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Abstract

Traditionally, when a root-originated fracture (ROF) was diagnosed in an endodontically treated tooth, the tooth
was scheduled for extraction. However, modern endodontics offers new treatment options to manage and
maintain certain ROF teeth. The decision of whether to extract a ROF tooth and substitute it with a dental implant,
or to implement a more conservative management approach by attempting an additional endodontic treatment
aimed to preserve the natural tooth, is complicated and multifactorial. The management alternatives of ROF teeth
range from a traditional root amputation in multi-rooted teeth to modern endodontic surgical modalities that may
enable the preservation of a fractured tooth. This required decision-making process includes prosthetic, periodontal,
esthetic, endodontic, and patient value concerns.
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Introduction
Root-originated fractures (ROFs), traditionally termed
“vertical root fractures,” were defined as “a complete or
incomplete fracture initiated from the root at any level,
usually directed buccolingually” (Rivera and Walton
2008), largely based on its anatomical appearances
(Tsesis et al. 2015).
Since almost all ROFs have a history of root canal

treatments (RCTs) (Tsesis et al. 2015; Cuoghi et al. 2010;
Tsesis et al. 2010a; Garcia-Guerrero et al. 2017; Rosen et
al. 2016), it seems clear that there must be an
association between RCTs and the occurrence of ROFs
(Cuoghi et al. 2010; Tsesis et al. 2010a). Thus, based on
the nature of these fractures, a new extended definition
was recently suggested as following: “a complication of
root canal treatment, characterized by a complete or in-
complete fracture initiated from the root at any level,
usually directed buccolingually” (Tsesis et al. 2015).
It is fundamental to understand that this extended

definition of ROFs as a complication of RCTs does not
imply that ROFs necessarily occur as a direct result of a
practitioner’s procedural error (Hofer et al. 2000). While
a procedural error can lead to complications, not every

complication is associated with a procedural error, and
some complications may occur even when all proce-
dures were performed adequately (Tsesis et al. 2015;
Hofer et al. 2000; Angelos 2009). Since ROFs appear in
teeth with either poor or good quality RCTs, ROFs
must be considered as a potential complication, not ne-
cessarily a direct result of a practitioner procedural
error (Tsesis et al. 2015). Therefore, this extended def-
inition better elucidates both clinical and medico-legal
aspects of ROFs (Tsesis et al. 2015; Tsesis et al. 2010a;
Rosen et al. 2012).
ROFs are fairly common (Yoshino et al. 2015), with a

reported prevalence of 11% up to more than 30% of ex-
tracted endodontically treated teeth (Tsesis et al. 2010a;
Rosen et al. 2012). In a recent study, Yoshino et al. 2015
evaluated the prevalence of ROFs as the main reason for
the extraction of the permanent teeth. They evaluated a
total of 736 teeth from 24 different clinics that were ex-
tracted from 626 patients during a 6-month period. Of
these teeth, a total of 233 teeth were extracted as a result
of ROFs (31.7%).
Anatomically, ROFs frequently develop laterally

from the root canal wall to the outer root surface
(Taschieri et al. 2010). An incomplete fracture extends
only on one side of the root surface, while a complete
fracture develops in both directions of the root canal
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and includes two root surfaces (Taschieri et al. 2010;
Walton et al. 1984; Tamse 2006), occasionally leading
to splitting of the root to segments (Tsesis et al. 2015;
Taschieri et al. 2010).
A timely mannered diagnosis and proper management

are critical in preventing alveolar bone loss, which may
impair the future reconstructive procedures, should im-
plant therapy be the treatment of choice (Tsesis et al.
2015; Tsesis et al. 2010a; Taschieri et al. 2010; Tamse
2006; PradeepKumar et al. 2016). However, the clinical
and radiographic diagnosis of ROFs is complicated and
challenging for the practitioner (Tsesis et al. 2010a;
Corbella et al. 2014) and, in certain cases, is only pos-
sible by a direct observation of the suspected site fol-
lowing flap elevation during surgical endodontic
treatment (Tsesis et al. 2015; Walton 2017) (Fig. 1).
Traditionally, teeth with ROFs were considered to have

a hopeless prognosis (Tsesis et al. 2010a; Taschieri et al.
2010; Floratos and Kratchman 2012). Efforts to treat
ROFs in different ways, such as by a replantation pro-
cedure with bonding of the fractured segments, have
been reported (Tsesis et al. 2010a; Taschieri et al. 2010;
Floratos and Kratchman 2012; Arikan et al. 2008; Kawai
and Masaka 2002; Hayashi et al. 2004). However, most
of these treatment attempts were found to be unpredict-
able and are not recommended as routine treatment al-
ternatives (Tsesis et al. 2010a; Taschieri et al. 2010;

