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Highlights

e Vertical root fracture is a complete or incomplete fracture initiated from the root mostly or can also

initiate at any level above the CE].

e The signs, symptoms, and radiographic findings of VRF can be confused with those of advanced peri-
odontal disease or endodontic treatment failure, thus complicating the diagnosis.

e Vertical root fractures have been reported to occur primarily in endodontically treated teeth due to
compaction forces and/or with post placement.

e Vertical root fracture is one of the most frustrating conditions in dental office. In most cases, it leads
to extraction—or at least root amputation.
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The aim of the present study was to assess the knowledge of Libyan dentists about vertical root
fractures (VRF), causes, clinical signs and symptoms, diagnosis and treatment and to find out the
relationship between the knowledge and sociodemographic data of the dentists.

Materials and Methods: This was a descriptive cross-sectional study. The survey was carried
out in Benghazi (Libya) in 2021. 375 dentists were invited. Data were collected using an elec-
tronic questionnaire. The questionnaire is designed to consist of two parts; the first part deals
with the demographic characteristics of the participants and the second part is divided into four
aspects to assess the knowledge of participants about VRF; (the definition and general infor-
mation of VRF, the signs, symptoms, and diagnostic process of VRF, factors that contribute to
VRFs and the preferred treatment of VRF in single-root and multi-rooted teeth). The survey data
were statistically analyzed using Fisher’s Exact test.

Results: The survey response rate was 375/225(60%). Almost half of respondents 112 (49.8%)
had moderate Knowledge score about (definition and general information of VRF) and (the signs,
symptoms and diagnostic process of VRF). The relationship between the knowledge score of the
Libyan dentists regarding the signs, symptoms and diagnostic process of VRF and (gender, Spe-
cialization) was statistically significant difference p value < 0.05. The male participants in this
study had higher knowledge score than female regarding this section. The endodontists had a
higher knowledge for diagnosis of VRF than others did. More than half (63.1%) and Almost half
(46.2%) of respondents had high knowledge scores about contributing factors to the suscepti-
bility of root to fracture and the preferred treatment for VRF in single and multi-rooted teeth,
respectively. The relationship between the knowledge score of the Libyan Dentists regarding the
preferred treatment for VRF in single and multi-rooted teeth and gender was a statistically sig-
nificant difference p value <0.05. The male participants in this study had higher knowledge score
than female participants regarding the preferred treatment for VRF.

Conclusion: This study showed that around half of the participants had moderate to high
knowledge regarding to different aspects of VRF.

1. Introduction

A vertical root fracture is one of the most frustrating conditions

to its multifactorial nature. There are both predisposing and con-
tributing factors (Tamse, 2008). The predisposing factors are actu-
ally uncontrollable. These are biochemical changes in the dentin at

in the dental office. According to The American Dental Association
of Endodontists "True vertical root fracture is defined as a com-
plete or incomplete fracture initiated from the root mostly or can
also initiate at any level above the CE]" (Revera et al., 2008). In gen-
eral, tooth fracture is considered the third most common cause of
tooth loss. In addition, VRF accounts for 2—5% of total tooth frac-
ture cases (Torbjrner et al, 1995). The incidence of VRF is more
frequently associated with endodontically than non-endodonti-
cally treated teeth (Garcia-Guerrero., 2018). The etiology of verti-
cal root fracture (VRF) in root canal-treated teeth is complex due

the root of root canal treated teeth, pre-existing cracks in untreated
teeth, and the specific anatomy of vulnerable teeth with VRF (Tang
et al, 2010). Contributing factors have been attributed to iatro-
genic risk factors associated with various dental procedures per-
formed on the teeth (Reeh et al.,, 1989). VRF is considered a clinical
condition in which multiple predisposing factors contribute to the
development of root fractures. However, the associated pathology
occurs only after an unknown period of time when the root canal
and fracture area become infected. Thus, an uninfected VRF (de-
fined as "histological VRF") is not clinically apparent until fracture
infection develops, followed by clinical signs and symptoms. At this
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stage, VRF can be defined as "clinical VRF". The prevalence of 'his-
tological VRF' in endodontically treated teeth may be significantly
higher than the prevalence of clinically apparent 'clinical VRF'
(Tamse, 2008).

The final diagnosis of VRF is at times complicated for lack of
specific signs, symptoms, and/or radiographic features and be-
cause several etiologic factors might be involved. Signs and symp-
toms, for example, dull pain or pain on mastication, mobility, pres-
ence of a sinus tract, deep probing defects, a periodontal abscess,
and periapical radiolucencies, are often similar to those found in
failing root canal treatment or in periodontal disease. Thus, the dif-
ferential diagnosis from other pathologic entities might be difficult
(Walton etal.,, 2017). Atimely mannered diagnosis and appropriate
management are prudent to avoid excessive alveolar bone loss,
which may affect future reconstructive procedures, should implant
therapy be the treatment of choice (Tsesis et al., 2010).

VRF is a complicated condition that requires a clinician with
wide vision and wise decisions. The combination of comprehensive
clinical and radiographic examination is essential as the diagnosis
of such cases is challenging. The aim of the present study was to
assess the knowledge of the Libyan dentists (Benghazi dentists as
a case study) about vertical root fractures, causes, clinical signs and
symptoms, diagnosis and treatment and to find out the relationship
between the knowledge and sociodemographic data of the dentists.

