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KEYWORDS Horizontal root fractures (HRF) were observed mostly in the anterior teeth of young adults due
Horizontal root to dental injury. However, HRFs in posterior teeth (PHRF) without dental trauma cannot be ne-

fracture; glected. The etiology and risk factors of PHRF were unclear. Lower premolars and palatal root
Diagnosis; of maxillary molars were particularly affected, indicating the specificity of this diseased en-
Etiology; tity. PHRF were mainly reported in Asian population, suggesting possible racial difference.
Clinical features; Whereas most PHRF teeth showed symptoms mimicking endodontic and periodontal lesions,
Posterior teeth; some affected teeth were asymptomatic. Periodontal pocket, soft tissue swelling, chronic pain
Treatment or discomfort during mastication were commonly noted. Diagnosis of PHRF depended on thor-

ough clinical examination, radiographic images or exploratory surgery. Intracanal bleeding and
electronic apex locator confirmation during endodontic treatment were also useful for diag-
nosis. Flexible splinting, endodontic/periodontal treatment or root amputation were treat-
ment strategies to preserve the fractured teeth. The aim of this narrative review is to
summarize the demography, tooth and root distribution, diagnostic methods, etiology and
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possible related factors, clinical features, radiographic characteristics, and the treatment
schemes of PHRF without dental trauma. A better understanding and identification of this
particular root fracture could be achieved. The diagnostic tools and practical management

are useful for clinical guides.

Copyright © 2022, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Tooth and root fractures could be categorized into
different diagnosis based on the origin, direction and the
extending area of the fractures. Cracked tooth is featured
by the crack, which originated from the crown portion
and may propagate into root structure.’? Vertical root
fracture is characterized by the fracture line parallel to
the long axis of root.>* Horizontal root fracture (HRF) is
defined as the fracture line which extends transversely or
obliquely across the long axis of the root.” HRF in trau-
matized teeth occurred predominantly in the anterior
teeth of young adults due to dental injuries.®’ HRF in
posterior teeth (PHRF) were not uncommon and some of
them may still be related to severe impact trauma.
However, several reports illustrated HRF in posterior
teeth without accidental events.>® '® The patients were
not aware of a clear causative incident that may lead to
the PHRF. PHRF were also reported and followed during
the maintenance phase of periodontal therapy.'” Thus,
not only endodontists, but also periodontists or general
dentists may encounter this particular type of root frac-
ture. Misdiagnosis may potentially lead to medical legal
issues or the progression and extraction of affected
teeth.

The common clinical symptoms and signs of PHRF were
soft tissue swelling, tenderness to percussion, periodontal
pocket, chronic and intermittent pain  during
mastication.®'"~">'5 Some of the root-fractured teeth
could be asymptomatic and existed even without the pa-
tients’ awareness.”'%'® PHRF were not easy to diagnose
and treat in the early stage, due to no history of traumatic
dental injuries or asymptomatic. The symptoms and signs
may mimic periodontal or endodontic diseases.'"'* Accu-
rate diagnosis of root fractures would depend on the
knowledge of dentists and thorough examinations.

Most of the publications focused on the description of
HRF in anterior teeth due to traumatic fractures. However,
PHRF without dental trauma appeared to be a new diseased
entity with clinical challenge. Only a few case reports or
case series had been published.>® %1516 The subject was
scarcely summarized and discussed. The actual causes and
prognosis of PHRF were still unclear. Thus, the aim of this
article was to review the demography, tooth and root dis-
tribution, diagnostic methods, etiology and possible related
factors, clinical features, radiographic characteristics, and
the treatment schemes of PHRF without dental trauma,
which were described in the past and latest studies. The
recognition and better understanding of this peculiar entity
are quite urgent. The value of this article was to provide an

informative narrative review and the detection of this
specific and unique type of root fracture.

An electronic search was undertaken for English language
articles published from 1994 until 2021. The search terms for
each aspect of PHRF were entered into the following data-
bases: MEDLINE, PubMed, and Google Scholar. The inclusion
criteria were systematic reviews, retrospective cohort
studies, demographic research, clinical studies, case re-
ports, and case series written in English. The exclusion
criteria were in vitro, ex vivo, and animal model studies. The
literature retrieved was screened independently by two re-
searchers. All titles, abstracts, and full texts were reviewed
for the inclusion and exclusion criteria. Disagreements
regarding the inclusion or exclusion of the retrieved studies
were resolved following discussion between the 2 re-
searchers. The data collection from patients with PHRF at
the Dental Department of the National Taiwan University
Hospital was approved by the Ethics Committee of the Na-
tional Taiwan University Hospital, Taipei, Taiwan. Some
relevant cases are shown in the figures of this article.

Demography
Gender and racial

Most of the literatures related to PHRF without dental
trauma were case reports and only provided limited
information.® %4716 A case series collected 5 male and 7
female patients with HRF in posterior teeth.'® Another
study presented 13 male and 11 female patients during a
10-year period.’ Due to the small case numbers, it seems no
gender preference was discovered so far. Racial (mainly
Chinese) is also another possible influencing factor and
should be further addressed in different countries.

