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OPUT'MHAJIBHAA CTATBHA

DIFFERENTIAL DIAGNOSIS OF VERTICAL ROOT FRACTURES WITH THE USE OF
CBCT: A RETROSPECTIVE STUDY

Novozhilova N.E.!, Byakova S.F.!, Makeeva |.M.1, Grachev V.12,

urpose. To reveal the important clinical and radiologic characteristics of bony de-
fects developing near vertical root fractures according to cone-beam computed to-
mography findings, which can be used for the diagnosis and differential diagnosis
of root fractures.

Material and methods. Eighty clinical cases suggestive for vertical root fractures
were analyzed in the study. Teeth with vertical root fractures confirmed after extraction (n =
65) were divided according to tooth group and fracture propagation pattern as well as asso-
ciated bone resorption according to cone-beam computed tomography. Clinical and radio-
graphic features of vertical root fractures were compared with the mimicking conditions to
reveal the differences.

Results. From 80 teeth 65 were fractured; the conditions mimicking vertical root
fractures included chronic periodontitis (2 cases), periapical pathology (13 cases), strip per-
forations (5 cases), and accessory canals (3 cases). The characteristic combination of clinical
and radiographic features of vertical root fractures included a deep narrow periodontal
pocket (52,3%), dehiscence-like defect of the buccal cortical plate with no or a lesser extent
of periodontal destruction reflection on the other sites of the dentition and at the proximal
surface(s) of the fractured root. Discussion: The differential diagnosis of vertical root frac-
tures is a challenging task. The detection of fracture with cone-beam computed tomography
is not always possible. However, this method may be used for the diagnosis of fractures by
ascertaining the form and location of the bony defect.

Conclusions. The analyses of characteristic features of the bony defect in conjunc-
tion with clinical findings allowed for diagnosis of vertical root fractures.
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AUPPEPEHUUAABHAA AUATHOCTUKA BEPTUKAAbHbIX TPELLUH KOPHSA 3YBA
C NOMOLBIO KAKT: PETPOCINEKTUBHOE NCCAEAOBAHUE

Hosoxxmaosa H.E.1, Beikosa C.p.1, Makeesa U.M.1, Npayes B.A.2

eab. [lo pesyabTaTaM KOHYCHO-Ay4€BOM KOMIIBIOTEPHOH ToOMOI'paduu BBIIBUTH
KAMHHKO-PEHTT€HOAOTHYECKHE XapaKTEePUCTUKHU eeKTOB KOCTHOH TKaHU, obpa-
3yIOIIUXCS B 00AaCTH BEPTUKAABHBIX TPEIIUH KOpHe# 3y00B, KOTOPbIE MOIYT ObIThH
HCIIOAB30BaHbI JAS AUATHOCTHUKHU U AU(depeHTnasbHO! JUarHOCTUKU.
Marepuasnsl u meronsl. B nccaemoBanue Bomiau 80 (100%) KAMHMYECKHX CAydaeB, B
KOTODBIX IIPEAIIOAOKUTEABHBIM AUATHO30M OblAa BepTHKAaAbHAs TPELINHA KOPHS; 65 caydaes,
JAUarHO3 BEPTUKAABHOHN TPEIIUHBI B KOTOPBIX IOATBEPAMACSH IIOCAE YAAACHUSI, KAACCHUMHUIIU-
poBaAaH B COOTBETCTBHUHM C I'pyHIlof 3yba, AoKaamsamuedl M xXapaKTEpPOM pacIpOCTPaHEHHUS
TPELINHBI, a TaKXe OCOOEHHOCTAMM KOCTHOTO AedeKTa II0 pe3yAbTaTaM KOHYCHO-Ay4eBOH
KOMITIbIOTEepHOI ToMorpaduu. [IpoBean cpaBHEHHE KAMHUKO-DEHTT€HOAOTHYECKON KapTHUHBI
BE€PTUKAABHOH TPEINUHBI KOPHS 3y0a ¢ APYTUMHU IIOXOXKHUMH COCTOSTHUSIMH.
PesyasraTel. B 65 13 80 cayuaeB AUarHo3 BEPTHKAABHOH TPEHIMHBI ObIA ITOATBEP-
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KIOEH II0CAE YOAACHUI 3y0a; APyrue COCTOSHUS BKAIOYAAW: XPOHUYECKUH MapOJOHTHUT (2 CAYy-
4yasi), altTMKaAbHble TIepUOMOHTHUT (13 caydaeB), AEHTOUHEBIE TTIepopaIliu (S caAydaeB) U JOITOA-
HUTEABHBIN KaHaaell (3 caydad). XapakTepHass KAMHHKO-PEHTTE€HOAOTHYECKas KapTUHa Bep-
TUKaABLHOH TPEIIMHBI KOPHS BKAIOYAAa MAYOOKUH y3KHUH IapomgOHTAABHBIN KapMmaH (52,3%), a
TaKKe KOCTHBIN nedeKT Hapy:KHOH KOPTUKAABHOH ITAAQCTHHKU II0 THUITY OETHCIIEHIIUU C Me-
Hee BBIPAKEHHOHN AEeCTPYKIMEH Ha OCTAaABHBIX yYacTKaxX 3yOHOTO psfa U C allpOKCHUMAaABHBIX
CTOPOH IIOBPEXIEHHOTO KOPHS.