2. Materials and Methods

This was a descriptive cross-sectional study. The survey was
carried out in Benghazi (Libya) during 2021. 375 dentists were in-
vited among the dentists who registered successfully as members
of the Libyan Dental Association. This sample was convenience
sample included general practitioners, specialists and endodon-
tists. The dentists included in this study were informed about the
purposes of the questionnaire and the anonymous nature of the re-
sponse. The study was conducted through an online survey were
contacted directly or by mail. Among the 375 dentists requested for
the survey, 225 dentists responded with a response rate of 60%.
The questionnaire used in the present study was developed under
the guidance of previous study on VRF (Tamse et al., 2015; Metzger
et al, 2016). The questionnaire designed to consists of two parts;
the first part (items 1-4) deals with the demographic characteris-
tics of the participants including age, gender, years of experience in
dentistry, and specialty, and the second part was divided into four
different aspects to assess knowledge about vertical root fractures;
first items (5-14) examined the definition and general information
of VRF, second item (15) examined the signs, symptoms, and diag-
nostic process of VRF, third item (16) examined factors that con-
tribute to VRF, fourth items (17) and (18) are related to the pre-
ferred treatment of VRF in single-root and multi-rooted teeth. All
the questions in this questionnaire are closed-ended questions.
The participants were asked to choose from the answers (yes, no
or I do not know).

The questionnaire was first piloted on a few dentists in a local
setting and minor modifications were made before it was utilized
in this study. Approval from ethics committee of Faculty of Dentis-
try, Benghazi University, Libya was obtained (protocol no 0109).
The survey data were statistically analyzed using statistical pack-
age for social science (SPSS). Fisher’s Exact test was used to find
out the relationship between the knowledge score and sociodemo-
graphic data of the participants with level of statistical significance
set at p<0.05.

3. Results:

The survey response rate was 225/ 375 (60%). A total of 225
respondents, 51(22, 7%) male, and 174 (77.3%) female partici-
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pated in the study. The majority 168(74.7%) of the study partici-
pants were general dental practitioners, 48(21.3%) were specialist
(not endodontist) and 9(4.0%) were endodontists. Regarding
years of experience in dentistry, the majority of respondents 101
(44.5%) had 1-6 years of experience as a dentist, while 57 (25.3%)
had 6-10 years of experience. 33 (14.7%) had 11-15 years of expe-
rience. 14 (6.2%) had 16-20 years of experience. Descriptive sta-
tistics of the participants are shown in Table 1.

To assess the knowledge of Libyan dentists about VRFs, The
questionnaire was designed into four different aspects the defini-
tion and general information of VRF, the signs, symptoms, and di-
agnostic process of VRF, the contributing factors to the susceptibil-
ity of root to fracture, and the preferred treatment for VRF in single
and multi-rooted teeth. The knowledge was classified into three
scores (low knowledge, moderate knowledge, and high

knowledge) according to respondents’ answers (Sezgin and Siri-
noglu Capan, 2020).

Table 1

Descriptive statistics of the participants

Demographic data Numbers (%)
Gender
Male 51 (22.7 %)
Female 174 (77.3 %)
Total 225 (100.0 %)
Specialization
General dental practitioner 168 (74.7 %)
Specialist (not endodontist) 48 (21.3 %)
Endodontists 9 (4.0 %)
Total 225 (100.0 %)
Years of experience in dentistry
1-5 years. 101 (44.9%)
6—10 years. 57 (25.3%)
11-15 years. 33 (14.7%)
16—20 years 14 (6.2%)
More than 20 years 20 (8.9%)

I. Dentist’s knowledge regarding the definition and general in-
formation of VRF

Almost half of the respondents (49.8%) had a moderate
Knowledge scores about the definition and general information of
VRF, (27.1% high Knowledge score and 23.1% low knowledge
score (Fig. 1). As shown in Table 2 the descriptive responses of the
participants to the survey questions related to this section, (37%)
of dentists knew that VRF was defined as a complete or incomplete
fracture initiated from the root at any levels usually directed
bucco-lingually. More than half of respondents 60% identified that
the fractures probably begin internally (canal walls) and grow out-
ward to the root surface. Almost half of the respondents (48%)
were aware that the most susceptible roots to fracture are those in
which the mesiodistal diameter is narrow compared to buccolin-
gual dimension. (55.6%) of respondents knew that VRF is mostly
associated with endodontically treated teeth. More than half of re-
spondents (68%) were unaware that radiopaque metal post cause
artifacts, making CBCT assessment of VRF difficult and reducing its
specificity. (22.2%) of the dentists knew that neither cracked teeth
nor trauma-related fractures are types of VRF. 36% of respondents
identified the correct percentage (10-20%) of VRF.

The relationship between the knowledge score of the Libyan
dentists regarding the definition and general information of VRF
and demographic variables (gender, specialization, and years of
experience in dentistry) was not significantly different, with p-
value (0.125,0.496 and 0.947) respectively, Table 3.
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Fig. 1. Percentage of Knowledge score of the participants for the four aspects of VRF.