Age at diagnosis

Most of the patients were older than 40 years old when they
were diagnosed with PHRF without dental trauma.>® '
The relationship between the patient’s age and the risk
of root fracture had been highlighted."" The dentition of
the elder patient may be predisposed to root fractures due
to the changes in dentin elasticity, increased restorations
and the effect of long-term occlusal forces during masti-
cation.’®"” The demographic data reported by the past
literatures were presented in Table 1, with the patients’
age ranging from 41 to 78 years old. Only 1 case of a 16
year-old patient was reported.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of the Formosan Medical Association xxx (xxxx) xxx

Table 1

Demography, tooth and root type and diagnostic methods of horizontal root fracture in the posterior teeth (PHRF)
without dental trauma reported by the past literatures.

Literature Gender Age at Racial Tooth and root type Diagnostic methods
diagnosis
Jerome, 1994° Male 38 Caucasian  Mesiobuccal root of a Periapical radiograph
maxillary left first molar and during endodontic
retreatment
Legan et al., 1995° Female 66 NA Maxillary second premolar Periapical radiograph
Borelli et al., 1999'° Female 56 NA 2 Maxillary molars Periapical radiograph
Lin et al., 2008"" Female 48 Chinese Palatal root of a maxillary Periapical radiograph,
left first molar during endodontic
treatment and
eventually confirmed
through surgical
intervention
Female 75 Chinese Palatal root of a maxillary Clinical examination
left second molar
Wang et al., 2011" 5 males and 7 41~70 Chinese 8 maxillary first molars (7 Clinical examination and
females palatal roots and 1 periapical radiograph
distobuccal root), 1
maxillary second molar, 1
mandibular first premolar
and 4 mandibular second
premolars
Wang et al., 20112 Male 59 NA Palatal root of a maxillary CBCT
left first molar
Male 50 NA Palatal root of a maxillary CBCT
right first molar
Female 62 NA Palatal root of a maxillary CBCT
right first molar
Clarkson et al., 2015'  Female 55 NA Palatal root of a maxillary Periapical radiograph
left first premolar and CBCT
Tsai et al., 2017° 13 malesand 11 45~78 Chinese 5 maxillary premolars, 15 Clinical examination,
females maxillary molars, 5 periapical radiograph,
mandibular premolars and 3  CBCT or exploratory
mandibular molars surgery
Badar et al., 2018"° Male 58 NA Palatal root of a maxillary Periapical radiograph
right first premolar
Da Silva et al., 2018'®  NA 16 NA Mesial root of a mandibular  Periapical radiograph

right second molar

NA: no data available.

Tooth and root distribution

PHRF without dental trauma primarily occurred in the
palatal roots of maxillary molars.>'"""3?° A case series
report presented 12 patients with PHRF in non-
endodontically treated teeth. The fractures were
observed in 8 maxillary first molars, 1 maxillary second
molar, 1 mandibular first premolar and 4 mandibular sec-
ond premolars. Eight fractures of the maxillary molars
occurred in the palatal roots and 1 was observed in the
distobuccal root.'* Another study collected 28 PHRF
without dental trauma and also found that most of the
affected teeth were maxillary molars. First molars and
second molars have shown similar predilection.’

Several ideas regarding the occurrence of PHRF in the
maxillary molars had been proposed. Clarkson et al. (2015)

suggested that bone structure over the buccal root of the
maxillary posterior teeth is quite thin and even fenestrated
in some area. Thus, the buccal bone may provide only a
little resistance to the buccal movement of the affected
tooth. In the meantime, the palatal root sustained most of
the forces and could result in HRF eventually,' especially
when the teeth were suffered from lateral traumatic
occlusal force. The morphology of roots or the presence of
the temporomandibular joint were described as other
possible related factors. The thickness of roots in the
mandibular molars may provide the resistance to fracture
forces and the existence of the temporomandibular joints
may contribute some degree of elasticity to the area.’
Thus, more HRF in the posterior teeth were found in the
maxilla instead of the mandible. PHRF in lower premolars
showed another special clinical feature. Perhaps due to the
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differences in cusp inclination and force distribution upon
crown and cervical area of the root. Cracked and VRFs were
commonly discovered in the upper premolars while HRFs
were identified more in the lower premolars.

The different anatomic configuration of the root structure
may act as another factor in PHRF. PHRF without dental
trauma were discovered mostly in the palatal roots of the
maxillary molar." The distobuccal and palatal roots of the
maxillary molars usually showed circular shape in the cross
section. The mesiobuccal root exhibited wider buccopalatal
dimension than the distobuccal root. This kind of deep oval or
flattened-shaped root texture may predispose to VRFs.?%?
Thus, particular root structure may play an important role in
the occurrence of HRF or VRF. The actual mechanism whether
the specific root anatomic structure was more susceptible to
HRF in posterior teeth without dental trauma need further
investigation. The information regarding the tooth and root
distribution of HRF was presented in Table 1.

Diagnostic methods
Clinical examination

Occasionally, a PHRF could be diagnosed clinically if the
root-fractured line existed above the marginal gingiva.'""3
Most of the fractured teeth did not exhibit an inflamed
gingiva.” The elicitation of pain when the file passed
through the root-fractured line, bleeding from the root
canal during endodontic treatment, and confirmation
through the application of an electronic apex locator were
helpful in the differential diagnosis of horizontal root
fracture.”” PHRF could sometimes be diagnosed and sus-
pected clinically (Fig. 1). However, VRF was usually hard to
detect by the electronic apex locator, if no displacement of
fracture roots had occurred.

