CAL. A case with localized gingi-

val inflammation was defined as 10%–30% bleeding sites (10% ≤ BOP

% ≤ 30%), and a case with generalized gingival inflammation had more than

30% bleeding sites (BOP% > 30%). Cases with minimal gingival inflamma-

tion were defined as less than 10% bleeding sites (BOP% < 10%).

2.5 | Data analysis

Frequencies were used to describe the distribution of self-reported

GBoB, and Chi-square tests were employed to compare the inter-

group differences. Medians with interquartile range (IQR) were used

to describe the distribution of Hb levels, and Mann–Whitney U tests

or Kruskal–Wallis tests were used to assess differences across groups.

To explore the optimal Hb concentration that enables visually notice-

able GBoB, receiver operating characteristic (ROC) analysis was con-

ducted. The cut-off value was chosen by optimizing the sum of

sensitivity and specificity from the ROC curves.

Pearson's correlation coefficient analyses were performed to investi-

gate the correlation between Hb and periodontal clinical parameters.

Logistic regression analyses assessed the unadjusted association of the

GBoB test with periodontal status in univariate analyses. The diagnostic

accuracies of self-reported GBoB, Hb concentration, and the combina-

tion of self-reported GBoB and Hb concentration were assessed based

on logistic regression models. The area under the ROC curve (AUROC),

diagnostic odds ratios (DORs), sensitivity, specificity, positive predictive

values, and negative predictive values were calculated. The standard

nomenclature for defining low, moderate, and high levels of diagnostic

accuracy was previously reported (Deng et al., 2021). p-Values <.05 were

considered to be statistically significant. All analyses were performed

with the SPSS software, version 26.0 (IBM Corp.).

3 | RESULTS

The subject characteristics and disease distribution of the study popula-

tion have been recently reported (Deng et al., 2021). The STARD flow-

chart of this study is displayed in Figure 1. There were 407 samples

valid for Hb concentration measurements except for one low-volume

saliva/toothpaste slurry sample from a Stage IV periodontitis patient. A

total of 152 (37.1%) subjects reported GBoB. The Hb concentration

ranged from 5.90 to 5978.06 μg/ml with a median of 85.13 μg/ml for

the entire population, while the total amount of Hb ranged from 1.823

to 2379.27 μg with a median of 79.36 μg corresponding to a median

volume of blood loss of 0.53 μl (range 0.1–15.9 μl).

3.1 | Relation of self-reported GBoB to Hb levels

As shown in Figure 2, the Hb concentration from subjects with self-

reported GBoB (median: 205.69 μg/ml; IQR: 105.79–463.15 μg/ml) was

significantly higher than those without self-reported GBoB (median:

62.98 μg/ml; IQR: 40.96–98.45 μg/ml; p < .001). The ROC analysis dem-

onstrated that an Hb concentration of 90.58 μg/ml enabled self-

detection of bleeding in the TPS samples (sensitivity: 80.1%; specificity:

71.1%; AUROC: 0.848). The same analysis for total amount of Hb or

blood volume revealed a cut-off value of 77.05 μg or 0.51 μl (sensitivity:

83.4%; specificity 68.4%, AUROC: 0.848, Appendix Figure S1).

3.2 | Association of GBoB with periodontal clinical
parameters

Subjects with self-reported GBoB had significantly higher values of

BOP% (median: 25.0%; IQR: 16.0%–37.5%) compared with those

without GBoB (median: 13.5%; IQR: 8.0%–24.8%; p < .001). More-

over, subjects had significantly greater numbers of periodontal

pockets ≥4 mm (median: 19; IQR: 6–41) than those without GBoB

1540 DENG ET AL.
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(median: 11; IQR: 4–25; p < .001). They also had significantly greater

numbers of bleeding pockets of ≥4 mm (median: 11; IQR: 3–25) than

those without GBoB (median: 5; IQR: 1–13; p < .001). Despite the

small number of periodontal pockets of ≥6 mm, subjects with self-

reported GBoB still had significantly greater numbers (median: 0.5;