Table 2

The descriptive responses of the participants to the survey questions related to the definition and general information of VRF

Answers, Number (%)
Yes No [ don’t know Total

85(37.8%) 87(38.7%) | 53 (23.6%) 225(100%)

I. The definition and general information of VRF

VRF complete or incomplete fracture initiated from the root at any
levels usually directed bucco-lingually.

The fractures probably begins internally (canal walls) and grows out-
ward to the root surface.

The most susceptible roots to fracture are those in which the mesi-
odistal diameter is narrow compared to buccolingual dimension.
VRFs are longitudinal (apico-coronal direction) fracture and may oc-
cur at any level in the root.

A vertical root fracture (VRF) is not an uncommon complication in
root canal treated teeth

Is it possible vertical root fracture to occur in nonendodontically

135 (60.0%) | 47(20.9%) | 43 (19.1%) 225(100%)

108 (48.0%) | 49 (21.8%) | 68 (30.3%) 225(100%)

171 (76.0%) | 23 (10.2%) | 31(13.8%) 225(100%)

125 (55.6%) | 76 (33.8%) | 24 (10.7%) 225(100%)

ot tooth, 185 (82.2%) | 25 (11.1%) | 15 (6.7%) 225(100%)
VREF results in major damage to the periodontium 144 (64.0%) 57 (25.3%) | 24 (10.7%) 225(100%)
Both cracked tooth and truma related fractures are types of VRF 143 (63.6%) 50 (22.2%) | 32 (14.2%) 225(100%)

CBCT is superior to conventional radiographs to detect VRF, especially

0, 0, 0, 0,
when metal posts are present. 153 (68.0%) | 27 (12.0%) | 45 (20.0%) 225(100%)

What is your information about the percentage of vertical root

0-10% 11-20% 21-30% | 31-40% | 41-50% Total
fracture

57 81 69 16 2 225

0,
Answer, Number (%) (253%) | (360%) | (30.7%) | (7.1%) | (0.9%) | (100%)

Table 3

The relationship between the knowledge score of the Libyan Dentists regarding the definition and general information of VRF and demographic variables

N e o . . . N
Knowledge score Gender, No. (%) Specialization, No. (%) Years of experience in dentistry, No. (%)
of The definition Specialist More
and general infor- Male Female General (nolij:eacriaerllsdo- Endodo- 1-5years 6-10 11-15 16-20 than
mation of VRF . ntist M years years years 20
dontist)
years

Low Knowledge 7 45 40 12 0 23 13 8 4 4
score (13.7 %) (26%) (23.8%) (25 %) (0.0%) (22.8 %) (22.8%) | (24 %) | (28.6 %) (20 %)
Moderate 26 86 84 23 5 48 32 17 6 9
Knowledge score (51%) (49%) (50 %) (48 %) (55.6 %) (47.5%) | (56.1%) | (52%) (42.8%) | (45 %)
High Knowledge 18 43 44 13 4 30 12 8 4 7
score (35.3 %) (25%) (26.2 %) (27 %) (44.4 %) (29.7%) (211 %) | (24%) (28.6%) | (35%)
Total 51 174 168 48 9 101 57 33 14 20

100% 100% 100% 100% (100%) 100% 100% 100% 100% 100%
P value 0.125 0.496 0.947
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I1. Dentist’s knowledge regarding the signs, symptoms, and di-
agnostic process of VRF

Almost half of the respondents 112 (49.8%) had a moderate
level of knowledge about the signs, symptoms, and diagnostic pro-
cess of VRF. (29.3%) high knowledge and (20.9%) low knowledge,
(Fig. 1). As shown in Table 4 the descriptive statistic responses of
the participants to the survey questions related to signs, symptoms,
and diagnostic process of VRF, Less than one-third of respondents

Table 4

(22.7%) knew that VRF does not elicit symptoms that bring the pa-
tient to the dentist, while 65.8% of respondents answered incor-
rectly. The majority (72.9%) are aware that mild pain on mastica-
tion is a common symptom and mild mobility is detectable, but not
a common sign. More than half of the respondents (68.9%) knew
that percussion and palpation usually elicit a mild response.
(63.6%) of respondents knew that localized swelling or bad taste
from the drainage of periodontal abscess.

The descriptive responses of the participants to the survey questions related to the signs and symptoms and diagnostic process of VRF

II. Which of the following/s is/are correct about signs and

Answers, Number (%)

symptoms and diagnostic process of VRF Yes No I don’t know Total
VRF does not elicit symptoms that bring the patient to the dentist. | 51(22.7%) 148 (65.8%) | 26 (11.6%) 225(100%)
Pain on mastication is common but mild and mobility is detecta-

ble, but mild and not common. 164 (72.9%) 35 (15.6%) 26 (11.6%) 225(100%)
Percussion and palpation usually generate a mild response. 155 (68.9%) 47 (20.9%) 23 (10.2%) 225(100%)

Localized swelling or bad taste from the drainage of periodontal
abscess

143 (63.6%) 39 (17.3%) | 43 (19.1%) 225 (100%)

VRFs produce narrow and deep defects on facial and /or lingual

surfaces representing the periodontal breakdown and inflamma- | 123(54.7%) 47 (20.9%) 55 (24.4%) 225(100%)
tory process facing the fracture

Draining sinus tract 107 (47.6%) 77 (34.2%) 41 (18.2%) 225(100%)
A combination of probing defects coupled with sinus tract in an

endodontically treated tooth(with or without a post) is often | 117 (52.0%) 31 (13.8%) 77 (34.2%) 225(100%)
pathognomonic for VRF

A most frequent radiographic feature of VRF is the "halo 121 (53.8%) 16 (7.1%) 88 (39.1%) 225(100%)
(J-shaped).