Figure 1  One representative case of horizontal root fracture
in posterior teeth (PHRF). Horizontal root fracture (HRF) of the
distobuccal root in a maxillary left second molar was detected
clinically (white arrow). The root-fractured line occurred
above the marginal gingiva.

Radiographic examination

Most of the PHRF were diagnosed through radiographic
images.” '""371® The radiolucent fracture line may be
detected on the film surprisingly during routine examination,
but the patient was without any symptom and sign (Fig. 2).
Radiographic examination with multiple shifting angled x-
rays was suggested. If the x-ray beam does not pass directly
through the fracture line, it usually does not show on the
radiographic image.”* In other cases, radiographic images
may reveal bony destruction surrounding the fracture line of
roots with HRF and provide some clues. '

Conventional radiography sometimes could only provide
limited information. The adjacent anatomic structures
could superimpose and interfere the detection of the
fractured line." Maxillary sinus or zygomatic process may
disguise the fractured lines which occurred in the upper
posterior teeth. Cone beam computed tomography (CBCT)
provides helpful 3-dimensional images and is a non-invasive
tool for detecting HRF.'>'%2* Three PHRF cases which were
diagnosed via the combination of conventional radiographs
and CBCT to detect fractured lines in the maxillary first
molars were published in 2011. More detailed information
could be displayed by CBCT than the conventional radio-
graphs (Fig. 3). CBCT images are able to show the presence
or absence, as well as the location, extent, level, and di-
rection of the HRF.?* Several articles also depicted the
potential of CBCT image in diagnosing, treatment planning,
and outcome evaluation of HRF.'*?>732

In order to reduce the radiation dosage, CBCT with a
limited field of view (FOV) was recommended. A study applied
3 different CBCT units in detecting simulated HRF. The authors
concluded that limited FOV CBCT could be used in observing
HRF with the advantage of reducing radiation dosage.*:
Another study elucidated that a limited CBCT with
30 mm x 40 mm FOV and a voxel size of 0.125 mm showed
better results in detecting simulated HRF when compared
with conventional intraoral radiographs.* CBCT images usu-
ally revealed a clear radiolucent fractured line or displace-
ment of the fracture fragment in observing HRF, whereas VRF
were sometimes difficult to detect even after taking a CBCT.
Thus, if conventional radiograph is inconclusive in a suspicious
case of PHRF, CBCT should be arranged due to its usefulness
and outstanding performance in the diagnosis of HRF.

Exploratory surgery

Exploratory surgery is another option for diagnosis and
treatment in some uncertain cases.”'' Especially in teeth
associated with deep periodontal pocket, swelling, abscess,
and pus discharge. After flap elevation, horizontal frac-
tured line could be directly observed (Fig. 4). The removal
of the fractured root could be performed simultaneously
during the surgery."" The diagnostic methods recommended
by the literatures were listed in Table 1.

Etiology and possible related factors

PHRF could occur without the patients’ awareness of a
clear causative event or any prior accidental injuries. Thus,
the researchers tried to find the other possible causes of
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Figure 2
and (B) a maxillary right second molar (white arrow).

PHRF in the palatal root of maxillary molars. HRFs of the palatal roots in (A) a maxillary right first molar (white arrow)

Figure 3

Radiographic characteristics of PHRF. (A) The periapical radiograph of a mandibular right first premolar with vertical

bony destruction. (B) The periapical radiograph with gutta-percha tracing from the sinus tract of the mandibular right first pre-
molar. (C) The cone beam computed tomography image of the mandibular right first premolar presented a clear diagnosis of HRF

(white arrow).

the PHRF. The actual etiology of PHRF without dental
trauma was quite difficult to establish.'* The etiology and
possible related factors could be further divided into 2
categories: iatrogenic factor and occlusal forces-related
factor based on the past literatures.

In iatrogenic situations, PHRF may occur as a damage
during Caldwell-Luc procedures and curettage of the sinus
membrane in treating chronic sinusitis.® It is also sug-
gested that overzealous horizontal force applied during
the seating of an over-contoured complete crown resto-
ration of 1st molar may possibly induce root stress and
lead to horizontal root fracture of adjacent upper 2nd
premolar.’ However the actual reason is not clarified,
because the authors have not provided the occlusion of
left side posterior teeth in this case. PHRF of the 2nd
molar can be also generated during the extraction of an
impacted third molar.'®

For occlusal forces-related factors, occlusal or lateral
trauma had been proposed to be the causes of these frac-
tures.'® Weak tooth structure, severe attrition or incidentally
biting on hard object may predispose the teeth to root frac-
ture,'""° especially when missing teeth and occlusal dishar-
mony were presented. The damaging chewing habits
exhibited by the Chinese population, such as excessively and
repetitively chewing food that could not be sheared easily may
initiate or further lead to root fractures.®'** Those teeth
may show evident occlusal wear or facets on the remaining
occluding surfaces.”'*'* This may explain why some of the
PHRF without dental trauma occurred and were reported
more in the Chinese patients. Bruxism had also been suggested
to be a possible cause.'* Thus, taking a complete dental his-
tory was important in detecting the possible causative factors
of PHRF.% The etiology and possible related factors of the PHRF
without dental trauma were collected in Table 2.
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Figure 4 HRF in palatal root of a maxillary second molar. (A

) The periapical radiograph of a maxillary right second molar. (B) A

HRF was diagnosed in the palatal root of the maxillary right second molar during exploratory surgery (white arrow).

