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Abstract
Aim: The aim of this study was to explore general dental practitioners' (GDPs) attitude to periodontal furcation involvement (FI).
Materials and methods: An online survey focused on diagnosis and management of
periodontal FI was circulated to GDPs in seven different countries.
Results: A total of 400 responses were collected. Nearly a fifth of participants reported
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rarely or never taking 6-point pocket charts; 65.8% of participants had access to a
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participants were very/extremely confident in detecting FI, only 8.9% felt very/
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Nabers probe in their practice. When shown clinical pictures and radiographs of FIinvolved molars, the majority of participants correctly diagnosed it. Although 47.1% of
extremely confident at treating it. Differences in responses were detected according to
country and year of qualification, with a trend towards less interest in periodontal diagnosis and treatment in younger generations. Lack of knowledge of management/
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referral pathways (reported by 22.8%) and lack of correct equipment were considered
the biggest barriers to FI management. Most participants (80.9%) were interested in
learning more about FI, ideally face to face followed by online tutorials.
Conclusions: Plans should be put in place to improve general dentists' knowledge
and ability to manage FI, as this can have a significant impact on public health.
KEYWORDS

diagnosis, furcation, periodontitis, questionnaire, treatment

Clinical Relevance
Scientific rationale for study: FI affects the prognosis of a tooth, and therefore correct diagnosis
and management are essential for effective treatment of a periodontal patient with FI.
Principal findings: The majority of participants have access to a Nabers probe in their practice and are
confident in detecting furcation-involved teeth. However, confidence in maintaining FI teeth varied,
with “younger” graduates being wearier of the prognosis of FI-involved teeth. There is great interest in
learning more about FI among all participants through face-to-face and online tutorials.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Practical implications: More training in management of FI teeth is required in order to improve
management in primary care.
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I N T RO DU CT I O N

A furcation involvement (FI) occurs when resorption of bone due to

2
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M A T E R I A L S A N D M ET H O D S

The specific objectives of this study were the following:

periodontal disease extends into the bifurcation or trifurcation areas
of a multi-rooted tooth (American Academy of Periodontology, 2001).
The current commonly used classification of FI includes measurement
of the horizontal extent of FI (Hamp et al., 1975), as well as of its vertical component (Tarnow & Fletcher, 1984).

• To identify the level of GDPs' knowledge in detecting FI and the
greatest barriers they face in managing them;
• To compare the attitude and knowledge base of FI in recent graduates and different groups of GDPs in various parts of the world.

Presence of FI is associated with increased risk of tooth loss, both
in populations under supportive periodontal therapy (Hirschfeld &

The study was registered under King's College London Research

Wasserman, 1978; McGuire & Nunn, 1996; Salvi et al., 2014; Graetz

Ethics Committee Research Ethics Minimal Risk Self-Registration Form

et al., 2015; Dannewitz et al., 2016; Nibali et al., 2016) and not (Nibali

(reference MRA-19/20-20077). This study stems from a collaboration

et al., 2017). As complexity factor, class II and III FI determine peri-

among the authors as part of a research consortium to study furcations

odontitis stage according to the 2018 classification of periodontal dis-

(FERG, Furcation European Research Group). Therefore, the question-

eases (Tonetti et al., 2018). Thus, proper diagnosis without

naire was limited to countries where authors are based. Separate ethics

comprehensive scores of FI is unlikely.

approval was obtained as required in Australia (UQ human ethics clear-

There is a vast literature exploring the best treatment options for

ance number 2020001797/MRA-19/20-20077) and Sweden (Ethics

FIs, but the best management involves early detection and prevention.

Review Authority in Uppsala Dnr 2021/00292). An online question-

This is because if a degree I furcation lesion is left untreated, it is asso-

naire was created through a Qualtrics survey in English and translated

ciated with increased risk of tooth loss (Nibali et al., 2017). However,

into Italian, Swedish, German, and French. Questions were constructed

if it is diagnosed and managed with regular non-surgical periodontal

by periodontists and undergraduate dental students. As no formal sam-

therapy, no increased risk of tooth loss is detected (Huynh-Ba

ple size calculation could be performed, due to the absence of previous

et al., 2009; Nibali et al., 2016). A degree II–III FI requires more com-

similar studies, a convenience sample was included.

plex treatment, often beyond non-surgical therapy, to minimize tooth

The questionnaire covered the following aspects:

loss risk (Dommisch et al., 2020; Jepsen et al., 2020; Sanz
et al., 2020). Tooth loss in the posterior dentition is likely to reduce
the quality of life through reduced masticatory function. However, if

• Participant demographics (e.g., country, year of qualification, professional group);

detected early at the degree I stage and treated appropriately, pro-

• Experience in periodontal treatment;

gression to tooth loss can be reduced or prevented.