Floratos and Kratchman 2012). Consequently, extrac-
tion was normally indicated (Tsesis et al. 2015;
Taschieri et al. 2010; Tamse 2006).
The decision whether to attempt retaining a compro-

mised endodontically treated tooth by additional treat-
ments or to extract the fractured tooth and substitute it
with an implant-supported restoration has been debated
extensively for many years (Abboud et al. 2013; Avila et
al. 2009; Bashutski and Wang 2007; Iqbal and Kim 2007;
Iqbal and Kim 2008; Nemcovsky and Rosen 2017). How-
ever, in recent years, it has become evident that im-
plants may be more prone to complications and
require more postoperative maintenance than the
natural tooth, and it seems that the pendulum may
swing back towards endodontics and tooth preserva-
tion (Nemcovsky and Rosen 2017).
In the context of ROF teeth, in recent years, new re-

ports suggested promising treatment alternatives aimed
to preserve ROF teeth (Tsesis et al. 2010a; Taschieri et
al. 2010; Floratos and Kratchman 2012; Taschieri et al.
2016) which were traditionally condemned to extraction
(Tsesis et al. 2015; Tsesis et al. 2010a; Taschieri et al.
2010; Floratos and Kratchman 2012; Tsesis et al. 2006;
Fabbro et al. 2009; Plotino et al. 2007). These unique
treatment attempts are in their preliminary stages of
development and are based mostly on case reports
(Tsesis et al. 2010a; Taschieri et al. 2010; Floratos and
Kratchman 2012). Still, it seems that modern endodon-
tics offers technical means such as magnification and il-
lumination devices (Tsesis et al. 2015; Fabbro et al.
2009; Kim and Baek 2004), and the use of modern ma-
terials such as bioceramic cements (Torabinejad and
Chivian 1999) for the repair of ROFs (Tsesis et al. 2010a;
Taschieri et al. 2010; Floratos and Kratchman 2012), that
with proper case selection, may allow the treatment and
preservation of some ROF teeth (Tsesis et al. 2015;
Taschieri et al. 2016).
This manuscript will review the modern treatment op-

tions for the preservation of ROF roots.

Review
The importance of case selection
Modern endodontics provides a variety of treatment op-
tions that allow the preservation of compromised teeth
(Tsesis et al. 2010b). Yet, ROFs still pose a complicated
diagnostic and treatment challenge for practitioners and
are a common trigger of tooth loss (Tsesis et al. 2010a;
Kishen 2006). With the development of modern end-
odontic treatment options, new dilemmas emerged
(Tsesis et al. 2015; Tsesis et al. 2010b).
A common dilemma is the decision whether to preserve

a compromised tooth with ROF or to extract the fractured
tooth or root and substitute it with a dental implant
(Tsesis et al. 2010a; Tsesis et al. 2010b). Traditionally, it

Fig. 1 Diagnosis of ROF in an upper anterior tooth by a direct
observation of the suspected site following flap elevation during a
surgical endodontic treatment
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was believed that a fast decision to extract the tooth or
root may be essential because the ensuing inflamma-
tion in the surrounding periodontal tissues would lead
to periodontal breakdown followed by the develop-
ment of significant osseous destruction (Tsesis et al.
2010a; Walton et al. 1984; Tsesis et al. 2010b). As a re-
sult, a future restoration with dental implants in the
area may be compromised (Tsesis et al. 2015; Tsesis et
al. 2010a; Tamse 2006; Tsesis et al. 2010b). However,
each case should be judged objectively as some data
(Eichelsbacher et al. 2009) revealed that with adequate
case selection, proper management of teeth affected by
root-originated fractures has no detrimental impact on
periodontal health over a time.
Treatment choice regarding the retention of a ROF

tooth should be based on evidence-based decision-
making protocol. Research evidence regarding possible
treatment of a fractured tooth should be assessed, and
then, taking into consideration the clinical expertise, the
final treatment decision should be made in respect of
patient values. Dentists should respect the patients’
views about esthetic outcome, longevity, and cost associ-
ated with treatment options (Azarpazhooh et al. 2016).
When a ROF is diagnosed, the decision-making and