Many of the VRF cases do not show any pathological bony o o o N
changes and normal probing depths. 96 (42.7%) 78 (34.7%) 51(22.7%) 225(100%)
Flap reflection is the only reliable method of identification of 60 (26.7%) 117 (52.0%) | 48 (21.3%) 225(100%)

VRF

However, (54.7%) of respondents agreed that VRF produces
narrow and deep defect on facial and /or lingual surfaces. Almost
half of the respondents (47.6%) were aware that one of the signs
of VRF is draining the sinus tract. (52%) of respondents identified
that a combination of probing defects coupled with sinus tract in
an endodontically treated tooth (with or without a post) is often
pathognomonic for VRF. More than half of respondents (53.8%)
knew that the most frequent radiographic feature of VRF is the
"halo" (J-shaped). (26.7%) of respondents identified that a flap re-
flection is the only reliable way to identify VRF, while (52%) an-
swered incorrectly. As shown in Table 5, the relationship between
the knowledge score of the Libyan Dentists regarding the signs,
symptoms, and diagnostic process of VRF and gender was signifi-
cantly different at p-value <0.05. The male participants in this
study showed a higher knowledge score than female participants
regarding this section. More than half (62.7%) of males and (46%)
of females had moderate knowledge scores, (31.3%) of males and
(28.7%) of females had high knowledge scores and (6%) of males
and (25.3%) of females had low knowledge scores. The relation-
ship between the mentioned knowledge score and specialization
(general, specialist, and endodontist) was statistically significant
with a P value of <0.05. Endodontists have the highest level of
knowledge for the diagnosis of VRF. A majority (88.9%) of endo-
dontists had high knowledge scores while (41.7%) of Specialists
(not an endodontist) and (54.2%) of general had moderate
knowledge scores. There was no significant difference between the
mentioned knowledge level and years of experience p=0.501.

III. Dentist’'s knowledge Regarding the Contributing factors to
the susceptibility of root to fracture

More than half (63.1%) of respondents participants in this
study had a high Knowledge score about contributing factors to the
susceptibility of root to fracture Whereas the moderate Knowledge
score (26.2%) and low knowledge score (10.7%), (Fig. 1). As
shown in Table 6 the descriptive responses of the participants to
the survey questions related to contributing factors to the suscep-
tibility of root to fracture, the majority (78.7%) of respondents
were aware that shape of root cross section is one of the natural
predisposing factors for VRF. The majority (82.2%) (84.9%) and
(85.3%) of respondents reported that excessive occlusal loads or
high concentration of such loads at a specific point, Preexisting mi-
cro-cracks, and excessive root canal preparation respectively are
the contributing factors to the susceptibility of root to fracture. Half
(50.7%) of the respondents identified that the design of nickel-ti-
tanium rotary and reciprocation files is one of the contributing fac-
tors. More than half (61.3%) and (54.2%) of respondents were
aware that uneven thickness of remaining dentin and obturation
techniques-lateral compaction exert a lot of strain on radicular
dentin respectively have an effect on the susceptibility of root to
fracture. More than a third of respondents (38.7%) reported that
type of spreader used is one of the influencing factors. (16.9%) of
the respondents knew that the excessive use of various root canal
irrigation solutions and medications can affect the susceptibility to
root fractures. The majority (80.9%) of respondents reported that
post selection; design and seating are the contributing factors.
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Table 5

The relationship between the knowledge score of the Libyan Dentists regarding the signs and symptoms and diagnostic process of VRF and
demographic variables