• Visual detection and diagnosis of FI;

Patient and public involvement (PPI) groups are used to gather

• Perception of prognosis of teeth with FI;

views on current dental services. A PPI group held at Guy's Hospital

• Confidence in detecting and managing FI;

in October 2019 identified the need for improved education of gen-

• Barriers to dealing with FI;

eral dental practitioners (GDPs) in the management and prevention of

• Perceived need for CPD.

periodontally involved patients with furcation lesions. The group was
presented the evidence relative to the high risk of tooth loss for

A copy of the questionnaire in English can be found in Supple-

molars affected by FI and were shown the available treatment

mentary material 1. Although this was not a previously published vali-

options. Participants in the PPI group understood that FI worsens the

dated scale, we tested it for reliability (Cronbach's alpha). The result

prognosis of a tooth and suggested that greater emphasis ought to be

(α = .669) suggested good reliability of all items in the scale and the

placed on appropriate screening by GDPs. However, there is currently

decision to retain them all for analysis was made on this basis.

little research into the efficiency of GDPs in recognizing these issues
and managing them appropriately (including diagnosis, treatment, and
referral if necessary). It is possible that FI is under-diagnosed in primary care and it is important to better understand the attitude of

3 | P A R T I C I P A N T SE L E C T I O N A N D
RE C RU I TME N T

GDPs towards FI and its management. This questionnaire-based study
aimed to investigate the knowledge of GDPs in identifying and man-

Participants in the study were all GDPs from the United Kingdom,

aging furcation lesions and to understand whether there is a need for

Singapore, Italy (in the provinces of Torino and Catania), Sweden

improved education and continual professional development (CPD) in

(county Skåne), Switzerland, Germany, and Australia, with the addition

the detection and management of FI.

of King's College London dental alumni graduated between 2015 and
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TABLE 1

Method of circulation of survey in different countries and the relevant response rates

Country

County/region/population

Method of circulation

Number of dentists

Responses

Response rate

United Kingdom

GDPs in United Kingdom

British Dental Journal online and
print publication of August 2020

n/a

11

n/a

United Kingdom

King's College London alumni

KCL alumni email blast

1482

39

2.6%

Germany

GDPs in Germany

Zahnärztliche MitteilungenOnline
(zm online), the official online
publication of the
Bundeszahnärztekammer (BZÄK:
German Dental Association), and
the Kassenzahnärztliche
Bundesvereinigung(KZBV: Federal
Association of Statutory Health
Insurance Dentists), Web page/
app of the
Landeszahnärztekammer Hessen
(Dentists' Chamber of Hassia),
Quintessence News

n/a

55

n/a

Switzerland

GDPs in Switzerland

Email blast (Swiss Society of
Dentistry)

5185

94

1.8%

Singapore

Singapore

Email blast through Singapore
Dental Association (SDA) and
College of General Dental
Practitioners (CGDP) forum

2016

13

0.6%

Italy

Catania and Torino

Email blast

1758

73

4.1%

Sweden

County Skåne

Email blast

355

73

20.6%

Australia

Queensland

Link posted in closed social media
group (ADAQ)

Approx. 1200

19

1.6%

Other

—

—

—

18

—

Note: “n/a” indicates not applicable, as the total number of dentists who saw the survey link is unknown. “Other” refers to dentists who have not indicated
the country or how they received the link.

TABLE 2

Demographics of survey participants

Demographics
Country

Sector

Frequency
United Kingdom

KCL graduates

Additional postgraduate qualifications

10.3

Italy

73

18.3

Germany

57

14.3

Switzerland

95

23.9

Sweden

73

18.3

Singapore

14

3.5

Australia

19

4.8

Other

26

6.5

Private

179

44.8

Public/National Health Service

Graduation year

41

Percentage

95

23.8

Private and Public/National Health Service

126

31.5

1960–2000

106

26.5

2001–2010

57

14.3

2011–2020

143

35.8

Missing data

94

23.5

Yes

39

9.8

No

361

90.2

Yes

107

26.8

No

291

72.8

Note: Missing answers account for the total 100% for each question.
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T A B L E 3 Access to the Nabers probe in relation to country and
graduation year
Demographics
Country

United Kingdom

Graduation year

2019 (some of whom now worked outside the United Kingdom).
Participants were invited to take part as described in Table 1, either

Access to Nabers probe (%)

via cascading emails or posts on relevant websites, according to

25.6

local

Italy

89.0

Germany

83.3

Switzerland

87.0

Sweden

55.6

regulations.