IQR: 0–4.8) than those without self-reported GBoB (median: 0; IQR:
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F IGURE 3 Pearson's
correlation coefficient analyses of
the concentration and total
amount of Hb with periodontal
clinical parameters.
(a) Concentration and total
amount of Hb with the number of
bleeding sites. (b) Concentration
and total amount of Hb with
number of periodontal pockets
≥4 mm. (c) Concentration and
total amount of Hb with number
of deep pockets ≥6 mm.
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amount of Hb with number of
bleeding pockets ≥4 mm.
(e) Concentration and total
amount of Hb with number of
bleeding pockets ≥6 mm. Each
point denotes a subject in the
population (n = 408); r,
correlation coefficient
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0–2; p = .012). The concentration and total amount of Hb were posi-

tively correlated with the number of bleeding sites, number of peri-

odontal pockets ≥4 mm, number of deep pockets ≥6 mm, and number

of bleeding pockets (Figure 3). Among these clinical variables, the

number of bleeding pockets ≥6 mm had the highest correlation with

the Hb concentration (r = .538, p < .001), while the number of bleed-

ing sites showed the highest correlation with the total amount of Hb

(r = .520, p < .001).

3.3 | GBoB and periodontal case diagnosis

Table 1 shows the distribution of self-reported GBoB and Hb levels

by periodontal status. Gingivitis patients self-detected GBoB more

frequently than periodontitis and periodontal health cases (gingivitis >

periodontitis > periodontal health, p < .001). The concentration and

total amount of Hb were significantly higher in subjects with peri-

odontitis and gingivitis than periodontally healthy ones (Figure 4).

Although subjects with gingivitis reported more frequently GBoB than

those with periodontitis, there was no significant difference in Hb

levels in their TPS samples. Regarding the stages of periodontitis,

there was no significant difference in the relative proportion of

self-reported GBoB among subjects with Stages I–IV periodontitis

(Table 1). Likewise, no significant difference in the concentration and

total amount of Hb across different stages of periodontitis was

identified (Figure 4).

Subjects with generalized gingival inflammation (BOP% > 30%)

reported more frequently GBoB compared with those with localized

gingival inflammation (10% ≤ BOP% ≤ 30%) and minimal inflammation

(BOP% < 10%). Notably, the distribution of Hb in TPS among subjects

with different gingival inflammatory statuses was in agreement

with self-reported GBoB. The concentration and total amount of Hb

increased with the extent of gingival inflammation (minimal inflamma-

tion < localized inflammation < generalized inflammation, p < .001).

A logistic regression analysis was conducted to investigate

the association between the GBoB test and periodontal status

TABLE 1 Prevalence of self-reported GBoB, concentrations, and total amounts of Hb according to different periodontal statuses

GBoB estimates

(a) Periodontal case definitions

Periodontal health (n = 66) Gingivitis (n = 62) Periodontitis (n = 280) p-Value

Self-reported GBoB 10 (15.6%)a 38 (61.3%)b 104 (37.1%)c <.001

Hb concentration (μg/ml) 56.71a (34.48–117.70) 104.91b (57.72–239.56) 90.18b (55.17–176.56) <.001

>Detection limit (90.08 μg/ml) 21 (31.8%)a 35 (56.5%)b 139 (49.8%)b .011

Total amount of Hb (μg) 35.99a (24.41–60.27) 119.37b (75.49–246.97) 93.06b (38.28–176.70) <.001

>Detection limit (70.05 μg) 9 (13.6%)a 44 (71.0%)b 154 (55.2%)b <.001

GBoB estimates

(b) Stages of periodontitis

Stage I (n = 65) Stage II (n = 65) Stage III (n = 121) Stage IV (n = 29)

p-

Value

Self-reported GBoB 23 (35.4%) 25 (35.8%) 43 (35.5%) 12 (42.9%) .884

Hb concentration

(μg/ml)

79.60 (54.12–200.97) 103.14 (59.91–201.48) 80.15 (56.56–165.83) 90.95 (47.99–273.88) .784

>Detection limit

(90.08 μg/ml)

