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      Treatment Alternatives 
for the Preservation of Vertically Root 
Fractured Teeth 

             Igor     Tsesis     ,     Ilan     Beitlitum    , and     Eyal     Rosen    

    Abstract  
  When a vertical root fracture (VRF) is diagnosed in an endodontically treated 
tooth, in most cases, extraction of the VRF tooth or root is still the treatment of 
choice. However, in certain cases, modern endodontics provides new treatment 
alternatives to treat and maintain some VRF teeth. The dilemma of whether to 
extract a VRF tooth and replace it with an implant or to adopt a more conservative 
treatment planning of an additional endodontic treatment aimed to preserve the 
natural tooth is complex and requires a multifactorial clinical decision- making 
process. This process should encapsulate endodontic, prosthetic, periodontal, and 
esthetic considerations as well as take into account patient values. Treatment 
options for VRF teeth vary from a simple root amputation in multirooted teeth to 
a complex surgical management in order to retain a fractured tooth.  

         Introduction 

 A vertical root fracture (VRF) has been defi ned by the American Association of 
Endodontists—Colleagues for Excellence as  “a complete or incomplete fracture 
initiated from the root at any level, usually directed buccolingually”  [ 1 ], mainly 
based on its descriptive anatomical characteristics. 
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 VRFs are relatively common, with a reported prevalence of 11–20 % of extracted 
endodontically treated teeth [ 2 ,  3 ]. VRF often expands laterally from the root canal 
wall to the root surface [ 4 ]. An incomplete fracture involves only one aspect of the 
root surface, while a complete fracture expands in opposite directions of the root 
canal and involves two root surface aspects [ 4 – 6 ], sometimes leading to a gradual 
separation of the tooth segments [ 4 ]. 

 Many theories have been suggested regarding the possible etiologies of 
VRFs, but it is generally accepted that there is an association between root canal 
treatments, including endodontic and post placement related procedures, and 
the occurrence of VRFs [ 3 ,  7 ] and that virtually all VRFs have a history of root 
canal treatment (RCT) [ 3 ,  7 ]. 

 Every medical procedure bears a risk of complications. Complications may be 
defi ned as “ any undesirable, unintended and direct results of the procedure affect-
ing the patient, which would not have occurred had the procedure gone as well as 
could reasonably be hoped ” [ 8 ]. 

 We therefore suggest that the defi nition of VRF should be extended to include 
the following: “ a complication of RCT, characterized by a complete or incomplete 
fracture initiated from the root at any level, usually directed buccolingually.”  

 It should be noted that this revised defi nition of VRFs as a complication does not 
imply that the occurrence of VRFs is a direct result of a procedural error. A proce-
dural error is defi ned as “ a failed process that is clearly linked to adverse outcome ” 
[ 9 ]. Although a practitioner’s procedural error may lead to complications, not every 
complication is related to a procedural error [ 8 ,  9 ]. Since VRFs may occur in teeth 
with either good- or poor-quality RCTs, VRFs should be considered as a possible 
complication, not necessarily a direct result of a procedural error. 

 This novel defi nition of a VRF, which is based not only on descriptive anatomi-
cal characteristics, but is more comprehensive as a treatment complication, better 
describes both the clinical and the medicolegal aspects of VRFs [ 2 ,  3 ]. 

 A timely mannered diagnosis and an appropriate management are prudent to 
avoid excessive alveolar bone loss, which may impair the future reconstructive pro-
cedures, should implant therapy be the treatment of choice [ 3 – 6 ]. In doubtful cases, 
a defi nitive diagnosis of VRF is best attained by invasive diagnostic procedures like 
a direct observation of the suspected site obtained by a fl ap elevation during a surgi-
cal endodontic treatment [ 3 ,  4 ,  10 – 12 ]. 