HOuddepeHninasbHasg AUATHOCTHKA BEPTUKAABLHON TPEIIMHBI KOPHS IBASIETCH CAOXK-
HoOIl 3apaueli. Busyaamsamusa coOCTBEHHO AWHHU TPEIIUHBI C IIOMOIIBIO KOHYCHO-AYYeBOH
KOMIIBIOTEPHOM ToMoTrpadHy He BCerga BO3MOXKHA, OIHAKO JAHHBIH METO/, II03BOASET B TPeX
U3MEPEHHUIX OLIEHUTH AOKAAW3AIIHI0 U (DOPMY KOCTHOI'O fedeKTa, IIPHUAEIKAIIETO K TPEeIIHe.

Sakaouenne. AHAAN3 KAMHHYECKUX NAHHBIX B COYETAHHH C OLIEHKOH Tomorpaduu u
¢dopMBI KOCTHOTO AedeKTa C IIOMOIIBI0 KOHYCHO-AYYE€BOM KOMITBIOTEPHOM TOMOrpaduu Mmo3-
BoAsieT AU epeHIIPOBATEL BEPTHKAABHYIO TPELUIHUHY OT II0I00HBIX COCTOSTHHUH. .

KaroueBble CAOBA: KOHYCHO-Ay4Y€eBasl KOMIIbIOTEpHAs ToMorpadusi, IHATHOCTHKA, Tpe-
IITUHEI 3y0a.
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ntroduction. Vertical root fractures (VRF)

are the fractures originating from the root of

the tooth and propagating in the vertical di-

rection [1]. This type of fractures most often

occurs in endodontically treated teeth and
therefore the formation of a fracture causes the
release of bacteria which inevitably invade dentin-
al tubules of a pulpless tooth. The resulting in-
flammatory periodontal reaction causes rapid re-
sorption of the adjacent bone. The diagnosis of
VRF necessitates tooth extraction as conservative
approaches fail to stop further fracture propaga-
tion and associated inflammation and bone loss
[1].

The differential diagnosis of vertical root
fractures is a complex problem as there are no
pathognomonic clinical signs and symptoms. Ra-
diographic examination could be used for the as-
certaining of the diagnosis, however, the accuracy
of two-dimensional radiography is low, and the
detection of a fracture line with cone-beam com-
puted tomography (CBCT) is also not always pos-
sible [2-6, 7, 8]. Despite several attempts to in-
crease the accuracy of CBCT for the detection of a
fracture line by adapting various scanning regi-
mens and artifact reduction tools, the most accu-
rate method available to date to state the diagno-
sis of VRF is still surgical revision and visual in-
spection of the root [9-18]. Sadly, revision is not
helpful when the fracture is located on the tooth
surface that cannot be directly visualized during
surgery |[7]. Therefore, the advantages of CBCT
imaging, mainly the tridimensional reconstruction
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of the root and adjacent tissues, could be used in
diagnosis and treatment planning, in order to re-
veal some indirect features characteristic for VRF
formation [19]. For example, the results of the
study by Komatsu K et al. (2014) have shown that
CBCT may be used for the diagnosis of VRF by
ascertaining the form and location of the bony de-
fect [20].

In the present article, based on the analyses
of a series of clinical cases, we attempted to reveal
the important clinical and radiologic characteris-
tics of bony defects developing near VRFs (in dif-
ferent groups of teeth and with a different extent
of fracture propagation) according to CBCT find-
ings, which can be used for the diagnosis and dif-
ferential diagnosis of VRF.