No

payment

incentive

was

provided

to

participants.
An information sheet and consent form were provided prior to
participation in the survey. Where email circulation was used, a
reminder email was sent to access the questionnaire. The safety of
participants' data was maintained by following the current information

Singapore

7.1

Australia

29.4

anonymized, encrypted, and physically stored in a protected data

Pre-2000

81.7

point. The survey was open for 7 months, from 27 August 2020 to

2000–2010

71.4

10 April 2021.

Post-2010

56.8

governance

3.1

|

regulations

(GDPR).

All

participants'

data

were

Data analysis

Data from the questionnaires were analysed descriptively. Further
analysis was done by reporting responses separately by participants' group and by characteristics such as the year of graduation
(divided into 1960–2000, 2001–2010, and 2011–2020) and country. Chi-square test was carried out to assess differences in
responses across these different groups of participants for categorical variables.

4

|

RE SU LT S

On survey closure, 480 participants had accessed the questionnaire. Of
FIGURE 1

Frequency of Nabers probe use

these, 400 (83.3%) consented to take part in the survey; 80 (16.7%) did
not consent and were henceforth not included in the study.

F I G U R E 2 Clinical images and radiographs to assess competence in detecting and diagnosis furcation involvement (FI). (a) Nabers probe in
furcation. (b) A long cone peri-apical (LCPA) showing FI in UR6. (c) A section of a dental panoramic tomograph with FI in UL6. (d) An LCPA
showing FI in LL6. (e,f) LCPA and clinical photo of patients with FI III C on UR6 and UR7
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4.1
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Demographics

practice (257 participants, 64.3%), while 109 participants (27.3%) did
not and 22 participants (5.5%) were not sure. Access to a Nabers

Table 2 shows the demographics of the survey participants. The larg-

probe was more frequent in the older group (pre-2000 graduates,

est number of participants who took part in the survey was from Swit-

81.6%), compared with 2000–2010 graduates (71%) and post-2010

zerland (n = 97), followed by Italy and Sweden, Germany, United

graduates (56%). These differences were statistically significant

Kingdom, Australia, and Singapore, with 6.5% from other countries.

(p < .001 at Chi-square). Access to the Nabers probe varied consider-

Most participants worked in the private sector, followed by mixed

ably across countries (e.g., 89% and of 23% for respondents from Italy

public and private, with the least number from the public/National

and United Kingdom, respectively). Figure 1 shows frequency of use

Health Service sector exclusively. More than a quarter (n = 106) of

of the Nabers probe. Most participants (44%) reported using the

the participants had graduated between 1960 and 2000, while

Nabers probe only in patients with advanced periodontitis, 19%

57 reported a graduation year between 2001 and 2010 and 143 par-

reported using it on the majority of their patients, and 3% reported

ticipants had graduated in the last decade (2010 onwards). The gradu-

using it on every patient. A third of the responders never used the

ation year response was missed by nearly 100 participants. King's

Nabers probe. Despite the not-so-frequent use of the Nabers probe,

College London graduates made up just under 10% of the population.

the majority of participants were confident in detecting FI but not
managing it.
A series of clinical images and radiographs (Figure 2) were used to

4.2

|

Experience in periodontal treatment

assess participants' competence in

detecting and

diagnosing

furcation-involved teeth. All of these molars had FI measured cliniJust prior to the COVID-19 pandemic, most of the participants (44.6%)

cally. Looking at the first molar in the clinical image (Figure 2a), most

estimated treating less than 5 periodontal cases per week, 34% treated

of the participants (76.0%) were able to identify the presence of FI,

5–10 cases, while 12% treated about 11–20 cases. Only 7.8% of partic-

while 14.6% denied the presence of FI, and 9.4% were unsure.

ipants treated more than 20 cases per week. A similar trend was seen

Looking at the various radiographs, most participants were also able

in the number of periodontal referrals in the past 6 months. Eighty-five

to identify the presence of furcation bone loss, and therefore FI, in

per cent of respondents referred less than five periodontal cases over a

the first permanent molars (75.7%, 85.3%, 79.6%, and 98.9%, respec-

6-month period, while only 15% referred a larger number. Just over half

tively, for Figure 2b–e).