Table 2 Etiology and possible related factors of HRF in the posterior teeth without dental trauma reported by the past
literatures.
Literature Category Etiology and possible related factors

Jerome, 1994° latrogenic factor

Legan et al., 1995° latrogenic factor

Borelli et al., 1999'° Occlusal forces related factor

Lin et al., 2008 Occlusal forces related factor

Wang et al., 2011'? Occlusal forces related factor

Wang et al., 2011" Occlusal forces related factor
Clarkson et al., 2015'*  Occlusal forces related factor
Tsai et al., 2017° Occlusal forces related factor

Occlusal forces related factor
latrogenic factor

Badar et al., 2018"°
Da Silva et al., 2018'¢

Patient received 2 Caldwell-Luc procedures and curettage of the
sinus membrane in treating chronic sinusitis. A polyp and mucoid
mass were removed from the left maxillary sinus.

HRF was probably caused by the overzealous force applied while
seating an over-contoured prosthesis on the adjacent tooth and
due to iatrogenic nature.

Patient presented neurotic and anxious character. She also
reported a teeth-clenching habit. Occlusal or lateral trauma were
suspected to be the cause of HRFs.

Case 1: Large access cavity and relatively weak tooth structure
may predispose the tooth to HRF.

Case 2: Severe attrition may predispose the tooth to HRF.

The root-fractured teeth showed attrition. Imply that the teeth
sustained heavy, repeated and prolonged stress.

Patients habitually chewed hard foods. Excessive, repetitive, and
heavy masticatory stress may lead to root fractures.

Occlusal trauma, vertical or lateral force exerted on the tooth or
bruxism habit that caused the HRF.

Full mouth periodontal condition, occlusal wear and patients’ age
at diagnosis (older population).

Patient had incident of biting hard object.

HRF happened during the procedures of removing an impacted
third molar.

Clinical features
Pain

The common symptoms and signs of PHRF were mild
and intermittent biting pain with sensitivity to
percussion.®'"~'3"> The patients may complain of chronic
pain even for several years.® However, some of the frac-
tured teeth may probably remain symptomless.® '% 1416

Periodontal status

The onset of root fractures may be slow or abrupt, but the root
displacement may not be evident at the early stage. In some
cases, the PHRF teeth showed normal periodontal probing
depth.’ If progression and exacerbation of the root fractures
were initiated, the symptoms and signs may become more
evident and usually accompany with pulpal or periodontal
lesions. Deep periodontal pocket or even combined



Table 3  Clinical and radiographic features of HRF in the posterior teeth without dental trauma reported by the past literatures.
Literature Pain Abscess or  Percussion Periodontal Tooth Vitality test Tooth status Occlusal Radiolucent Associated
sinus tract pain pocket mobility feature and root-fractured bony
chewing habits line destruction
Jerome, 1994° Yes NA Yes NA NA Endodontically  Previously NA Yes No
treated treated
Legan et al., 1995° No NA NA No Yes Positive Without NA Yes Yes
response restorations
and dental
caries
Borelli et al., 1999'° No No No Yes Yes Positive With minimal Clenching and Yes NA
response or no grinding habit
restoration
Lin et al., 2008 " Yes NA Yes Yes Yes Endodontically  Prepared NA Yes Yes
treated abutment tooth
without
prosthesis
Yes Yes Yes Yes Yes NA Occlusal Occlusal No Yes
attrition, intact attrition
tooth, no
restoration.
Wang et al., 2011" Yes (11/12) No Yes NA NA Five responded Moderate to Six patients Yes Yes
positively to severe habitually
electric pulp attrition, intact chewed hard
tester and 4 crowns foods
were non-
responsive
Wang et al., 2011"2 Yes Yes Yes Yes Yes No response Intact tooth Patient No Yes
with minimal or  habitually
no restoration  chewed hard
foods
Yes No Yes No No Positive Intact tooth Patient No Yes
response with minimal or habitually
no restoration chewed hard
foods
Yes No NA No Yes Positive Intact tooth Patient Yes No
response with minimal or habitually
no restoration  chewed hard
foods
Clarkson et al., 2015 No NA No NA Yes Responded Intact tooth Faceting and Yes No
positively to without substantial
electric pulp restorations erosion of the
test but was occluding

(continued on next page)
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Table 3 (continued)

Literature

Associated

Radiolucent

Tooth status Occlusal

Vitality test

Tooth

Periodontal
pocket

Percussion

pain

Abscess or

Pain

root-fractured bony

line

feature and

mobility

sinus tract

destruction

chewing habits

surfaces

unresponsive to

cold
NA

All of the Yes Yes

occlusal

82% without

NA

Yes (87%)

NA NA

NA

Tsai et al., 2017°

crowns and

surfaces with
tooth wear

bridges

restorations

Yes No

Patient had
incident of

Intact tooth
with minimal or

NA Yes NA Yes Responded

Yes

Badar et al., 2018"°

positively to

biting hard

object
NA

no restoration

electric pulp

test

NA

No

Yes

Intact tooth

with no

No NA NA No

No

Da Silva et al., 2018'¢

restoration

NA: no data available.

periodontal-endodontic lesions may be generated at later
stage.'® "2 The chronic inflammation may further lead to the
periodontal breakdown and worsen the prognosis.” Occasional
bleeding from the gingival sulcus had also been observed.'°

A study illustrated that 22 out of 24 patients with PHRF
without dental trauma exhibited generalized chronic peri-
odontitis.> It was speculated that full mouth chronic peri-
odontitis with variable bony destruction may lead to
insufficient bone support and a lower fulcrum of the sur-
rounding tooth. So even under a normal occlusal force, the
tooth may endure occlusal trauma due to the increasing
torque.”® Lateral traumatic occlusal force may also lead to
PHRF especially when multiple missing teeth and occlusal
discrepancy were presented. Another case series report
proposed that there was no relationship identified between
the patients’ periodontal status and the likelihood of root
fracture.”® Thus, the actual mechanism of this feature
needed further verification.