the case selection process require a combination of end-
odontic, as well as periodontal, prosthetic, and esthetic
considerations (Tsesis et al. 2010a; Tsesis et al. 2010b).
Many factors such as the tooth location, presence of pre-
disposing periodontal disease (Eichelsbacher et al. 2009),
the kind of the coronal restoration (Tsesis et al. 2015;
Iqbal and Kim 2007; Iqbal and Kim 2008; Torabinejad
and Goodacre 2006; Torabinejad et al. 2008; White et al.
2006; Grossmann and Sadan 2005), the means offered
by modern endodontic treatment, the options in case of
treatment failure, posttreatment quality of life, and pa-
tient’s values should all be evaluated and incorporated in
the practitioner’s decision-making. The incorporation of
these concerns is vital in order to achieve a rational and
evidence-based treatment plan (Tsesis et al. 2015; Tsesis
et al. 2010a; Iqbal and Kim 2008; Tsesis et al. 2010b).
In multi-rooted teeth with a ROF in one of the roots,

there may be no reason to attempt to treat and preserve
the fractured root since there may be possible options to
amputate only the fractured root (Livada et al. 2014).
However, the survival of single-rooted teeth depends pri-
marily on the ability to preserve the fractured root
(Tsesis et al. 2015; Taschieri et al. 2010).
Predisposing periodontal disease in a ROF tooth may

adversely affect the ability to predictably maintain the
tooth (Eichelsbacher et al. 2009). Thus, a thorough clinical
evaluation to determine the presence and severity of peri-
odontal disease is therefore prudent (Avila et al. 2009).
Failure to preserve the fractured natural tooth may

compromise the esthetics (Chang et al. 1999). Although

in modern dentistry, osseointegration of implants is
readily achievable with high long-term survival rates
(Abboud et al. 2013; Bashutski and Wang 2007; Butler
and Kinzer 2012; Wheeler 2007), dental implant success
should be judged also by esthetic outcomes, and esthetic
predictability may be difficult to attain. Furthermore,
when implant failure happens in the esthetic zone, it
may be difficult to be corrected entirely (Tsesis et al.
2015; Abboud et al. 2013; Bashutski and Wang 2007;
Butler and Kinzer 2012; Wheelers 2007).
Nevertheless, periodontal esthetic complications, such

as the development of gingival recession and alveolar
bone loss, may happen as a result of the surgical proce-
dures during the attempts to maintain the ROF tooth
(Verardi 2012), especially in patients presenting with a
thin periodontal biotype (Chang et al. 1999). Thus, a
thorough evaluation of the esthetic-periodontal consid-
erations should be a vital part of the treatment planning
(Tsesis et al. 2015; Abboud et al. 2013; Avila et al. 2009;
Bashutski and Wang 2007; Butler and Kinzer 2012;
Wheeler 2007; Verardi 2012).
Many prosthetic parameters may affect the long-term

prognosis of the endodontically treated teeth, such as
the crown-to-root ratio, the amount of healthy tooth
structure, and ferrule effect (Grossmann and Sadan
2005; Yan et al. 2017). Furthermore, an adequate coronal
restoration is prudent for the long-term survival of the
tooth (Tsesis et al. 2015; Lazarski et al. 2001).
In addition, due to lack of pathognomonic radio-

graphic features or clinical signs, the ROF may be diag-
nosed only after the final restoration of the tooth has
been completed. Thus, the type of prosthetic restoration
should be considered during the decision whether to at-
tempt additional treatments to maintain the fractured
tooth (Tsesis et al. 2015; Avila et al. 2009; Sim et al. 2016).
Consequently, the decision to attempt to preserve a ROF
tooth by additional endodontic treatments should rely not
only on the technical feasibility to treat the fracture but
also on a wider spectrum of periodontal, prosthetic, and
esthetic considerations that affect the risk of compli-
cations and the long-term prognosis of the tooth
(Tsesis et al. 2015; Sim et al. 2016).

Treatment alternatives
When maintaining the ROF tooth is crucial for the
benefit of the patient, several treatment alternatives can
be considered, including root amputation or hemisec-
tion, apicoectomy that includes sectioning of the frac-
tured root coronally to the fracture line, a replantation
procedure, or flap elevation and sealing of the fracture
line (Tsesis et al. 2015; Sugaya et al. 2016).
During the past few decades, various attempts to treat

ROF teeth have been investigated. Although many of
these attempts eventually end up in tooth extraction,
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several advances have been reported in the past few
years that potentially enabling predictable treatment of
certain ROF teeth (Tsesis et al. 2015; Cuoghi et al.
2010; Floratos and Kratchman 2012; Arikan et al. 2008;
Sim et al. 2016; Barkhordar 1991; Funato et al. 1999;
Hadrossek and Dammaschke 2014; Nogueira Leal da Silva
et al. 2012; Ozturk and Unal 2008; Sugaya et al. 2017).