o e o . . . N
Knowledge score Gender No. (%) Specialization No. (%) Years of experience in dentistry No. (%)
of The signs, symp- . More
toms and diagnos- Specialist _ 1.5 610 | 1115 | 16-20 | than
tic process of VRF Male Female General | (notanen- | Endodontis years years years years 20
dodontist)
years
Low Knowledge 3 44 33 14 0 21 9 9 4 4
score 6.0% 25.3% 19.6% 29.2% 0.0% 20.8% 158% | 27.2% | 28.6% | 20%
Moderate 63227 80 91 20 1 56 29 12 7 8
Knowledge score ‘%; 46.0% 54.2% 41.7% 11.1% 55.4% 509% | 36.4% 50% 40%
High Knowledge 31163 50 44 14 8 24 19 12 3 8
score % 28.7 26.2% 29.1% 88.9% 23.8% 33.3% | 364% | 21.4% | 40%
Total 51 174 168 48 9 101 1(')507‘V 33 14 20
100% 100% 100% 100% 100% 100% 0 100% 100% | 100%
P value 0.005 0.002 0.501
Table 6
The descriptive responses of the participants to the survey questions related to contributing factors to the susceptibility of root to fracture
I11. Which of the following contribute/s to the susceptibility of Answers, Number (%)
root to fracture Yes No I don’t know Total
Shape of root cross section. 177 (78.7%) 19 (8.4%) 29 (12.9%) 225(100%)
Exce§§1ve (.)cclusal loads or high concentration of such loads at a 185 (82.2%) 19 (8.4%) 21 (9.3%) 225(100%)
specific point.
Pre- existing micro cracks. 191 (84.9%) 16 (7.1%) 18 (8.0%) 225(100%)
Excessive root canal preparation. 192 (85.3%) 15 (6.7%) 18(8.0%) 225 (100%)
Design of nickel-titanium rotary and reciprocation files. 114 (50.7%) 55 (24.4%) 56(24.9%) 225(100%)
Uneven thickness of remaining dentin 138 (61.3%) 39 (17.3%) 48 (21.3%) 225(100%)
Types of spreaders used. 87(38.7%) 89 (39.6%) 49 (21.8%) 225(100%)
Obt_uratlon techmques - lateral compaction exert a lot of strain on 122 (54.2%) 59(26.2%) 44 (19.6%) 225(100%)
radicular dentin.
Ei(ecgfsslve use of various root canal irrigation solution and medica- 38 (16.9%) 142 (63.1%) 45 (20.0%) 225(100%)
Post selection, design and seating. 182 (80.9%) 14 (6.2%) 29 (12.9%) 225(100%)
Crown design and ferrule effect. 133 (59.1%) 57 (25.3%) 35 (15.6%) 225(100%)

As shown in Table 7, The relationship between the knowledge score of the Libyan dentists regarding the contributing factors to the
susceptibility of root to fracture and the demographic variables (gender, specialization, and years of experience in dentistry) was not
significantly different, with p-value (0.679, 0.185, 0.062) respectively. However, the endodontists had the highest knowledge score.

Table 7

The relationship between the knowledge score of the Libyan Dentists regarding the Contributing factors to the susceptibility of root to fracture and demo-
graphic variables

The Contrib- Gender No. (%) Specialization No. (%) Years of experience in dentistry No. (%)
uting factors to More
the susceptibil- Specialist
ity of root to Male Female General | (notanendo- | Endodontis -5 6-10 11-15 16-20 than
fracture dontist) years years years years 20
years
Low Knowledge 5 19 17 7 0 (0%) 7 4 7 1 5
score (9.8%) (10.9%) (10.1%) (14.6%) 0 (6.9%) (7%) (21.2%) (7.1%) (25%)
gggﬁzg‘* . 11 48 45 14 0 29 15 4 4 7
score g (21.6%) (27.6%) (26.8%) (29.2%) (0%) (28.7%) | (26.3%) | (12.1%) | (28.6%) | (35%)
High Knowledge 35 107 106 27 9 65 38 22 9 8
score (68.6%) (61.5%) (63.1%) (56.2%) (100%) (64.3%) | (66.7%) | (66.7%) | (643%) | (40%)
Total 51 174 168 48 9 101 57 33 14 20
100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
P value 0.679 0.185 0.062
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IV. Dentist’'s knowledge regarding the preferred treatment for
VRF in single and multi-rooted teeth

Almost half (46.2%) of the respondents participants in this
study had high Knowledge scores about the preferred treatment
for VRF in single and multi-rooted teeth, Whereas (31.1%) had
moderate Knowledge scores, and (22.7%) had low knowledge
scores, (Fig. 1). As shown in Table 8, the descriptive responses of
the participants to the survey questions related to the preferred
choice for VRF in single and multi-rooted teeth, (52.4%) of re-
spondents reported that wait and see is not the preferred treat-
ment for VRF in single and multi-rooted teeth. More than half
(56.9%) of respondents are aware that the replantation procedure
combined with the bonding of the fractured segments is not the

Table 8

preferred treatment for VRF in single rooted. While almost half
(45.3%) and a half (50.7%) of respondents knew that (application
of Mineral trioxide aggregate) and (Flap elevation and cementation
of the root fracture) respectively are not preferred treatments for
VRF in single rooted teeth. The majority (77.3%) of respondents
reported that extraction is the preferred treatment for VRF in sin-
gle rooted teeth. Half (44.9%) and more than half 142 (63.1%) of
respondents aware that root amputation and hemisection respec-
tively are the preferred treatment for VRF in multi rooted teeth.
Whereas Less than half (33.3%) and more than half (53.8%) of re-
spondents reported that (bicuspidization), (Flap elevation, and ce-
mentation of root fracture) respectively are not preferred treat-
ment for VRF in multi rooted teeth.

The descriptive responses of the participants to the survey questions related to the preferred treatment for VRF in single

and multi-rooted teeth.