Tooth mobility

PHRF could exist without tooth mobility. Thus, the patients
may not be aware of the situation. After a time period, the
fractured tooth may exhibit mild to moderate or even se-
vere tooth mobility when the pulpal or periodontal tissues
were progressively involved.” %1413

Pulpal status

The pulp may remain vital and respond positively to sensi-
bility test even years after PHRF had happened.®'%'%15 |t
has been reported that 20—40% of the nonendodontically
treated teeth with PHRF would undergo pulpal necrosis
eventually.’® A small proportion of the PHRF teeth were
endodontically treated or did not respond to vitality
test.®1""13 The pulpal reaction may be related to the
exacerbating status of the root-fractured teeth. Thus,
confirming the pulpal status is important before performing
any further treatment.

Tooth status and occlusal features

Most of the PHRF cases were found in relatively intact teeth
with only minimal or no restorations and did not receive any
endodontic or prosthodontic therapy.®®~'® Widespread of
tooth wear, attrition or faceting of the occlusal surfaces
were also common findings in PHRF.>'""* Occlusal wear
may imply long-term and repeated heavy occlusal forces
applied on the teeth that may serve as a factor in root
fractures.®'*3>3¢ Multiple root fractures may occur in the
same patient, suggesting that individual or genetic param-
eters may also play an important role in PHRF.>"3

Displacement of the fracture fragment

The fractured fragment may separate or displace for a
distance from the original root portion at the later stage."
If the root-fractured level existed above the marginal
gingiva, then HRF could be detected clinically.'-"* The
clinical features of PHRF without dental trauma reported
by the past literatures were presented in Table 3.
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Table 4 Treatment schemes and prognosis of HRF in th
literatures.

e posterior teeth without dental trauma reported by the past

Literature Treatment

Prognosis

Jerome, 1994° Root amputation

Borelli et al., 1999'° Patient refused any dental
treatment including
endodontic treatment or
extraction, except for routine
periodontal maintenance.
Case 1: Endodontic treatment
and root amputation

Lin et al., 2008""

Case 2: Endodontic treatment
and root amputation

Case 1: Endodontic treatment
with calcium hydroxide/
iodoform paste placing into the
root-fractured canal to induce
hard tissue formation.

Case 2: Endodontic treatment
with calcium hydroxide/
iodoform paste placing into the
root-fractured canal to induce
hard tissue formation.

Case 3: Patient did not accept
any treatment.

No treatment was performed

Wang et al., 20112

Clarkson et al., 2015
Badar et al., 2018'"° Flexible splinting for 4 weeks

Da Silva et al., 2018 No treatment was performed

The chronic pain was resolved and the tooth was uneventful at 2
years follow-up.

Maxillary right first molar showed hopeless prognosis with abscess
formation after 9 years. Although the maxillary left molar was
asymptomatic and in good function after 11 years, pulp necrosis
was suspected.

The tooth was preserved in the short term and early healing
uneventfully. The radiolucent lesion decreased in size and tooth
mobility improved at 2-month follow-up.

The tooth was preserved in the short term and early healing
uneventfully. Tooth mobility improved at 4-month follow-up.
NA

NA

Patient did not accept any treatment.

The fracture line healed with the ingrowth of connective tissue
spontaneously.

The fracture line healed with interproximal connective tissue and
no signs of pathology after 2.5 years.

The fracture line healed with a small callus after 7 months.

NA: no data available.

Radiographic characteristics
Radiolucent root-fractured line

HRFs are not always discernible in conventional/periapical
radiographs. Apply different shifting angle of the x-ray cone
may be helpful in order to move the superimposition structure
away. If the fracture fragment was separated or displaced
from the original root portion, then a definitive diagnosis of
PHRF could be observed from the radiographs. However, there
is another more important reason to do this examination. The
fracture line will be visible only when the central X-ray beam
must pass within the range of 15°—20° of the fracture plane.*’
Hence, there is a high possibility of missing the horizontal
fracture on traditional radiographs. Recently HRFs were
shown to be detected by CBCT image analysis.>®'®

Associated bony destruction

Periodontal or periapical bony destructions beside the
fractured roots had been reported to be associated with
PHRF teeth.>'"'3 After progression of root fracture, the
development of pulpal or periodontal lesions may become
evident. Surprisingly, some of the asymptomatic PHRF

teeth healed spontaneously without bony defect for-
mation.”* '® The radiographic features of PHRF teeth
without dental trauma reported by the past literatures
were presented in Table 3.