31 (47.7%) 37 (56.9%) 57 (47.1%) 14 (50.0%) .618

Total amount of Hb

(μg)
120.74 (41.07–201.60) 82.69 (42.99–161.11) 84.48 (34.53–158.47) 100.91 (36.10–318.46) .328

>Detection limit

(70.05 μg)
38 (58.8%) 35 (53.8%) 64 (52.9%) 17 (60.7%) .818

GBoB estimates

(c) Gingival inflammatory status

BOP% < 10% (n = 90) 10% ≤ BOP% ≤ 30% (n = 220) BOP% > 30% (n = 98) p-Value

Self-reported GBoB 14 (15.6%)a 81 (36.8%)b 57 (58.2%)c <.001

Hb concentration (μg/ml) 56.71a (34.49–108.63) 76.59b (52.49–143.59) 168.90c (80.06–370.52) <.001

>Detection limit (90.08 μg/ml) 28 (31.1%)a 99 (45.2%)a 68 (69.4%)b <.001

Total amount of Hb (μg) 34.39a (23.56–52.90) 82.40b (38.43–133.86) 187.13c (93.29–376.32) <.001

>Detection limit (70.05 μg) 11 (12.2%)a 116 (50.3%)b 80 (81.6%)c <.00

Note: Data are presented as either median, interquartile range (IQR), or n (%). Chi-square tests (for categorical data) and Kruskal–Wallis tests

(for continuous data) were used to assess differences across groups. If group differences are indicated (p < .05), then pair-wise comparisons between

the groups were conducted using a Bonferroni method to adjust the significance level for the multiple comparisons. Values with different superscripts

(e.g., a, b, and c) are significantly different. Stage I periodontitis; II, Stage II periodontitis; III, Stage III periodontitis; IV, Stage IV periodontitis.
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(Table 2). Subjects with self-reported GBoB exhibited increased

DORs for having all periodontal diagnoses (gingivitis, periodonti-

tis, periodontal disease, and varying degrees of gingival inflamma-

tion). Subjects with elevated concentrations and total amounts

of Hb also had increased DORs for having all periodontal

diagnoses.

3.4 | Diagnostic utility of self-reported GBoB,
concentrations, and total amounts of Hb in the
detection of different periodontal conditions

The diagnostic accuracy of self-reported GBoB, concentration, and

total amount of Hb are reported in Table 3. The total amount of Hb in
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F IGURE 4 Distribution of the concentration and total amount of Hb among different periodontal statuses. (a) Concentration and total
amount of Hb with periodontal case definitions. (b) Concentration and total amount of Hb with different stages of periodontitis. (c) Concentration
and total amount of Hb with gingival inflammatory status. Each dot represents one participant; the horizontal bars in each graph display the
medians and interquartile ranges (IQR). Kruskal–Wallis tests were used to assess differences among groups. **p < .01, ***p < .001; ns, not
significant; Stage I, Stage I periodontitis; Stage II, Stage II periodontitis; Stage III, Stage III periodontitis; Stage IV, Stage IV periodontitis
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TPS performed better than self-reported GBoB or the Hb concentra-

tion. The total amount of Hb (amount of blood loss) in GBoB test

showed moderate to high accuracy in detecting gingival inflammation,

especially generalized gingival inflammation, with a moderate sensitiv-

ity of 75.5%, a high specificity of 95.6%, and a high AUROC of 0.901.

Additionally, this test showed acceptable performances for discrimi-

nating gingivitis (AUROC = 0.847), periodontitis (AUROC = 0.739),

and periodontal disease (AUROC = 0.754) from periodontal health.

4 | DISCUSSION

Visual self-detection of GBoB or quantitative Hb measurements in

TPS could be a sentinel sign of periodontal health and disease. Indeed,

the presence of self-reported GBoB had significantly increased DORs-

of 3–8 for varying degrees of gingival inflammation and periodontal

disease (gingivitis and periodontitis), while the absence of self-

reported GBoB had >90% predictive value for periodontal health.

Similar results were observed for quantitative Hb analyses in TPS.

Interestingly, GBoB was self-detectable even after minor blood loss

(Hb concentration: 90.58 μg/ml corresponding to a blood volume

of 0.51 μl).