IV- In your opinion: what is the preferred Answers, Number (%)

treatment for VRF in single rooted teeth Yes No I don’t know Total

Wait and see. 77 (34.2%) 118 (52.4%) 30 (13.3%) 225(100%)

Replantation procedure combined with bonding o o o o

of the fractured segments. 49 (21.85%) 128 (56.9%) 48 (21.3%) 225(100%)

Mineral trioxide aggregate (MTA) 75(33.3%) 102 (45.3%) 48 (21.3%) 225(100%)

51];;2 elevation and cementation of the root frac- 54 (24.0%) 114 (50.7%) 57 (25.3%) 225 (100%)

Extraction 174 (77.3%) 21 (9.3%) 30 (13.3%) 225(100%)

In your opinion: what is the preferred treat-

ment for VRF in multi rooted teeth

wait and see 70 (31.1%) 118 (52.4%) 37 (16.4%) 225(100%)

Root amputation. 101(44.9%) 68 (30.2%) 56 (24.9%) 225(100%)

Hemisection. 142 (63.1%) | 43 (19.1%) 40(17.8%) 225(100%)

Bicuspidization 78 (34.7%) 75 (33.3%) 72(32.0%) 225(100%)

Flap elevation and cementation of root fracture. | 47(20.9%) 121(53.8%) 57(25.3%) 225(100%)

Extraction 170 (75.6%) 26 (11.6%) 29(12.9%) 225(100%)
Table 9

The relationship between the knowledge score of the Libyan Dentists regarding The preferred treatment for VRF in single and multi-rooted

teeth and demographic variables

The pre- o Sl o . . . o
ferred treat- Gender No. (%) Specialization No. (%) Years of experience in dentistry No. (%)
ment for VRF Specialist More
n sn}gle and Male Female General (notan endo- | Endodontis -5 6-10 11-15 16-20 than
multi-rooted donti years years years years 20
ontist)
teeth years
t?lszle dee 4 47 34 17 0 19 14 9 3 6
score 5 7.8% 27%% 20.3% 35.4% 0.0 % 18.8% 24.6% 27.3% 21.4% 30%
g}f{?ﬁ:;e . 11 59 56 10 4 35 14 9 6 6
score g 21.6% 34% 33.3% 20.8% 44.4% 34.7% 24.6% 27.3% 42.9% 30%
Eﬁ;}le dee 36 68 78 21 5 47 29 15 5 8
score 8 70.6% 39% 46.4% 43.8% 55.6% 46.5% 50.8% 45.4% 35.7% 40%
Total 51 174 168 48 9 101 105070/ 33 14 20
100% 100% 100% 100% 100% 100% ? 100% 100% 100%
P value 0.00 0.068 0.814

As shown in Table 9, the relationship between the knowledge
score of the Libyan dentists regarding the preferred treatment for
VRF in single and multi-rooted teeth and gender was statistically
significant difference p value <0.05. The male participants in this
study had higher knowledge scores than female participants re-
garding this section. More than half (70.6%) of male and (39%) of
females had high knowledge score, (21.6%) of male and (34%) of
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female had moderate knowledge score and (7.8%) of male and
(27%) of female had low knowledge score. The relationship be-
tween the knowledge score of the Libyan dentists regarding the
preferred treatment for VRF in single and multi-rooted teeth and
demographic variables (specialization and years of experience)
was not statistically significant different p value (0.068 and 0.814)
respectively.
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4. Discussion

The primary objective of this study was to determine the level
of knowledge of Libyan dental practitioners about the vertical root
fracture etiology, diagnosis, predisposing factors and treatment.
The knowledge was assessed by using reliable and valid question-
naire. The questionnaire was designed to be easy to read and
straightforward to complete. The survey was carried out online.
Hopefully, this will increase participation in this study. Several
studies have been conducted to meet this important aspect. How-
ever, the survey-based researches about (VRF) are rare, so we have
not found in literature any study similar to ours to compare with.
In 2017, Mehrvarzfar et al. designed a survey about vertical root
fracture, but the content of the study was different from the ques-
tionnaires used in current study (Mehrvarzfar et al., 2017). They
concluded that the knowledge and clinical judgment of general
dentists are in low levels needing serious improvement. In this
study, 77.3% (174 of 225) were females, the highest proportion of
females currently graduating from Libyan dental schools. Similar
sample feminization was observed in other surveys conducted in
Libya and other countries, (Crespo-Gallardo et al., 2018; Peeran et
al, 2015).

In relation to the item of definition and general information of
VRF, only 37.8% of the respondents who report that VRF is com-
plete or incomplete fracture initiated from the root at any levels
usually directed bucco-lingually and rarely have a mesiodistal ori-
entation. On the other hand more than half of the participants agree
with the literature (Fuss et al., 1999; Tsesis et al.,, 2010) that VRES
are longitudinally oriented (an apico-coronal direction). They can
originate at any level in the root commonly beginning in the apical
part. The fractures originate in the root canal wall and extend to
the root surface (Revera et al,, 2008). Cone Beam Computed To-
mography (CBCT) has high accuracy and sensitivity in detecting
vertical root fractures, (Talwar et al,, 2016; Byakova., 2019). The
findings of Moudi (2014) and Neves (2014), who found that the
presence of intracanal radiopaque materials (post and gutta-per-
cha) negatively influences the diagnostic efficacy of CBCT, are not
supported by 68% of the participants in the current study. In our
study, only 36% of the participants agree that the prevalence of
“clinical VRFs” as evaluated in extracted endodontically treated
teeth was reported to range from 11 to 20 % (Pilo et al,, 2000). On
the other hand, 63.6% thought that both cracked teeth and trauma-
related fractures are types of VRF. Conversely, VRF, trauma-related
fractures, and cracked teeth are types of dental fractures (Blank-
land et al., 2015). In the present study, almost half of the respond-
ents had moderate knowledge scores in definition and general in-
formation & the signs, symptoms, and diagnostic process of VRF.