Treatment of horizontal root fracture in
posterior teeth

Spontaneous healing of the HRF teeth with or without
receiving initial treatment had been reported to occur
even in posterior teeth.'®'® The healing outcome of HRF
had been classified into 4 groups: healing with calcified
tissue, healing with interproximal connective tissue,
healing with interproximal bone and connective tissue or
interproximal inflammatory tissue without healing.® If the
root-fractured line was located below the alveolar crest,
the tooth showed a good chance of survival even if it was
untreated. Better prognosis was shown to be associated
with no or only mild displacement of the fracture
fragment.*’

If the HRF tooth showed mobility without any symptoms
of pulpalgia, then a flexible splinting was suggested before
further evaluation for endodontic intervention.”> Root
canal treatment and/or root amputation were suggested in
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PHRF of molars with pulpal or periodontal lesions.®'"'?

Placement of the calcium hydroxide/iodoform paste into
the root-fractured canal in order to induce hard tissue
formation had been proposed with limited success.'? A 4-
year survival rate of maxillary molars after root amputa-
tion was reported to be 93%, and the long-term survival rate
of teeth after root amputation ranged from 87% to
95%.“9"42 However, when the fracture line allowed
communication with the oral cavity, microbial contamina-
tion of the pulp and pulp necrosis were expected. The
fractured tooth may exhibit a poorer prognosis.*?

Treatment alternatives for teeth with HRF may depend
upon the location and extent of the fracture, the status of
pulp tissue, occlusion, the severity of dislocation of the
root fragments, and the surrounding bony support.®??
Additional factors included the remaining structure of the
fracture tooth, root morphology, and distribution of
occlusal forces for the final reconstruction.*’** The treat-
ment schemes and prognosis of the PHRF without dental
trauma reported by the past literatures were displayed in
Table 4.

Several suggestions were proposed for the prevention of
PHRF without dental trauma. Excessive forces and pres-
sures should be avoided when placing a single or multiple
unit restorations to prevent further damage to the pre-
pared teeth and the adjacent teeth.’ A night guard appli-
ance was strongly suggested for patients who showed the
habits of clenching and grinding.'® If the patient presented
evident attrited dentition, the clinicians could remind them
to be aware of certain chewing habits and the entity of
PHRF. The above described considerations may assist in
preventing and raising the awareness of PHRF without
dental trauma.

Conclusions

HRF could occur in posterior teeth and without any traumatic
events. Most of them were nonendodontically and non-
prosthodontically treated. Diagnosis of the PHRF depended
on the clinical examination, radiographic images or through
exploratory surgery. Limited FOV and high-resolution CBCT
were useful in diagnosing PHRF with the advantage of
reducing the radiation dosage. PHRF teeth may be asymp-
tomatic and healed spontaneously without patients’ aware-
ness. If the fractured teeth exhibited pulpal or periodontal
symptoms, treatment options included endodontic treat-
ment, flexible splinting and/or root amputation.

More cases should be collected to clarify the relationship
between the fracture tooth and root distribution, patients’
chewing habits, and the delivery of the occlusal forces.
Besides, most of the HRF studies were investigated in
anterior teeth. Experimental models using posterior teeth
should be conducted. The clinical significance of different
treatment strategies and the long-term prognosis of PHRF
without dental trauma should be further addressed to
provide a better comprehension of this particular disease
entity.

Declaration of competing interest

The authors declare no conflict of interest.

10

Acknowledgements

This study is supported by Chang Gung Memorial Hospital,
Taiwan (CMRPF1G0101, CMRPF1G0102, CMRPF1F0071,
CMRPF1H0061, CMRPF1H0062, CMRPF1H0063, CMRPF3E0022,
CMRPF3E0023, NMRPF3E0041, NMRPF3E0042, NMRPF3E0043,
NMRPF3H0061, NMRPF3H0062, NMRPF3H0071, NMRPF3H0072,
NMRPF3H0073, CMRPF1K0071, CMRPF1K0072, NMRPF3L0031,
NMRPF3L0041), Ministry of Science and Technology, Taiwan
(MOST104-2314-B-255- 010-MY3, MOST106-2314-B-002-033-
MY2, MOST106-2314-B-002-034-MY2, MOST107-2314-B-255-
009-MY3, MOST107-2314-B- 255- 008-MY2, MOST108-2314 -B-
002-043-MY3, MOST110-2314-B255-002-MY3. MOST110-2314
-B-255-003-MY3), and National Taiwan University Hospital,
Taiwan (NTUH-110-54815).

References

1. Liao WC, Tsai YL, Chen KL, Blicher B, Chang SH, Yeung SY, et al.
Cracked teeth: distribution and survival at 6 months, 1 year
and 2 years after treatment. J Formos Med Assoc 2022;121:
247-57.

2. Kahler W. The cracked tooth conundrum: terminology, classi-
fication, diagnosis, and management. Am J Dent 2008;21:
275-82.

3. Yeh CJ. Fatigue root fracture: a spontaneous root fracture in
non-endodontically treated teeth. Br Dent J 1997;182:261—6.

4. Liao WC, Chen CH, Pan YH, Chang MC, Jeng JH. Vertical root
fracture in non-endodontically and endodontically treated
teeth: current understanding and future challenge. J Person-
alized Med 2021;11:1375.

5. Tsai YL, Liao WC, Wang CY, Chang MC, Chang SH, Chang SF,
et al. Horizontal root fractures in posterior teeth without
dental trauma: tooth/root distribution and clinical character-
istics. Int Endod J 2017;50:830—5.

