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ABSTRACT
The aim of the present systematic review was to evaluate the efficacy of surgical techniques for the preservation of a tooth 
with VRF. We included case series presenting techniques for the treatment of VRFs. Both electronic sources (MEDLINE, 
EMBASE, Cochrane Central) and reference lists/table of contents of pertinent journals were screened. Eight articles (six 
studies) were included. Four of the studies bonded the fractured fragments with 4-META/MMA-TBB resin, one adopted 
MTA, and in one study the authors used resin-ionomer cement. There was significant heterogeneity in the results regarding 
teeth survival rate and it was not possible to perform a quantitative synthesis. Scientific evidence concerning the treatment 
of vertically fractured roots is sparse and of low quality. Consequently, it is not possible to draw conclusions regarding 
the efficacy of the reported techniques. More studies with higher scientific standards may add validity to the techniques 
described here.
Trial Registration: CRD42024524356 in PROSPERO

1   |   Introduction

Vertical root fractures (VRFs) can be defined as axial frac-
tures involving all the structures of the tooth root, namely 
the cementum, the dentin and the root canal system [1]. The 
lesion may originate in either the apical or cervical regions of 
the root, depending on the causal factor, and may be incom-
plete (only one side of the root), or complete (both sides) [1]. 
VRFs usually occur in the bucco-lingual direction but they 
may also be oriented in the mesio-distal direction, depending 
on tooth root characteristics, and anatomy [2]. The damage 
may evolve into a split tooth, with complete separation of the 
tooth structure [3].

The presence of post restoration, the amount of residual den-
tin, and other factors related to tooth anatomy have all been 
described as possible predisposing risk factors for VRFs [1, 4]. 
However, a recent systematic review of the literature con-
cluded that there is currently insufficient evidence for the in-
fluence of local and systemic factors (gender, tooth location 
and type, tooth restoration) on the development of the con-
dition [2]. Although VRFs occur primarily in endodontically 
treated teeth, they have also been described, albeit rarely, in 
vital teeth [5, 6]. There is some evidence that maxillary pre-
molars and molars are more prone to develop VRFs than other 
teeth, probably due to the anatomical characteristics of the 
roots [7, 8].
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The diagnosis of VRF can be challenging, especially at the be-
ginning, because of the variability in presentation. Rivera and 
Walton reported that the initial signs and symptoms of VRFs 
may be none to slight [3]. However, once bacteria penetrate the 
fracture, signs of apical periodontitis (AP), tenderness to percus-
sion, swelling, bleeding and pain on biting may appear [1, 6, 9]. 
The most characteristic clinical sign of VRF is a deep, narrow 
and isolated periodontal probing depth, not due to other condi-
tions (e.g., periodontal disease), which follows the fracture itself 
[6, 9]. In some cases, it is possible to identify an associated sinus 
tract located in mid-root level [10].

One pivotal study by Tamse and coworkers published in 1999 
[11] described the radiographic characteristics of teeth with 
VRF on periapical bidimensional radiographs and concluded 
that the most common features are ‘halo’ radiolucency, and an 
apico-lateral (J-shaped) radiographic lesion, often involving the 
area of furcation. Although CBCT could be useful for diagno-
sis or preclinical planning of endodontic treatment when peri-
apical bidimensional radiographic data are inconclusive, [12], 
the observed accuracy does not support the routine use of this 
tool for the diagnosis of VRFs [12–14]. When clinical and radio-
graphic signs are not sufficient for diagnosis, the confirmation 
of the presence of a fracture may be achieved through direct 
visualisation after surgical flap elevation [15] or after extracting 
the affected root.

A VRF may rapidly evolve to produce a complete fracture, 
which splits the root into two or more fragments and causes 
severe peri-radicular infection [1]. This may then require 
extraction and, eventual replacement of the lost teeth [16]. 
Although in multi-rooted tooth partial or complete amputation 
of the affected root may enable preservation of the tooth [17], 
single-rooted teeth with VRF are often considered a ‘hopeless’ 
clinical situation. Several studies, mostly case reports that de-
scribe the treatment of such fractured roots with both intraoral 
and extraoral surgical techniques, have very variable starting 
conditions and results [4, 18, 19]. We did not find a systematic 
meta-analysis of surgical techniques and methods for the man-
agement of roots with VRF in the literature. Therefore, the 
present systematic literature review was designed to fill this 
gap by evaluating the efficacy of different surgical techniques 
and methods for the clinical management and preservation of 
roots with VRFs.

2   |   Methods

The protocol of the study was registered in PROSPERO 
(Registration number CRD42024524356) and the present man-
uscript was written following the PRISMA (preferred report-
ing items for systematic reviews and meta-analyses) statement 
[20]. The protocol followed the instructions provided by the 
Cochrane Handbook for Systematic Review of Interventions—
Second Edition [21].