This is the first validation study on self-reported GBoB in a super-

vised environment using a population seeking dental care in the con-

text of a high-quality diagnostic trial. Of importance is the observation

that quantitative analyses of Hb in TPS performed better than the

self-reported qualitative test in the discrimination of various peri-

odontal case diagnoses. Furthermore, the specific diagnostic profile of

GBoB indicates that it can be incorporated into a multi-test approach

to improve screening. More investigations are in progress in these

areas. A companion paper from this trial will report additional

validation of the test as performed with manual or pressure-sensitive

powered toothbrushes and according to the brushing behaviour of

the subjects (data not shown). These findings are in agreement with

earlier reports (Kallio et al., 1994; Taani & Alhaija, 2003; Chatzopoulos

et al., 2018), but sensitivity and specificity values were slightly better

(Kallio et al., 1990; Kallio, 1996; Gilbert & Nuttall, 1999; Buhlin

et al., 2002; Dietrich et al., 2005; Weintraub et al., 2013; Romano

et al., 2020; Goul~ao et al., 2021). This may be partly explained by the

recall bias in self-administrated questionnaires or interviews used in

previous studies and support the principle that training and practicing

are necessary for effective deployment of GBoB at the population

level. It should be stressed, however, that different criteria used to

define gingival inflammation may hamper comparability among

studies.

Although elevated Hb concentrations have been detected in

unstimulated and paraffin-stimulated saliva in periodontitis subjects

(Nomura et al., 2006, 2012, 2016; Kugahara et al., 2008; Pham

et al., 2011; Nam et al., 2015), the diagnostic utility of Hb levels after

stimulation by a toothbrushing session—one of the most prevalent

oral home care behaviours—had not been previously assessed. In the

present study, the total amount of Hb in TPS performed slightly better

than salivary Hb concentrations in previous studies. The different

diagnostic performance is also related to variations in periodontal case

definitions and study design. Furthermore, in previous studies eleva-

tion of Hb concentration in saliva is primarily a result of resting bleed-

ing from ulcerated periodontal pockets without mechanical

stimulation. It is expected that, in the current study, Hb measurements

are the results of bleeding from ulcerated periodontal pockets com-

bined with the marginal bleeding elicited by toothbrushing. Moreover,

it is noteworthy that the total amount of Hb performed better for

detecting various periodontal statuses than its concentration in TPS.

TABLE 2 Univariate logistic regression analysis for the association of GBoB estimates with different periodontal status

Variables

Periodontal case definitions

Gingivitis vs. periodontal health Periodontitis vs. periodontal health Periodontal disease vs. periodontal health

Crude OR (95% CI) Crude OR (95% CI) Crude OR (95% CI)

Self-reported GBoB 8.87 (3.81–20.64)*** 3.31 (1.62–6.77)*** 3.98 (1.96–8.06)***

Hb concentration 1.005 (1.002–1.009)** 1.004 (1.001–1.007)* 1.004 (1.001–1.007)**

Total amount of Hb 1.033 (1.019–1.047)*** 1.018 (1.010–1.026)*** 1.019 (1.011–1.027)***

Variables

Gingival inflammatory status

Gingival inflammation vs. minimal
inflammation

Localized gingival inflammation vs.
minimal inflammation

Generalized gingival inflammation vs. minimal
inflammation

Crude OR (95% CI) Crude OR (95% CI) Crude OR (95% CI)

Self-reported

GBoB

4.16 (2.26–7.67)*** 3.16 (1.68–5.95)*** 7.55 (3.76–15.15)***

Hb concentration 1.005 (1.002–1.008)** 1.004 (1.001–1.007)** 1.009 (1.005–1.013)***

Total amount of

Hb

1.024 (1.016–1.032)*** 1.023 (1.015–1.031)*** 1.035 (1.023–1.046)***

Note: Please see text for details of the periodontal case definitions and the gingival inflammatory status. ***p < .001; **p < .01; *p < .05.