 Traditionally, the prognosis of VRF root was considered as hopeless [ 3 ,  4 ,  13 ]. 
Attempts to treat VRF, for example, by a replantation procedure combined with 
bonding of the fractured segments, have been reported [ 3 ,  4 ,  13 – 16 ]. However, such 
treatment alternatives were found to be unpredictable and are not recommended as 
treatment of choice [ 3 ,  4 ,  13 ]. And therefore, extraction [ 4 ,  6 ], and an ensuing alter-
native treatment option consist of placement of a dental implant supporting a fi xed 
restoration was usually indicated [ 4 ]. 

 In recent years, several reports suggested novel treatment alternatives aimed to 
preserve VRF teeth [ 3 ,  4 ,  13 ] which were traditionally doomed to extraction [ 3 ,  4 , 
 13 ,  17 – 19 ]. Although these novel treatment attempts are just in their primary stage 
of development and are based on case reports only [ 3 ,  4 ,  13 ], modern endodontics, 
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including magnifi cation and illumination devices that improve the diagnostic capa-
bility and increase the accuracy of the endodontic procedure [ 18 ,  20 ], and the use of 
modern materials such as mineral trioxide aggregate (MTA) [ 21 ] for the repair of 
VRF [ 3 ,  4 ,  13 ] seems to offer practical and promising treatment alternatives at least 
for some VRF teeth. 

 This chapter will review modern treatment alternatives for the preservation of 
VRF roots.  

    Case Selection 

 Modern endodontic modalities offer a wide variety of treatment alternatives that 
enable the preservation of severely compromised teeth [ 22 ]. However, VRF is still 
considered as a major problem in dentistry and a common cause of tooth loss 
[ 3 ,  23 ]. And with the wider scale of endodontic treatment options, new dilemmas 
emerged [ 22 ]. 

 A common dilemma is the decision whether to preserve the compromised ver-
tically fractured natural tooth or to extract the fractured root or tooth and replace 
it with a single dental implant [ 3 ,  22 ]. A quick decision to extract the tooth or root 
may be necessary since the infl ammation in the supporting tissues would other-
wise lead to periodontal breakdown followed by the development of a deep osse-
ous defect [ 3 ,  5 ,  22 ] and bone resorption that may lead to complicated restoration 
of the area of extraction, should an implant be considered the treatment of choice 
[ 3 ,  6 ,  22 ]. 

 Therefore, when a VRF is diagnosed, the case selection process requires a 
combination of endodontic, as well as prosthetic, periodontal, and esthetic consid-
erations [ 3 ,  22 ]. The tooth type, presence of a predisposing periodontal disease, 
the type of the coronal restoration [ 24 – 29 ], the capabilities offered by the modern 
endodontic treatment, and the alternatives in case of treatment failure, post-treat-
ment quality of life and patient’s values should all be recognized and incorporated 
in the practitioner’s decision-making. The integration of these considerations is 
crucial in order to achieve a rational treatment plan for the benefi t of the patient 
[ 3 ,  22 ,  29 ]. 

 For multirooted teeth with a diagnosis of VRF in one of the roots, there are 
potential alternatives to preserve the tooth, such as root amputation of the vertically 
fractured root [ 30 ], many times making the option to maintain the fractured root by 
additional treatments unnecessary (Fig.  7.1 ). However, for single-rooted teeth, the 
entire survival of the tooth relies on the ability to maintain the fractured root [ 4 ].  

 The periodontal status of the VRF tooth and especially the presence of a predis-
posing periodontal disease are important confounders for the ability to successfully 
treat and preserve the tooth [ 31 ]. The periodontium serves as the supporting appara-
tus for the teeth and is consisted from the alveolar mucosa, gingiva, cementum, 
periodontal ligament, and alveolar bone [ 32 ]. Periodontal diseases are infections 
and are caused by microorganisms that colonize the tooth surface at the gingival 
margin and may sometimes lead to a destruction of the periodontium [ 33 ]. 
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 A severe periodontal disease may compromise the ability to preserve the natural 
tooth, and interpretation of commonly used clinical parameters to determine the 
periodontal disease severity is therefore indicated [ 31 ]. In general, deep periodontal 
probing depth with an associated bleeding are indicators of periodontal disease 
activity as well as predictors of future attachment loss [ 31 ]. And severe periodontal 
disease with signifi cant mobility, especially vertical mobility, signifi cantly reduces 
the tooth prognosis [ 26 ]. 