The main objective of the present systematic review was to an-
swer the following focused question: what is the efficacy of dif-
ferent surgical techniques for the preservation of the fractured root 
in patients with confirmed vertical root fracture. The outcome of 
tooth survival was based on the analysis of relevant randomised 

controlled clinical trials, nonrandomised controlled trials and 
prospective and retrospective case series.

2.1   |   Eligibility Criteria

Based on the PICOS framework, the criteria for considering the 
studies were:

•	 Population (P): ≥ 18 years old, presenting one tooth with a 
diagnosis of vertical root fracture as defined by the criteria 
of Patel and coworkers [1]. This should have been diagnosed 
preliminarily by clinical and/or radiographic examination 
and could be confirmed during the intervention.

•	 Intervention (I): any surgical technique designed to preserve 
the fractured root.

•	 Control (C): other techniques or the same technique em-
ployed as intervention but with modifications in the proto-
col or in the materials adopted.

•	 Outcomes (O): the primary outcome is tooth survival. The 
secondary outcomes are the occurrence of adverse events 
or complications and, if present, patient-reported outcomes 
(PROMS).

•	 Studies (S): randomised controlled clinical trials, nonran-
domised controlled clinical trials and prospective or retro-
spective cases series.

Case reports and studies reporting less than five treated patients 
were excluded.

2.2   |   Sources and Search Strategy

The following electronic search engines were searched for 
articles pertinent to the study: MEDLINE through OVID in-
terface, EMBASE, Cochrane Central. The search strategy is 
presented in detail in Appendix  A. The grey literature was 
searched by interrogating Greylit and OpenGrey. The au-
thors also screened trials registers (Clini​calTr​ials.​gov and EU 
Clinical Trials Register).

A manual search of all potentially relevant articles was per-
formed by screening the reference lists of all included manu-
scripts and all issues (published since 2000) of the International 
Endodontic Journal, Journal of Endodontics, Australian 
Endodontic Journal, Journal of Dentistry and Journal of Dental 
Research. We excluded conference papers and abstracts, but we 
posed no language restrictions.

The last electronic search was performed on 5th January 2024.

2.3   |   Selection Process

Two authors (ST, SC) independently screened titles and ab-
stracts for the inclusion criteria. The full text of all preselected 
papers was then retrieved and again screened carefully in 
order to confirm inclusion or exclusion. In case of disagree-
ment, the dispute was resolved by consulting a third reviewer 
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(ER). The level of concordance in each step was measured by 
Cohen's kappa and recorded.

2.4   |   Data Extraction

Two authors (ST, SC) extracted the following items, when avail-
able, from the papers: authors' names, year of publication, coun-
try, study type, characteristics of the sample (age distribution, 
sex distribution, ethnicity, educational status, smoking status), 
the setting, number of patients/teeth treated, description of the 
techniques, VRF description, clinical results, patient-reported 
outcomes, adverse events.

In case of missing information, it was planned to contact the 
authors (maximum of twice) by email in order to obtain data.

2.5   |   Risk of Bias Evaluation and Quality 
of Evidence Assessment

The methodological quality of case series studies was evaluated 
by using the JBI Critical Appraisal Tool for case series [22].

2.6   |   Data Synthesis and Analysis

Due to the characteristics of the studies included in the review, a 
comparative meta-analysis was not feasible and for this reason, 

a quantitative integration of the results was not performed. 
Instead, the data from single studies were considered.

3   |   Results

The literature search retrieved a total of eight articles (six stud-
ies) that were included and considered in the present review. 
The summary of article selection process is summarised in 
Figure 1. The general characteristics of the included papers are 
summarised in Table 1. All the included studies are case series, 
and two present comparative data  [4, 23]. For the purposes of 
the present review, in the study by Sugaya [4], we considered 
only the group treated by a surgical approach (extraction, repair 
and replantation). Two studies were performed in Japan [4, 23], 
two in the United States [24, 25], one in Italy [26, 27] and one in 
Taiwan [18]. Two studies were performed in a university setting, 
and two in a private clinic setting.

The fractured fragments in four studies were bonded with 4-
META/MMA-TBB resin, compared to MTA in one study, and 
resin-ionomer cement in the last study. Four studies described a 
technique for VRF repair without extraction [24–27].

The outcomes of the quality assessment are presented in Table 2. 
The items that most negatively affected the quality appraisal 
were the lack of complete demographic information about 
the patients and the depth of the planned statistical analysis, 
which was also limited by the low number of subjects included. 

FIGURE 1    |    PRISMA diagram of article selection flow [20].
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Moreover, all studies but one [26, 27] did not report the presence/
absence of symptoms.

The characteristics of the studies did not allow a quantitative 
analysis of the results, so a qualitative description of the out-
comes of the included study is presented.