6. Mizuhashi F, Ogura |, Sugawara Y, Oohashi M, Mizuhashi R,
Saegusa H. Diagnosis of root fractures using cone-beam
computed tomography: difference of vertical and horizontal
root fracture. Oral Radiol 2021;37:305—10.

7. Caliskan M, Pehlivan Y. Prognosis of root-fractured permanent
incisors. Dent Traumatol 1996;12:129—36.

8. Jerome C. Maxillary molar root fracture caused by sinus sur-
gery: case report. Dent Traumatol 1994;10:286—8.

9. Legan JJ, Brown Jr CE, Andres CJ. Unusual fracture of a

maxillary second premolar. J Endod 1995;21:285—6.

Borelli P, Alibrandi P. Unusual horizontal and vertical root

fractures of maxillary molars: an 11-year follow-up. J Endod

1999;25:136—9.

Lin CC, Tsai Y, Li U, Chang YC, Lin CP, Jeng JH. Horizontal/o-

blique root fractures in the palatal root of maxillary molars

with associated periodontal destruction. Int Endod J 2008;41:

442—7.

Wang P, He W, Sun H, Lu Q, Ni L. Evaluation of horizontal/o-

blique root fractures in the palatal roots of maxillary first

molars using cone-beam computed tomography: a report of
three cases. Dent Traumatol 2011;27:464—7.

Wang P, Lv H, Sun H, Lin Y, He W. Horizontal root fractures in

posterior teeth: a case series. Dent Traumatol 2011;27:152—5.

Clarkson RM, John K, Moule AJ. Horizontal palatal root fracture

in a vital upper first premolar. J Endod 2015;41:759—61.

Badar BS, Ghafoor R, Hameed HM, Anwer N. Conservative

management of displaced horizontal root fracture in vital

maxillary premolar: a case report. Balk J Dent Med 2018;22:

167—70.

10.

11.

12.

13.

14.

15.


http://refhub.elsevier.com/S0929-6646(22)00141-3/sref1
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref1
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref1
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref1
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref1
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref2
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref2
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref2
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref2
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref3
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref3
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref3
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref4
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref4
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref4
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref4
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref5
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref5
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref5
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref5
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref5
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref6
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref6
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref6
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref6
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref6
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref7
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref7
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref7
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref7
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref8
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref8
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref8
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref9
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref9
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref9
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref10
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref10
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref10
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref10
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref11
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref11
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref11
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref11
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref11
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref12
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref12
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref12
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref12
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref12
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref13
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref13
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref13
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref14
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref14
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref14
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref15
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref15
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref15
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref15
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref15

Journal of the Formosan Medical Association xxx (xxxx) xxx

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Da Silva LFM, Da Silva JR, Albieri F, Santos Pereira RD. Unusual
horizontal root fracture in a mandibular second molar after
lower wisdom teeth removal. Ann Maxillofac 2018;8:344—6.
Takeuchi N, Yamamoto T, Tomofuji T, Murakami C. A retro-
spective study on the prognosis of teeth with root fracture in
patients during the maintenance phase of periodontal therapy.
Dent Traumatol 2009;25:332—7.

Hiatt WH. Incomplete crown-root fracture in pulpal-
periodontal disease. J Periodontol 1973;44:369—79.

Gher Jr ME, Dunlap RM, Anderson MH, Kuhl LV. Clinical survey
of fractured teeth. J Am Dent Assoc 1987;114:174—7.

Lu H. Tooth root fracture-report of 81 cases (author’s transl).
Zhonghua Kou Qiang Yi Xue Za Zhi 1980;15:29—31.

Chan CP, Lin CP, Tseng SC, Jeng JH. Vertical root fracture in
endodontically versus nonendodontically treated teethA sur-
vey of 315 cases in Chinese patients. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1999;87:504—7.

Lertchirakarn V, Palamara JE, Messer HH. Patterns of vertical
root fracture: factors affecting stress distribution in the root
canal. J Endod 2003;29:523—8.

Oztan MD, Sonat B. Repair of untreated horizontal root frac-
tures: two case reports. Dent Traumatol 2001;17:236—9.

May JJ, Cohenca N, Peters OA. Contemporary management of
horizontal root fractures to the permanent dentition:
diagnosis-radiologic  assessment to include cone-beam
computed tomography. Pediatr Dent 2013;35:120—4.

Tetradis S, Anstey P, Graff-Radford S. Cone beam computed
tomography in the diagnosis of dental disease. J Calif Dent
Assoc 2010;38:27—-32.

Cotton TP, Geisler TM, Holden DT, Schwartz SA, Schindler WG.
Endodontic applications of cone-beam volumetric tomography.
J Endod 2007;33:1121—-32.

Ilguy D, Ilguy M, Fisekcioglu E, Bayirli G. Detection of jaw and
root fractures using cone beam computed tomography: a case
report. Dentomaxillofacial Radiol 2009;38:169—73.

Orhan K, Aksoy U, Kalender A. Cone-beam computed tomo-
graphic evaluation of spontaneously healed root fracture. J
Endod 2010;36:1584—7.