Root amputation or hemisection
When a ROF is diagnosed in one of the roots of a pos-
terior multi-rooted tooth, the most obvious alternative
is to surgically amputate the fractured root only
(Anitha and Rao 2015). About a century ago, Farrar
1884 suggested a surgical technique that included root
resection and filling of the remaining part with a filling
material. Farrar suggested resection of the root at dif-
ferent levels, sometimes leaving a short root stamp in
the gingiva (Tsesis et al. 2015; Farrar 1884) (Fig. 2).
Anitha and Rao 2015 recently reported that a root re-

section procedure to remove the fractured root frag-
ment entirely may predictably retain a portion of the
tooth. They stated that the key to achieve predictable
results depends on a careful case selection such as as-
suring that the remaining root has a healthy supporting
periodontium, making it suitable for retention as well
as restoration and support of the final prosthesis
(Anitha and Rao 2015).
Depending on the specific clinical characteristics, this

alternative has several subtypes such as resection of a
portion of the crown along with the fractured root or, in
other cases, a tooth can be extruded orthodontically to
facilitate the management of the residual tooth portion
(Tsesis et al. 2015; Cuoghi et al. 2010).
Root amputation or hemisection may be suggested for

maxillary molars (Gupta and Kabra 2016) or mandibular
molars (Anitha and Rao 2015) when just one of their
roots is fractured. Depending on the periodontal

condition and the level of the fracture line, the resection
may be done at several levels of the root, and the cor-
onal part of the root can sometimes be retained follow-
ing a root-end treatment and filling. However, in case of
fused roots, the amputation procedure is usually not rec-
ommended (Tsesis et al. 2015). It should also be noted
that in the ROF mandibular molars, although a root am-
putation may occasionally be performed, hemisection
and extraction of the fractured root or root resection is
a more predictable alternative. In addition, long root
trunk and short divergence of the roots have a negative
influence on the surgical outcome of mandibular root
resection since it is technically more difficult to perform
and usually there is a need to combine it with a crown
lengthening procedure (Tsesis et al. 2015).

Cementation of the root fracture following extraction and
replantation
Attempts to repair the fracture following extraction of
the fractured tooth and replantation of the tooth in order
to preserve ROF teeth have been reported mainly in case
reports and small case series (Tsesis et al. 2015; Arikan et
al. 2008; Kawai and Masaka 2002; Hayashi et al. 2004;
Sugaya et al. 2016; Dua and Dua 2015; Nizam et al. 2016):
Hayashi et al. 2004 described the treatment of ROFs

using a replantation procedure that included repair with
dentin-bonded resin. They found that 18 of 26 cases
were retained and remained functional after 4 to
76 months. They also reported that the treatment of
teeth with fractures spreading more than two thirds the
length from the cervical portion towards the apex, as
well as posterior teeth, was significantly less successful
(Hayashi et al. 2004).
Nizam et al. 2016 evaluated the outcomes of 21

intentionally replanted maxillary single-rooted teeth with
ROFs after being repaired extraorally using a resin ce-
ment and splinting to the adjacent teeth. They reported

Fig. 2 Root amputation during endodontic surgery. a A patient presented with a sinus tract adjacent to an upper root canal treated molar. The
tooth was diagnosed with chronic apical abscess, and the patient was scheduled for endodontic surgery. b During the surgery, a ROF was
diagnosed in the mesio-buccal root and the root was amputated. c Two years following the surgery, the tooth was asymptomatic and was
diagnosed with normal apical tissues
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that two of the treated teeth were extracted in the first
month following the surgery. In addition, the periodon-
tal scores (plaque index, gingival index, probing depth,
and clinical attachment level) and the periapical score
index (PAI) of the treated teeth were significantly lower
12 months postoperatively when compared to base-
line. They concluded that adhesive cementation and
intentional replantation may be an effective treatment
modality for certain ROF maxillary single-rooted teeth
(Nizam et al. 2016).
Kawai and Masaka 2002 reported on an attempt to