a b
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  Fig. 7.1    Root amputation of a vertically fractured mesiobuccal root of an upper molar. ( a ) An 
upper molar was diagnosed with pulp necrosis and asymptomatic apical periodontitis. ( b ) A root 
canal treatment was performed. ( c ) One-year latter the patient presented with a sinus tract, and the 
tooth was diagnosed with chronic apical abscess. The patient was scheduled to endodontic surgery. 
( d ) During endodontic surgery, a vertical root fracture was diagnosed in the mesiobuccal root. The 
root was amputated just apically to the epithelial attachment. ( e ) One-year postsurgery follow-up: 
the tooth was asymptomatic and was diagnosed with normal apical issues       
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 Failure to maintain the natural tooth may lead to esthetic complications [ 34 ]. 
With modern dental practice, osseointegration of implants is readily attainable with 
high long-term survival rates [ 35 – 38 ]. However, dental implant success should be 
judged not only by osseointegration but also by esthetic results, and aesthetic pre-
dictability can often be diffi cult to attain. In addition, when esthetic implant failures 
occur, it may be impossible to be fully corrected [ 35 – 38 ]. 

 On the other hand, periodontal defects such as gingival recession may be caused 
by surgical manipulations during attempts to preserve the VRF tooth [ 32 ,  39 – 44 ]. 
And periodontal bone loss with ensuing esthetic complications is more extensive in 
patients presented with thin periodontal biotype [ 34 ]. Therefore, a comprehensive 
periodontal and esthetic evaluation should be an integral part of the treatment plan-
ning of a VRF tooth [ 31 ,  35 – 38 ]. 

 Although early diagnosis of VRF is important, the VRF may be diagnosed only 
after all endodontic and prosthetic procedures have been completed [ 8 ] due to lack 
of specifi c signs, symptoms, or radiographic features and because several etiologic 
factors may be involved [ 3 ,  11 ,  45 – 51 ]. Therefore, the timing of VRF diagnosis, 
either before or after the restorative procedures have been completed, and also the 
type of prosthetic restoration (e.g., a tooth that is a part of a bridge or a stand-alone 
restoration) may affect the decision whether to make additional efforts to preserve 
the vertically fractured tooth [ 31 ]. 

 Many prosthetic and periodontal parameters affect the long-term prognosis of 
endodontically treated teeth, such as the amount of remaining tooth structure, the 
crown–root ratio, presence of tooth mobility, ferrule effect, and many more [ 28 ]. In 
addition, an appropriate postendodontic treatment restoration is extremely impor-
tant for the long-term prognosis of the tooth [ 52 ]. 

 Therefore, the decision to perform an additional treatment to preserve a VRF 
tooth should not be based only on the technical ability to endodontically treat the 
fracture line but on a broader spectrum of prosthetic, periodontal, and esthetic con-
siderations that determine the long-term prognosis of the tooth and the risk of 
complications.  

    Treatment Options 

 In cases of strategically important teeth, an attempt can be made to preserve the 
tooth by treating the VRF. Several treatment options may be considered, including 
root amputation or root extraction, apical surgery with root shaving coronally to the 
fracture line, and sealing/cementation of the fracture following fl ap elevation 
approach or by extraction and replantation. 

 Various attempts to treat VRF teeth have been reported. While in most cases the 
treatments eventually resulted in tooth extraction, certain advances have been 
achieved in recent years, enabling the preservation of VRF teeth [ 7 ,  13 ,  14 ,  53 – 57 ]. 
The specifi c treatment alternative should be selected based on the tooth type, 
 fracture type and location, prosthetic and esthetic considerations, and periodontal 
considerations. 
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    Root Amputation and Root Extraction 

 When a VRF is diagnosed in single roots of a multirooted tooth, the most straight-
forward option is to surgically remove the fractured root only. More than 100 years 
ago, Farrar [ 58 ] described a surgical technique that included root resection with a 
fi lling of the remaining part with an ordinary fi lling material, such as amalgam. 
Farrar proposed resection at various levels, even leaving a short root stamp in the 
gingival tissue [ 58 ]. 