Material and methods.

The study was approved by the institutional
review board and regional ethical commission. The
study was performed in the Department of Thera-
peutic Dentistry of FMSMU (Sechenov’s Universi-
ty) from November 2014 to February 2018.

The cases satisfying the following criteria
were included in the study:

e Single tooth with local swelling of the sur-
rounding gingiva and/or pain/discomfort on bit-
ing or without stimuli and/or sinus tract involve-
ment and/or presence of deep periodontal pocket.

* Definitive diagnosis uncertain from clinical
findings and 2-dimensional radiographic image.

* CBCT obtained to ascertain the diagnosis.

Exclusion criteria included the presence of a
fracture as stated clinically (primarily split teeth)
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or cracked teeth (i.e., fracture initiating from the
crown of the tooth and propagating apically; main-
ly in the mesiodistal direction) as well as uncon-
trolled diseases and pregnancy.

As a result, 80 clinical cases were analyzed
in this study, including all of the clinical findings
and the results of CBCT. In cases of confirmed
VRF (n = 65), the following clinical parameters
were recorded: age, gender, tooth and particular
root affected, area of fracture propagation, patient
complaints, clinical signs and symptoms, type of
restoration used, type of prosthesis, and charac-
teristic features of the patient’s occlusion. The
teeth were divided according to group and diagno-
ses, listed as possible by the team of observers.
The characteristic features, location, and shape of
bone resorption areas were recorded according to
CBCT data and used to reveal the characteristic
patterns of bone resorption helpful in differentiat-
ing between VRFs and other conditions.

(4.6%), the direction of the fracture was mesi-
odistal.

To reveal the characteristic features of the
differential diagnosis of VRFs with similar condi-
tions, each teeth group was analyzed separately.

The upper premolars were among the teeth
most commonly affected with VRFs (24 cases,
36.9%). All main types of fracture propagation
patterns and associated bone resorption were rep-
resented in these teeth (Table 1). The middle third
of the vestibular surface was involved in 100% of
cases. In 2 cases (3.1%), the fracture line was lim-
ited to the middle third of the roots with fenestra-
tion-type bone resorption (Fig. 1). Similar bony
defects were observed in endodontically treated
upper central incisors and rarely in premolars
with a wide accessory canal in the middle part of
the root, which leads to periodontitis. CBCT exam-
ination was useful for the visualization of the ac-
cessory canal and exclusion of VRF. In both cases,

Table Nel.
toms in upper premolars.

The of fracture propagation patterns and associated clinical signs and symp-

toms

Fracture propagation Middle third buccal Whole buccal Buccal+palatal surface
surface surface
N of cases 2 3 18
1 only palatal surface
Clinical signs Sinus tract/no symp- Periodontal Periodontal pocket

pocket >7mm <7mm

CBCT bone loss

Fenestration type

Dehiscence type | Dehiscence+infrabony

defect; +/-defect in peri-

the root

apical region
Differentiate from Accessory canal in Chronic perio- | Chronic apical periodon-
the middle third of dontitis titis

Results.

From 80 teeth 65 were fractured and 23 had
mimicking conditions (2 — chronic periodontitis,
13 - apical periodontitis, 5 — strip perforations,
and 3 — accessory canals in the middle third of the
root). The patients’ age was from 20 to 75 years
(average age = 51.27 years) and occurrence of
VRFs was higher in female patients (43 patients,
66.2%) than in male (22 patients, 38.2%). The pa-
tients reported pain (49.2%), mild discomfort
(46.2%), or the absence of any subjective discom-
fort (4.6%). Narrow periodontal pockets near the
affected teeth were present in 34 cases of VRFs
(52.3%). The probing depth near VRFs was 7-12
mm. Sinus tracts were observed in 12 cases
(18.5%). The periodontal pockets were located
buccally, except for 1 case in which there were 2
periodontal pockets (1 from each side: buccal and
palatal) of the mesial root of the first lower molar
with a complete fracture. All teeth with VRFs in
our study were endodontically treated. In 56 cases
(86.2%), fractures propagated in a buccolingual
direction; in 6 cases (9.2%), they involved buccal
and distal or mesial surfaces; and in 3 cases
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VRFs caused no symptoms and were found occa-
sionally during the diagnostic procedures for the
different pathologies or during the recalls.