Differential diagnosis of VRF and other pathological entities can
be difficult because there are no typical features signs or symptoms
associated with VRF (Tamse et al., 1999). A diagnostic process of
VREF is based on the combination of the patient’s subjective com-
plaints and objective clinical and radiographic evaluation (Berman
et al.,, 2006). Local chronic inflammation due to infection leads to
discomfort and soreness, mild to moderate pain, pain on biting, bad
taste and swelling of soft tissues (Moule et al., 1999). Palpation will
often show swelling and tenderness over the root itself. The bottom
line was that absence of symptoms, lack of radiographic changes,
or normal probing depths alone or in combination did not rule out
the presence of a VRF (Walton, 2017).

In this current study, only 22.7% knew that VRF does not elicit
symptoms that bring the patient to the dentist While 65.8% of re-
spondents answered wrong. On other hand, the most common
signs and symptoms of VRF described in the literature are deep os-
seous defects, especially on the buccal aspect of the susceptible
teeth and highly located sinus tract (Tamse et al., 1999; Meister et
al., 1980) closer to the gingival margin. While the combination of a
sinus tract and a deep periodontal pocket in such teeth is consid-
ered pathognomonic for clinical diagnosis (Revera et al.2008;
Goldberger et al., 2021), in most cases this combination does not
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exist. (Goldberger et al,, 2021). In this current study, (54.7%) of re-
spondents knew that VRF produces narrow and deep defects on fa-
cial and /or lingual surfaces. Almost half of the respondents 47.6%
were aware that one of the signs of VRF is draining sinus tract while
(52.0%) of respondents identified that a combination of probing
defects coupled with the sinus tract in an endodontically treated
tooth (with or without a post) is often pathognomonic for VRF.

VRF' radiographic findings are interesting. In fact, most dis-
played the “halo” (“] shaped”) appearance lesions (Walton. 2017;
Pradeepkumar, 2016) which described by Tamse (2006) termed it
"apical-coronal-lateral”. This is a combined periapical and lateral
radiolucency along the side of the root or a lateral radiolucency on
one or both sides of the root. Many other images showed other con-
figurations. Importantly, in several images, there were no radio-
graphic changes (Walton.,2017) or uniform widening of the perio-
dontal ligament space (Pradeepkumar.,2016 ) or there were le-
sions that exhibited the classic “hanging-drop” shape, thereby sug-
gesting failed endodontic treatment (Walton, 2017). In the current
study, almost half of respondents (53.8%) thought that a most fre-
quent radiographic feature of VRF is the "halo" (] shaped). Less
than one third of the participants (26.7%) agreed that a Flap reflec-
tion is the only reliable method of identification of VRF. On the
other hand, many investigators (Walton, 2017; Pradeepkumar,
2016; Khandelwal, 2020) have confirmed that when clinical and ra-
diographic evaluations are ambiguous in detection of a suspected
VRF, exploratory surgery is recommended. A full thickness flap has
to be raised and granulation tissue has to be removed to directly
visualize presence of VRF line. In the current study, there was a sig-
nificant difference between Libyan dentists' level of knowledge of
the signs, symptoms, and diagnostic process of VRF and gender
with a p-value <0.05. The male participants in this study showed a
higher level of knowledge than the female participants in this part.
The relationship between the mentioned knowledge value and spe-
cialization (general, specialist, and endodontist) was statistically
significantly different at P value <0.05. (89%) of endodontists have
the highest levels of knowledge in diagnosing VRF. The reason for
that could be endodontists are more likely to be updated with the
current literature.

More than half (63.1%) of the respondents in this study had a
high level of knowledge about the factors that contribute to root
fracture susceptibility. Vertical root fractures can be caused by a
variety of factors, some natural and others iatrogenic caused by
dental procedures such as endodontic treatment and subsequent
restorative procedures (Bender, 1983). There are several natural
predisposing factures related to VRF (Khandelwal, 2020). In
non-endodontically treated teeth, fractures might be related to
special diet patterns or chewing habits (Yang et al.,, 1995), exces-
sive, repetitive, and heavy masticatory stress (Yeh., 1997) referred
to as “fatigue root fractures.” On the other hand, excessive occlusal
loads or high concentrations of such loads at a specific point can be
another predisposing factor. This can be due to malocclusion or
due to improper load sharing among the teeth, (Revera et al,
2008). Another predisposing factor is pre-existing micro cracks
that may be present in radicular dentin due to parafunctional hab-
its or repeated heavy occlusal loads (Khandelwal, 2020). In the pre-
sent study, a relatively high proportion of answers (80%) were cor-
rect regarding the excessive occlusal loads or high concentration of
such loads at a specific point and pre-existing micro cracks are the
most common causes for tooth/root fracture in vital teeth. About
(78.7%) of the participants are consistent with the literature that
teeth with oval-shaped root canals are at higher risk of VRF (Ver-
tucci, 1985). The shape of the root cross-section in an oval-shaped
canal usually the buccolingual diameter more than the mesiodistal
diameter; the strain concentration on the inner side of the remain-
ing dentin wall at the highest convexity in the buccal and lingual
sides is very high (Salma et al., 2012; Oliet., 1984; Goodacre et al.,
1995)