 In some cases, a portion of the crown can be resected together with the involved 
root. In other cases, a tooth can be extruded orthodontically for easier management 
of the remaining tooth structure [ 7 ]. 

 Root amputation may be recommended for maxillary molars with one fractured 
root (Fig.  7.1 ). Depending on the level of the fracture line and periodontal status of 
the patient, the resection can be performed at different levels of the root, and the 
most coronal part of the root can be retained following a root-end management and 
retrograde fi lling. A careful presurgical evaluation should be performed to exclude 
the possibility of fused roots rendering the amputation impossible. For fractured 
fused roots, a proper technique was described by Matusow [ 59 ] as “root stripping.” 
He presented a case of a second mandibular moral that served as a bridge abutment 
with fused medial root with VRF. The fused root was surgically “stripped,” leaving 
the distal root segment intact. This technique may be attempted for management of 
maxillary premolars with fractured buccal root where apically positioned furcation 
prevents a conventional root resection. For mandibular molars, while a root amputa-
tion is sometimes performed, hemisection and extraction of the fractured root or 
root resection is a more reliable option.  

    Techniques for the Preservation of a Fractured Root 

 The actual treatment for the VRF may be divided into two main categories: a treat-
ment modality that includes extraction and replantation of the involved root or tooth 
following extraoral repair of the fracture; and repair of the fracture using fl ap eleva-
tion procedure while the tooth remains attached in the periodontium.  

    Tooth Extraction, Cementation of the Root Fracture, 
and Replantation 

 Extraction of the fractured tooth, cementation of the root fracture, and replantation 
as an attempt to preserve VRF teeth was reported in several case reports and in a 
case series [ 14 – 16 ]. 

 Hayashi Kinomoto et al. [ 16 ] reported on treatments of 26 vertically fractured 
roots using replantation and reconstruction with dentin-bonded resin. They found 
that 18 cases were functional and retained, with 6 fully successful, after 4–76 months. 
They found that teeth with longitudinal fractures extending more than 2/3 from the 
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cervical portion toward the apex and posterior teeth showed signifi cantly lower 
 success rates [ 16 ]. 

 Arikan et al. [ 14 ] presented a successful treatment after 18 months follow-up of 
a central incisor with complete VRF that was extracted and root segment bonded 
and replanted. Kawai et al. [ 15 ] attempted a modifi cation of this approach by 
replanting two VRF teeth with resin-bonded segments at 180° rotation into the orig-
inal socket in order to bring the fracture line under healthy bony coverage and sound 
periodontal ligaments on the tooth surface face the destroyed boneless area. 
Hadrossek et al. [ 55 ] treated a central incisor by fi lling the fracture line and the 
retrograde preparation with a calcium silicate cement (Biodentine). 

 Another case of bonding the fracture line with adhesive resin cement was 
reported by Moradi Majd Akhtari et al. [ 60 ]: vertically fractured maxillary incisor 
was extracted, the fracture line was treated with adhesive resin cement, and the 
tooth was replanted. After 12 months, the tooth was asymptomatic [ 60 ]. 

 In addition to doubtful prognosis of the fracture repair, the main disadvantage of 
this treatment modality is the risk of complications related to the extraction, such as 
inability to extract the tooth in one piece, lack of periodontal healing or bone resorp-
tion following replantation, and root resorption due to the damaged PDL. Therefore, 
the contraindications for tooth extraction and replantation are teeth which probably 
cannot be extracted and repositioned due to a complicated root anatomy, teeth with 
severe periodontitis, teeth without adjacent teeth, a noncompliant patient, and 
patients with critical general medical conditions [ 55 ].  