Avsever H, Gunduz K, Orhan K, Uzun |, Ozmen B, Egrioglu E,
et al. Comparison of intraoral radiography and cone-beam
computed tomography for the detection of horizontal root
fractures: an in vitro study. Clin Oral Invest 2014;18:285—92.
Fagundes DdS, de Mendonca IL, de Albuquerque MTP, de Azevedo
Jacinto Inojosa ID. Spontaneous healing responses detected by
cone-beam computed tomography of horizontal root fractures: a
report of two cases. Dent Traumatol 2014;30:484—7.

11

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44,

Wolner-Hanssen AB, Von Arx T. Permanent teeth with hori-
zontal root fractures after dental trauma. A retrospective
study. Schweiz Monatsschr Zahnmed 2010;120:200—12.
Bornstein MM, Wodlner-Hanssen AB, Sendi P, Von Arx T. Com-
parison of intraoral radiography and limited cone beam
computed tomography for the assessment of root-fractured
permanent teeth. Dent Traumatol 2009;25:571—7.
Kamburoglu K, Onder B, Murat S, Avsever H, Yuksel S, Paksoy CS.
Radiographic detection of artificially created horizontal root
fracture using different cone beam CT units with small fields of
view. Dentomaxillofacial Radiol 2013;42:20120261.
Kamburoglu K, Ilker Cebeci A, Grondahl HG. Effectiveness
of limited cone-beam computed tomography in the detec-
tion of horizontal root fracture. Dent Traumatol 2009;25:
256—61.

Yang SF, Rivera EM, Walton RE. Vertical root fracture in non-
endodontically treated teeth. J Endod 1995;21:337—-9.

Chan CP, Tseng SC, Lin CP, Huang CC, Tsai TP, Chen CC.
Vertical root fracture in nonendontically treated teeth-a
clinical report of 64 cases in Chinese patients. J Endod
1998;24:678—81.

Costa FF, Gaia BF, Umetsubo OS, Cavalcanti MGP. Detection of
horizontal root fracture with small-volume cone-beam
computed tomography in the presence and absence of intra-
canal metallic post. J Endod 2011;37:1456—9.

Andreasen J. Intra-alveolar root fractures: radiographic and
histologic study of 50 cases. J Oral Surg 1967;25:414—26.
Cobankara FK, Ungér M. Spontaneously healed horizontal root
fracture in maxillary first premolar: report of a case. Dent
Traumatol 2007;23:120—2.

Babay N, Almas K. A four-year clinical follow-up of nonvital
root resection in maxillary molar teeth. Indian. J Dent Res
1996;7:29-32.

Hempton T, Leone C. A review of root resective therapy as a
treatment option for maxillary molars. J Am Dent Assoc 1997;
128:449-55.

Buhler H. Survival rates of hemisected teeth: an attempt to
compare them with survival rates of alloplastic implants. Int J
Periodontics Restor Dent 1994;14:536—43.

Johnson B, Jensen M. Treatment of a horizontal root frac-
ture by vital root submergence. Dent Traumatol 1997;13:
248-50.

Silverstein L, Moskowitz M, Kurtzman D, Faiella R, Shatz PC.
Prosthetic considerations with periodontal root resective
therapy, part 1: root amputations. Dent Today 1999;18:82—5.


http://refhub.elsevier.com/S0929-6646(22)00141-3/sref16
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref16
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref16
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref16
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref17
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref17
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref17
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref17
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref17
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref18
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref18
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref18
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref19
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref19
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref19
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref20
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref20
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref20
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref21
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref21
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref21
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref21
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref21
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref22
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref22
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref22
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref22
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref23
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref23
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref23
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref24
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref24
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref24
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref24
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref24
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref25
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref25
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref25
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref25
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref26
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref26
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref26
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref26
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref27
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref27
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref27
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref27
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref28
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref28
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref28
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref28
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref29
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref29
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref29
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref29
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref29
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref30
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref30
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref30
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref30
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref30
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref31
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref31
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref31
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref31
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref32
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref32
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref32
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref32
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref32
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref33
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref33
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref33
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref33
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref33
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref34
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref34
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref34
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref34
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref34
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref34
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref35
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref35
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref35
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref36
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref36
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref36
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref36
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref36
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref37
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref37
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref37
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref37
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref37
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref38
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref38
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref38
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref39
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref39
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref39
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref39
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref40
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref40
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref40
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref40
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref41
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref41
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref41
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref41
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref42
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref42
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref42
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref42
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref43
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref43
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref43
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref43
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref44
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref44
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref44
http://refhub.elsevier.com/S0929-6646(22)00141-3/sref44

	Horizontal root fracture in posterior teeth without dental trauma: A diseased condition with special characteristics
	Introduction
	Demography
	Gender and racial
	Age at diagnosis

	Tooth and root distribution
	Diagnostic methods
	Clinical examination
	Radiographic examination
	Exploratory surgery

	Etiology and possible related factors
	Clinical features
	Pain
	Periodontal status
	Tooth mobility
	Pulpal status
	Tooth status and occlusal features
	Displacement of the fracture fragment

	Radiographic characteristics
	Radiolucent root-fractured line
	Associated bony destruction

	Treatment of horizontal root fracture in posterior teeth
	Conclusions
	Declaration of competing interest
	Declaration of competing interest
	Acknowledgements
	References