modify this treatment approach by replanting resin-
bonded ROF teeth at 180 degrees rotation into the ori-
ginal alveolar socket in order to reposition the fracture
line below the healthy bony coverage and periodontal
ligaments. Others (Hadrossek and Dammaschke 2014)
attempted to fill the fracture line and the retrograde
preparation with a calcium-silicate-cement (Biodentine).
Although intentional replantation is generally consid-

ered a predictable treatment for certain cases (Cho et al.
2016), it should be noted that a fracture repair as part of
this procedure still has an unpredictable prognosis. The
foremost difficulty of this treatment modality is related
to the tooth extraction that may be associated with se-
vere complications, such as failure to extract the whole
tooth in one full piece and occasional root resorption
following the treatment. Therefore, the contraindications
for attempting to treat ROFs by replantation include
teeth which cannot be safely extracted and replanted due
to an unfavorable root anatomy, a severe periodontal dis-
ease, or patients with serious general medical illnesses
(Tsesis et al. 2015; Hadrossek and Dammaschke 2014).

Cementation of the root fracture following flap elevation
Attempts to achieve a direct approach to the fracture by
a flap procedure and to enable its management have
been reported. More than two decades ago, Selden
(1996) described the treatment of teeth with incomplete
ROFs using silver-glass ionomer cement and a bone graft.
However, eventually, all six cases failed (Tsesis et al. 2015;
Selden 1996).
Modern endodontics presents a new opportunity to ef-

ficiently treat some ROF teeth by using designated mag-
nification and illumination devices that allow a better
visualization and manipulation of the surgical field
(Taschieri et al. 2016) and improving the accuracy of the
surgery (Tsesis et al. 2015). Modern endodontic mate-
rials such as mineral trioxide aggregate (MTA) were pro-
posed as sealing materials to repair ROFs (Torabinejad
and Chivian 1999). The protocol includes preparation of
a groove along the fracture line and sealing of the groove
using MTA (Tsesis et al. 2015).
Taschieri et al. 2010 prospectively evaluated the anter-

ior maxillary teeth diagnosed with incomplete ROFs that

were treated by a modern surgical endodontic technique.
Teeth with deep probing depths or with distinct radio-
graphic appearances, such as a halo-like periradicular
radiolucency, were not included in the study. Following
flap elevation, a groove was ultrasonically prepared along
the fracture line and then sealed with MTA. The bone
defect was then filled with calcium sulfate. At the 12-
month follow-up, all ten cases were successful. Then
after 33 months, out of the seven cases that were avail-
able for a follow-up, five cases remained successful and
two lateral incisors failed (Taschieri et al. 2010).
Floratos and Kratchman 2012 attempted a comparable

procedure but in the four posterior teeth. Following a
flap elevation, the fracture line was treated by a beveled
resection of the root, and then a root-end preparation
and filling were performed by using MTA. Eventually,
the osteotomy was covered with an absorbable collagen
membrane, and the teeth were followed up for 8–
24 months. The teeth survived, and the treatments were
successful (Floratos and Kratchman 2012).
Recently, Taschieri et al. 2016 reported on a treatment

of a maxillary left central incisor suspected with an in-
complete ROF. Following an exploratory flap procedure,
the fracture was confirmed. Then, the fractured portion
and the root-end were removed, and a platelet-rich
plasma membrane was placed to cover the defect. After
24 months, the tooth was asymptomatic and the healing
was in progress. The authors concluded that such a sur-
gical approach may be considered for a combined
endodontic-periodontal lesion associated with an incom-
plete ROF (Taschieri et al. 2016).
Although these case reports show promising results, it

should be noted that such flap procedures may have
some risks including a gingival scar or gingival recession
formation in the esthetic zone, or additional loss of
healthy bone structure as a result of the osteotomy.
These risks may potentially damage the esthetic results
and should be carefully considered, especially when
these procedures are performed in the esthetic zone
(Tsesis et al. 2015; Hadrossek and Dammaschke 2014).

Conclusions
The decision as to whether to extract a ROF tooth and
substitute it with an implant-supported restoration or to
attempt to maintain the compromised tooth by an add-
itional endodontic treatment requires a multifactorial
clinical decision-making process (Nemcovsky and Rosen
2017). Although extraction of the ROF tooth is usually
still the treatment of choice, in specific cases, modern
endodontics enables the clinician to treat and maintain
ROF teeth. Additional large-scale clinical studies are re-
quired in order to better define the exact indications,
protocols, and expected prognosis of these novel treat-
ments (Tsesis et al. 2015).
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