A previous study by Dhawan et al. (2014) found that the iatro-
genic causes of VRF are mainly related to the different stages of
root canal treatment: Excessive cutting at different stages of root
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canal treatment (Lertchirakarn et al, 1999; Yang et al.,, 2001). In-
creased stress generation of threaded and tapered posts (Standlee
et al, 1972; Akkayan et al., 2002). The increased wedging force
with Lateral compaction of gutta-percha. The development of these
stresses can initiate crack initiation and propagation, ultimately
leading to root fracture (Lertchirakarn et al., 2003). The majority
(80.9%) of respondents reported that post-selection; design and
seating are the contributing factors of VRF. On the other hand,
about half of the respondents indicated that the NiTi rotary, recip-
rocating file design, and filling technique were factors that contrib-
uted to vertical root fractures.

The spreader design or the metal used can also be a contrib-
uting factor to a VRF (Dang et al,, 1989). Brosh et al. (2018) re-
vealed that previous studies and their results suggest that NiTi fin-
ger spreaders induce less strain in dentin compared with stainless
steel finger spreaders, and thus may contribute less to VRF risk.
Conversely, less than 40% of respondents reported that the type of
spreads used is one of the factors. In the present study, only 16.9%
of respondents were aware that overusing different root canal irri-
gation solutions and medications would affect the susceptibility of
the root to fracture. According to the literature, the use of different
various medicaments and irrigation solutions alters the quality of
the root canal wall dentin, suggesting that these may affect the fu-
ture fracture resistance of the root (Qian et al,, 2011). Erosion of
the dentin wall has been demonstrated by various irrigation solu-
tions and by prolonged exposure of root canal dentin to EDTA
(Seidberg et al., 1974), calcium hydroxide and various other chem-
ical agents (Gasic et al., 2012).

Around half (46.2%) of respondents in this study had high
knowledge score about the preferred treatment for VRF in single
and multirooted teeth, whereas one-third (31.1%) had a moderate
knowledge score. Traditionally, the prognosis of VRF roots has
been considered hopeless (Tsesis et al, 2010; Taschieri et al,
2010). Treatment of vertically fractured teeth is difficult and de-
pends on the type of tooth and the extent, duration, and location of
the fracture (Moule et al., 1999). In the current study, only half of
the respondents (52.4%) reported that wait-and-see is not the pre-
ferred treatment for VRF, while the majority of respondents re-
ported that extraction is the preferred treatment for VRF in single-
rooted teeth and multi-rooted teeth. These responses are justified
by studies showing if VRF is established, it is recommended that
the affected tooth or root be extracted as soon as possible. Any de-
lay increases the likelihood of additional periradicular bone loss
and may affect the placement of intraosseous implants, (Moule et
al,, 1999; Metzger et al., 2016). A series of clinical studies have
shown that multirooted teeth can often be successfully treated by
resecting the fractured root, either by root amputation or hemisec-
tion (Tsesis et al., 2015). Bicuspidization is no option for the treat-
ment of VRF. The prognosis for posterior teeth is good provided
the fracture can be removed in its entirety (Buhler, 1988). The cur-
rent study revealed that more than one third (44.9%) and more
than half (63.1%) of respondents are aware that root amputation
and hemisection respectively are the preferred treatment for VRF
in multi-rooted teeth. In recent years, due to advances in material
science, properties have improved, allowing practitioners to think
more conservatively and innovatively, providing an alternative to
tooth extraction (Neelammital et al,, 2020). Numerous surgical and
non-surgical modalities have been suggested to reduce fractures
or preserve roots: ligation or bonding of fractured segments, at-
tempts to fix them with adhesive resins, epoxy resins, glass iono-
mers, or MTA, (Taschieri et al., 2010; Floratos et al,, 2012; Ven-
katesh et al., 2021). Recent evidence suggests that intentional re-
plantation can be considered a viable treatment option in some
cases (Becker et al.,, 2018; Cho et al., 2016; Patel et al., 2022). How-
ever, additional clinical studies are indicated to evaluate the prog-
nosis of these new treatments (Neelammital et al., 2020; Kawai et
al., 2002). This is in line with the current study which found that
more than half (56.9%) of respondents are aware that the replan-
tation procedure combined with the bonding of the fractured seg-
ments is not the preferred treatment for VRF in single-rooted. In
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addition, half (50.7%) of respondents knew that flap elevation and
cementation of the root fracture respectively are not the best treat-
ment for VRF in single-rooted teeth.

5. Conclusion

Within the limitation of this study, around half of the partici-
pants had moderate to high knowledge regarding to different as-
pects of vertical root fracture. There were no significant differences
between Libyan dentists' knowledge scores and demographic var-
iablesin all aspects, except for VRF signs, symptoms, and diagnostic
process (male participants had higher knowledge scores than fe-
male participants. Endodontists had the highest level of knowledge
in VRF diagnosis) and in the preferred treatment of VRF for single
and multiple teeth (male participants scored higher than female
participants in this aspect).
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