    Flap Elevation and Cementation of the Root Fracture 

 Several attempts to treat VRF by a fl ap procedure to gain access to the fracture line 
and enable its management were described. Selden [ 61 ] reported on a conservative 
treatment of six teeth with incomplete VRF using silver glass ionomer cement with 
bone graft, but all cases presented in that study failed in the long term [ 61 ]. 

 Modern endodontics presents a possibility to treat fractured teeth by employing 
magnifi cation and illumination devices that allow better visualization of the surgical 
fi eld, thus increasing the accuracy of the treatment. 

 MTA was proposed as a sealing material to repair VRF [ 21 ], by preparing a 
groove along the entire vertical fracture, placing MTA in the groove and covering it 
with a absorbable membrane. Floratos et al. prepared the fracture line using a rotary 
or ultrasonic instrument with ensuing sealing of the defect with MTA and coverage 
with absorbable collagen membrane or calcium sulfate using microsurgical tech-
niques and the microscope-assisted regenerative procedures [ 13 ]. 

 Taschieri et al. [ 4 ] reported on 10 maxillary anterior teeth with incomplete VRF 
treated by a modern surgical endodontic technique (Fig.  7.2 ). Strict inclusion crite-
ria were applied—teeth with probing depths of more than 4 mm or cases with halo- 
like periradicular radiolucency or interproximal angular radiolucency on one side of 
the root were excluded from that study. Following fl ap elevation, a groove following 
the fracture line was prepared using ultrasonic devices and sealed with MTA, 
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and then fi lling of the bone defect with calcium sulfate. At 12 months follow-up, all 
cases were successful. After 33 months from seven patients available for follow- up, 
fi ve cases remained healed [ 4 ].  

 Dederich et al. [ 62 ] in a case report of a mandibular premolar sealed a hairline 
vertical fracture associated with a vertical bone defect using a CO 2  laser with 
 subsequent placement of collagen matrix barrier over the defect. After 12 months, 
no evidence of infl ammation was detected; however, gingival recession was 
 present [ 62 ]. 

a

b

d
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  Fig. 7.2    Flap elevation 
procedure to repair 
 incomplete vertical root 
fracture. Maxillary left lateral 
incisor. ( a ) Preoperative 
radiograph and clinical 
evidence of a sinus tract 
( arrow ); ( b ) a groove was 
made on the root surface 
using a zirconium nitride 
retrotip along the fracture 
line; ( c ) the groove was fi lled 
with MTA as sealing 
material; ( d ) clinical and 
radiographic evidence of 
complete healing at 
33 months follow-up 
(Reprinted from Taschieri 
et al. [ 4 ], Copyright (2010), 
with permission from 
Elsevier)       
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 Floratos and Kratchman [ 13 ] treated four cases in which endodontically treated 
maxillary or mandibular molars had an incomplete VRF involving one of the roots. 
Unlike in the study by Taschieri et al. [ 4 ], in this study, a similar technique was used 
successfully in anterior teeth with vertical fracture lines deriving from the apical 
part of the root. The fracture line was eliminated by resecting the root in a beveled 
manner, after which root-end preparation and root-end fi lling were performed by 
using MTA. The osteotomy was covered with an absorbable collagen membrane. 
After 8–24 months, cases demonstrated clinical success [ 13 ]. 

 The fl ap procedure may have several disadvantages: a possible scar may form in 
the esthetic area of the gingiva, an additional osteotomy may be needed which gen-
erates extra loss of healthy bone structure, and a gingival recession may be expected. 
Therefore, in some cases this procedure is not indicated because of esthetic consid-
erations [ 55 ].   

    Conclusions 

 The dilemma of whether to extract a VRF tooth and replace it with an implant or 
to adopt a more conservative treatment planning of an additional endodontic 
treatment aimed to preserve the natural tooth is complex and requires a multifac-
torial clinical decision-making process. Extraction of the VRF tooth or root is 
still the treatment of choice. However, in certain cases, modern endodontics pro-
vides new treatment alternatives to treat and maintain certain VRF teeth. 
Additional clinical studies are indicated to shed light on the prognosis of these 
new treatments.     
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