of participants had treated FI with surgery in their careers, while 12.5%
of participants reported treating more than 50 patients with FI, and
very few felt they had “a great deal” of experience in periodontal sur-

4.4

|

Perception of prognosis of teeth with FI

gery (3.8% for regeneration and none for resective or implant surgery).
The majority of the more experienced participants in periodontal sur-

Almost all (95.1%) participants agreed that FI affects tooth progno-

gery were from Switzerland, Germany, and Italy.

sis. When presented with a radiograph showing the upper right first

Less than half of participants (41.8%) reported taking a 6-point

and second permanent molar with furcation bone loss (Figure 2f,g),

pocket chart (6PPC) after the patient records a CPITN/BPE score of

the management suggested by 40.8% of participants was to treat

3, while 18.5% of participants routinely take a 6PPC when patients

the teeth, while 30.4% would refer the patient to a specialist and

recorded BPE scores of 3 twice, and 17.0% participants when BPE

14.9% would extract the tooth. In the free-text option, several par-

scores of 4 were recorded, while 17.0% of participants reported rarely

ticipants highlighted the difficulty of making treatment decisions

or never taking a 6PPC of their patients.

based on just a radiograph and a photograph. Some highlighted the
importance of patient preferences in making a decision, the prosthetic considerations for the dentition as a whole, as well as the

4.3

|

Diagnosis

importance of focusing on oral hygiene first. Some suggested extraction only once the tooth became grade II–III mobile, or painful.

Table 3 reports the results relative to access to Nabers probes. Most

Others suggested root resection as a possible treatment alternative.

participants stated that they had access to a Nabers probe in their

Patient compliance and medical history were highlighted as factors

TABLE 4

Not at all
A little
Somewhat
Very
Extremely

Confidence in detecting and managing furcation involvement
Confidence in detecting FI

Confidence in managing FI

Confidence in maintaining grade IIIC FI tooth

Frequency (n)

Frequency (n)

Frequency (n)

Percentage

Percentage

Percentage

2

0.54

30

8.22

101

27.82

25

6.72

105

28.77

124

34.16

99

26.61

165

45.21

118

32.51

176

47.31

57

15.62

17

4.68

70

18.82

8

2.19

3

0.83
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that would contribute to treatment planning. One participant out-

The group of participants, mainly from seven different countries,

lined how the patient's age may contribute in the decision-making

had some experience of periodontal treatment in practice, including

process—extraction being preferred if the patient is young, while

carrying out periodontal surgery, for just over half the participants.

considering regular professional cleaning alone for an older patient

This suggests that the surveyed dentists were GDPs particularly inter-

as long as the tooth was asymptomatic. When asked about whether

ested in periodontology. Despite this, it is worrying that the majority

an implant would have a higher survival than a tooth with FI in a

of them did not use the Nabers probe, which is specifically designed

periodontally stable patient, a majority (59.3%) did not believe an

for furcation diagnosis and has been shown to be a reliable method in

implant would have a higher survival, 24.0% believed it would, while

detecting FI (Eickholz, 1995; Eickholz & Kim, 1998; Eickholz &

16.7% were unsure.

Walter, 2018). Most participants were able to identify teeth with FI
through the radiographs and clinical pictures provided, which may
suggest that the participating GDPs were mainly relying on radio-

4.5

|

Confidence in detecting and managing FI

graphs for furcation diagnosis. Based on the British Society of Periodontology, a Basic Periodontal Examination score of 3 should

Table 4 shows the responses related to confidence in managing

instigate basic self-care advice, followed by supragingival debridement

furcation-involved teeth. Most participants (47.1%) were very confi-

and a 6PPC of the sextant post initial therapy. If a score of 4 is pre-

dent in detecting furcation-involved teeth, while only 0.5% were not.

sent, a 6PPC of the entire mouth should be carried out (The British

However, participants showed less confidence in their knowledge on

Society of Periodontology, 2019). Access to Nabers probe seems to

managing furcation-involved teeth, with only 17.9% very/extremely

differ significantly by the year of graduation (younger dentists having

confident, compared with 36.7% little or not confident at all. When

less access), which represents a worrying trend for future generations

asked about their confidence in maintaining the upper molars in

of dentists and patients. This stresses the importance of education at

Figure 2f,g over the next 10 years, 56% were not at all/little confident

the university level and beyond. The great majority of King's College

versus 7.9% very/extremely confident. Confidence in detecting FI,

graduates, most of whom did not routinely use Nabers probes, were

managing FI, and maintaining the example case for 10 years was

young and had little experience of periodontal surgery. Access to the

higher for dentists qualified before 2000 than for the more recently

Nabers probe was also different by country. Although the sample of

qualified groups (respectively, p = .013, p < .001, p < .001 at Chi-

participants was not selected to be representative of dentists in these

square).