In 18 of the VRFs in premolars, the fracture
line extended along the full length of the vestibu-
lar surfaces up to the level of the cementoenamel
junction (CEJ), and in 12 cases, the coronal part
of the tooth was not involved. This type of fracture
propagation was common in teeth restored with
crowns (with a band of safe tissues remaining in
the cervical region). The associated bony defect
was dehiscence-like vestibular bone loss, causing
a formation of a narrow periodontal pocket with a
depth of 10 to 12 mm with no or a lesser extent of
attachment loss on the other dentition sites. The
described bone resorption pattern allowed for dif-
ferentiation of VRF from chronic periodontitis, in
which bone resorption is greater near the proxi-
mal surfaces of the root corresponding to the sites
of greater plaque accumulation (Fig. 2).

In VRF propagation on the palatal surface,
the apical portion of the root may be either affect-
ed or intact. CBCT revealed dehiscence-like bone
resorption in the buccal cortical plate, continuing
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VRF on the buccal surface

in the middle third VS.

of the root

Accessory canal
in the middle third of the root
(central incisors, premolars)

No clinical signs and clinical Inﬂagrsnoartpl)(t)ig’n bone
symptoms signs (fenestration type)
: Visualization
Fenestration-type defect CBCT o fhie accessory caral
Fig. 1 (Puc. 1)

Fig. 1. Differential diagnosis of VRF and accessory canal in the middle third of the root.

Puc. 1. AudbdbepeHUUaAbHAsS AMArHOCTUKU BEPTUKAABHOM TPELLUMHbI KOPHS U AOMOAHUTEABHOIO Ka-

HOABbLLO B CPEAHEN TPETU KOPHS.

VRF along the whole buccal

Siitface of the root VS. Chronic periodontitis
Periodontal pocket clinical Periodontal pockets
>8 mm buccally, sians usually <8 mm

no interproximal pockets g on proximal surfaces

Bone destruction on
Dehiscence-type defect CBCT proximal sites with less
involved vestibular bone

i [
Fig. 2 (Puc. 2)

Fig. 2. Differential diagnosis of VRF and chronic periodontitis.

Puc. 2. AM(*)C'.)GPEHLIMCIAI:HGSI ANATrHOCTUKA BepTMKGI\bHOﬁ TPeLWwnHbl KOPHA U XPOHU4YECKOro napo-

AOHTHUTA.

to the palatal surface of the root as a substantial
widening of periodontal space. At the apical site,
the area of bone resorption on CBCT was similar
to the one observed in apical periodontitis. How-
ever, VRF could be differentiated from apical peri-
odontitis, in which there was no deep narrow per-
iodontal pocket or bony defect on the vestibu-
lar/palatal surface of the cortical plate (Fig. 3).

Although the fracture line in most cases (18
of 24) propagated on the palatal surface of the
root, the characteristic deep and narrow palatal
periodontal pocket was observed in only 1 case.

In all of the cases of VRFs in premolars,
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surgical revision could clearly confirm the diagno-
sis before the extraction, because the buccal sur-
faces were easily accessible for visual examination
after the flap reflection.

Clinical and radiographic findings in VRFs
in lower molars and premolars were associated
with the bone width of the alveolar bone on the
buccal site of the tooth. In teeth with thick buccal
bone, there was a dehiscence-type bone loss with
intraosseous defect apically (18 of 29 cases). Such
defects were often (5 cases) accompanied by a
“high” (located close to the gingival margin) sinus
tract. In patients with thin buccal bone near the
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VRF on the buccal surface

horizontal bone loss+ VS. Strip perforation
intraosseous defect
High sinus tract clinical : :
or periodontal pocket >8 mm signs InHETEHOR Ral

Dehiscence-type defect

CBCT

Bone resorption adjacent
to the minor root curve

Fig. 3 (Puc. 3)

LN,

Fig. 3. Differential diagnosis of VRF and strip perforation.

Puc. 3. AudbcpepeHUUaAbHAS AUArHOCTUKA BEPTUKAALHOM TPELUMHbI KOPHA U A€HTOYHOM nepdoopa-

tooth with VRF, clinical and radiographic signs
were similar to ones described for upper premo-
lars (11 of 29 cases).

In 2 cases of VRFs in the lower molars (out
of 17), the fracture line was present not only on
the vestibular but also on the approximal surfaces
of the root. This caused bone loss in the interprox-
imal area, mimicking localized periodontitis and
complicating the differential diagnosis.