Abbreviations: 95% CI, confidence interval of 95%; OR, odds ratio.
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This may be partly due to the fact that the extravasation of erythrocytes

originating from the blood vessels of inflamed gingival tissues into the

oral cavity may be diluted by the volume of stimulated saliva while brus-

hing. These important observations, after adequate validation, may sug-

gest the potential for developing biosensors or rapid tests to detect

blood loss in oral fluids. Additional work is needed in this area.

Another important aspect of this study is the interpretation of the

role of GBoB in periodontal health and disease. GBoB may be a reliable

indicator of gingival inflammation measured by BOP, and thus it does

not specifically discriminate between periodontitis and gingivitis, as both

are characterized by varying degrees of gingival inflammation. As such,

GBoB is conceivably associated with the extent of gingival inflammation

defined by BOP% with different thresholds, but it does not necessarily

have an association with the stages of periodontitis defined by severity

of the periodontal attachment loss and the complexity of case manage-

ment. Of note, the discrimination of periodontal health and disease by

GBoB could improve the self-awareness of periodontal health and early

detection of the disease status in home settings. Identification of the dis-

ease status, especially gingivitis and incipient periodontitis, may contrib-

ute to more cost-effective health gains. In this respect, the recent release

from the Economist Intelligence Unit of data on the high returns on

investment of treating and preventing gingivitis to prevent periodontitis

emphasizes the importance of early self-detection of gingival inflamma-

tion for the implementation of such strategy (Bishop, 2021).

Pending validation in independent populations from various

health systems, introduction of self-reported GBoB as a sentinel sign

for periodontal health and disease may result in a profound reduction

of the burden of periodontal disease despite its imperfect diagnostic

accuracy (GBD 2017 Disease and Injury Incidence and Prevalence

Collaborators, 2018). In other areas of medicine, the self-detection of

sentinel signs with comparable accuracy has had major health impacts

in the early diagnosis of a variety of diseases. Perhaps one of the early

success stories that has radically changed the management of breast

cancer in the late 1970s and 1980s has been breast self-examination

(BSE). Its impact—besides allowing detection of smaller tumours and

shortening the diagnostic process (Greenwald et al., 1978), which

regrettably did not translate into increased survival (Thomas

et al., 2002)—has been manifold: increased disease awareness, bring-

ing more patients for clinical exams, and, lastly, paving the way for

routine mammography and more targeted and effective treatment. In

the future, a quantitative analysis of GBoB may bring benefits similar

to the detection of occult blood in stools for screening of colorectal

cancer (Lin et al., 2016).

Despite the promising role of GBoB, several limitations should be

addressed in the present study. First, the study population consisted

of a cohort of hospital dental attendees and therefore is not represen-

tative of the general population. Second, although the study was

designed to test the validity of GBoB elicited by both manual and

powered toothbrushes, the selection of specific toothbrushes and

toothpaste might compromise its generalizability to some degree.

Additionally, the subjects' brushing performance and GBoB detection

in a supervised situation may deviate from their daily practices and

evaluation at home despite our maximum effort in simulation of the

real-life situation. Furthermore, this study excludeed subjects with

recent periodontal treatment for ease of analysis. As GBoB is believed

to work as a warning signal for the general population, the inclusion

of these subjects would have maximized the generalizability of the

results. Finally, it remains unclear whether cigarette smoking, steroid

hormone fluctuations, or the use of anticoagulants will affect the test

results of GBoB, as evidence shows that smoking has a suppressive

effect on BOP and that steroid hormone levels may modify gingival

inflammatory response (Dietrich et al., 2004; Murakami et al., 2018).

Taken together, further studies (including longitudinal studies) are

highly needed to test its application in different settings and verify

the external validity in different populations using more representa-

tive samples.

Despite its low sensitivity for the discrimination of periodontitis,

self-reported GBoB may be a promising sentinel sign for periodontal

health and disease, and gingival inflammation in particular. GBoB is

visually detectable even after minor blood loss. After pending valida-

tion in independent populations, the recognition of GBoB may

improve the self-awareness of the individual periodontal health status,

which could translate into better prevention, earlier detection, and

effective treatment of periodontal disease, thereby eventually reduc-

ing the high global burden of disease.
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