countries, and these comparisons between countries have to be interpreted with caution, this may reflect differences in training and overall
attitude to periodontal treatment across different realities and differ-

4.6 | Barriers to dealing with FI and ways to
improve it

ent health systems.
The importance of furcation diagnosis needs to be considered in
the context of the prognostic value of FI, which is shown to be associ-

The participants' perceived barriers to dealing with FI included lack of

ated with tooth loss both in populations under strict periodontal sup-

knowledge of management/referral pathways, lack of correct equip-

portive care (Hirschfeld & Wasserman, 1978; McGuire & Nunn, 1996;

ment, lack of time, and lack of experience in detection and classifica-

Salvi et al., 2014; Graetz et al., 2015; Dannewitz et al., 2016; Nibali

tion. In the free-text option, many participants identified patient

et al., 2016) and in untreated populations (Nibali et al., 2017). Almost

compliance and motivation as a very important barrier to overcome

all participants agreed that FI affects tooth prognosis, and it is encour-

(see Supplementary material 2 for a summary of free-text answers).

aging to see that the majority would attempt to treat the tooth before

The majority (80.9%) of participants were interested in learning more

referring to a specialist or extracting the tooth. However, the results

about furcation detection, classification, and management. The most

are likely to have been skewed towards a more optimistic prognostic

favoured CPD format was face-to-face teaching (42.1%), followed by

outlook due to the number of participants with above-average peri-

online tutorials (30.3%) and shadowing a specialist (23.2%).

odontal experience.
The attitudes to management of FI molars were explored with a
question about the potential management of a periapical radiograph

5

|

DISCUSSION

of a case affected by severe FI (degree III C) (Hamp et al., 1975;
Tarnow & Fletcher, 1984) on two maxillary molars. Approximately

To the authors' knowledge, this is the first study aiming to investigate

41% of the participants felt they could treat the affected teeth, while

dentists' attitude to periodontal furcation diagnosis and treatment in a

15% would extract them. About a third of the GDPs would refer the

group of GDPs from different countries. The main finding is that,

patient to a specialist. Interestingly, the majority of the participants

despite recognizing that FI is important for tooth prognosis, less than

felt that an implant would not have a higher survival chance than a

half of participants use a Nabers probe to diagnose and a third of

tooth with FI in a periodontally stable patient, while 24% favoured an

them had never used a Nabers probe. Furthermore, a 6PPC is not

implant and 16.7% were unsure. Several participants added the impor-

commonly taken by a large proportion of participating GDPs, even in

tance of the oral hygiene of the patients and their preferences in

the presence of a CPITN/BPE score of 3.

treatment decisions. Although the different strategies of extraction
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and implant placement or maintenance of molars with advanced FI

much higher impact on the general population than efforts aimed at

have never been tested in a randomized controlled trial, indirect com-

improving the efficacy of specific surgical approaches. More emphasis

parison suggests that similar survival rates could be expected

on furcation diagnosis in the undergraduate dental curriculum, as well

(Fugazzotto, 2001). It has recently been highlighted how the presence

as online tutorials and face-to face teaching aimed at improving diag-

of FI should not be a reason to extract and replace a tooth (Sanz et al.,

nostic and prognostic knowledge and at clarifying and facilitating access

2020). Furthermore, retaining furcation-involved teeth may also be

to referral pathways, could be key in this effort. From a research stand-

more cost effective than replacing them with implants (Schwendicke

point, a replication of this work with a representative sample of dental

et al., 2014; Ntolou et al., 2016).

practitioners would be necessary to increase the level of evidence.

Having identified the attitude to periodontal FI in participating dentists, we aimed to identify potential barriers and ways to improve furca-
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limited, and not representative, to the seven countries where the survey
was conducted and cannot be generalized worldwide.
In an effort to improve tooth survival and oral-health-related quality of life, emphasis needs to be placed on further training of GDPs, particularly recent graduates working in primary care. This could have a
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