Strip perforations caused by substantial
mechanical widening of the root canal (especially
in the case of retreatment) mimicked VRF (5 cas-
es). However, strip perforations were usually lo-
cated on a minor curve of the root, and the asso-
ciated bone defect in that zone was not typical for
VRF. The bony defects near VRFs were located
buccally, and fractures propagated in the bucco-
lingual direction, where the width of the dentin
was greater. On the contrary, strip perforations
corresponded to the area with the smallest width
of root dentin (Fig. 4).

VRF observed in central incisors (3 cases)
were in the middle third of the roots and propa-
gated to the CEJ not involving the palatal surface.
Clinical signs included the formation of a perio-
dontal pocket (>7 mm) and mimicked chronic per-
iodontitis complicated with trauma from occlu-
sion. However, the localization of VRFs near the
CEJ allowed for direct visualization after retrac-
tion of the gingiva.

The VRFs in the mesiobuccal roots of the
upper molars (4 cases) had similar clinical and
radiographic characteristics to VRFs in the upper
premolars. In all VRFs observed in this study, in-
volvement of the vestibular middle part of the
roots was observed. The edges of the fracture were
toughly bound to one another, except for 1 case,
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in which the fracture was extended by the gutta-
percha coming out during the root-filling proce-
dure. Nevertheless, fractures could involve both
buccal and lingual sites of the root without propa-
gation on the apex and cervical portion, leaving
safe tissues near the apex and/or at the cervical
part of the root.

Discussion.

The study dealt with the differential diagno-
sis of VRFs with similar conditions. Although the
prevalence of fractures is comparatively low, each
case is a frustrating phenomenon as it necessitat-
ed the extraction of affected tooth [1]. In the pre-
sent study, 65 of 80 teeth suspected to have VRFs
proved to be fractured. VRFs occurred mainly in
patients older than 40 years. A number of studies
have shown that age-related changes in dentin
couldn lead to a decrease in fracture resistance
[21-23]. The VRFs were more often observed in
women, which coincides with the results of previ-
ous studies [24, 25]. Premolars and lower molars
were the most commonly affected [24, 26].

The diagnosis of VRF is well known to be a
challenge [1, 26]. The conditions similar to VRFs
include endodontic and periodontal pathology or
both (endoperio lesions). The differential diagnosis
requires the knowledge of periodontology and en-
dodontics and experience in interpreting clinical
and CBCT findings. Several studies have shown
that the accuracy of CBCT for the detection of
VRFs in clinical situation is limited and these are
the secondary changes that most often lead to the
diagnosis of VRF [7, 8]. A systematic review re-
ported that the indirect radiographic findings re-
lated to the presence of root include the so-called
“halo effect,” a unilateral radiolucency that sur-
rounds the tip of the root in a J-shaped manner
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VREF along the buccal

no interproximal pockets

surface with apical VS. Apical periodontitis
involvement
Periodontal pocket linical
>8 mm buccally; csi gr?sa No periodontal pocket

Dehiscence-type defect,
periapical resorption
continuing on the palatal site

CBCT

Bone resorption in the
periapical area

AndbcbepeHUMaAbHAS AMArHOCTUKA BEPTUKAALHOW TPELLUHbI KOPHA U GNUKAABHOTO Nepuo-

Fig. 4 (Puc. 4)
Fig. 4. Differential diagnosis of VRF and apical periodontitis.
Puc. 4.
AOHTUTA.

[1, 26, 27]. One study suggests that it is possible
to diagnose VRF on the basis of the analysis of
characteristic patterns of bone resorption revealed
on CBCT In their study, Komatsu et al. (2014) de-
veloped a computerized aid for the diagnosis of
VRFs according to the programmed analysis of
CBCT data and revealed the horizontal and verti-
cal dimensions of the bony defect. This approach
proved to be accurate for differentiating between
VRF's from apical periodontitis [20].

In the observation by Walton (2017), most
cases of teeth that were suggestive of VRF but
proved to not be VRF were failed endodontic ther-
apy [28]. In the present study, VRFs were also
more difficult to diagnose in the case of large are-
as of periapical bone resorption mimicking failed
endodontic treatment. However, we found no teeth
with fracture present solely in the apical part of
the root. In the cases in which the fracture line
extended to the apex, it was also present in the
middle third of the root, and bony defect was also
present either periapically or along the fracture
line (most often in the buccal cortical plate). The
results of the present study showed that the mid-
dle third of the root was involved in 100% of cases
with VRFs, suggesting that the middle third is a
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