The study by Hayashi and coworkers [23, 28] compared manage-
ment of VRF by extracting or not extracting the fragments and 
managing the fracture outside, or inside the mouth, respectively. 
Eight of 26 initially treated teeth (7 of the teeth bonded after ex-
traction and then replanted, and 1 of the teeth bonded without 
extraction) failed after a mean follow-up of 34.9 months. Their 
results indicated significantly lower success for posterior teeth 
and for teeth with longitudinal fractures extending more than 
2/3 from the cervical portion.

The study by Sugaya and coworkers, which compared an ex-
traoral technique for bonding fractured teeth fragments with 
4-META/MMA-TBB resin, reported that 9 of the 12 treated 
teeth were still functional after 22 months, with a good progno-
sis, and without any evidence for a difference between the two 
techniques [4]. Furthermore, by 6 months after treatment the 
mean probing depth was reduced from 7.4 mm at pre-treatment 
to 4.6 mm, the bleeding scores lowered from 91% to 8.3% and the 
radiographic bone level increased from 18.8% to 29.2%. There 
were no ankylosed teeth nor was any root resorption detected. 
They concluded that the treatment of vertical root fracture using 
extra-oral resin bonding and replantation has good prognostic 
possibilities.

The study by Okaguchi and coworkers, who employed an ex-
traoral protocol of bonding and subsequent replantation of frac-
tured teeth, reported a successful outcome in all the teeth of six 
patients after 33–74 (mean 50 ± 15) months, with four showing 
complete healing [18]. The authors concluded that intentional 
replantation combined with root fragment resin bonding is a 
successful treatment modality that can be used to preserve a 
complete VRF tooth.

In the study published in 1996 Selden performed the conser-
vative treatment of six teeth with incomplete VRF using silver 
glass ionomer cement with bone graft, where all cases failed in 
the long term [24].

Two studies on the same cohort of patients evaluated a modern 
surgical technique for repairing incomplete VRF on maxillary an-
terior teeth by using mineral trioxide aggregate (MTA) to seal the 
fracture, followed by filling the bone defect with calcium sulfate. 
In their case, the treatment of five out of seven teeth was success-
ful after 33 months, although two had required extraction [26, 27]. 
Notably teeth with deep probing depths (> 4 mm) and teeth with 
certain radiographic appearances (such as interproximal angular 
radiolucency on one side of the root and halo-like periradicular 
radiolucency) were excluded from this study.

In another recent study, after the fractured root area was ex-
posed using a full-thickness mucogingival flap, followed by 
periodontal debridement and repair of the fracture by enlarging 
the fracture with an inverted cone bur and filling the defect with 
a resin-ionomer, the authors concluded that ‘clinicians should be ID
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cautious in deciding to attempt repair of a VRF by using resin-
ionomer cements’ [25]. If such a technique is utilised, they ad-
vised frequent recall to detect potential patterns of continued 
bone loss, progression of chronic infection at the fracture site 
and possible case failure.

4   |   Discussion

The results of the present systematic review of the literature do 
not allow us to draw any evidence-based conclusion about the 
efficacy of surgical technique for maintaining roots with longi-
tudinal fractures.

The main limitation of the studies included is that they are all 
observational case series, with limited sample size. Moreover, 
there was a significant heterogeneity, with respect to the tech-
niques employed. However, the systematic review of the topic in 
the existing literature does enable a qualitative appraisal of the 
current knowledge.

Currently, VRFs are usually considered an absolute indication 
for tooth extraction and, eventually, replacement with a prosthe-
sis [3, 16, 29]. In some cases, the presence of incomplete, apically 
located, VRFs may be treated through root amputation, by re-
moving portions of the affected root; this approach may find an 
application in multi-rooted teeth, in which the resection of one 
root may allow the retention of the tooth [17]. Another factor 
that may worsen the prognosis of teeth with VRFs can be the 
presence of symptoms, which may occur in later phases, and can 
be related to the presence of abscess and mobility [1].

Repair of such lesions may only be feasible for incomplete 
VRFs, which should be treated promptly to prevent progres-
sion. Most literature reports about treatment of VRFs are single 
case reports, as also noted previously by Patel [1]. These were 
not considered in the present systematic review because of the 
limitations in generalisability of the results [30]. Similarly, while 
descriptive case series studies may have the advantage of pre-
senting more data about innovative treatment approaches than 
single case reports and may trigger further investigations, the 
results cannot be used to draw any conclusion about causation, 
and inferences may not be justified [31].

The treatment modalities reported in the included articles may 
be divided into two main categories: extraction and replantation 
of the involved root or tooth following extraoral repair of the 
fracture using adhesive 4-META/MMA-TBB resin; and repair 
of the fracture (with bioceramic material) using a flap elevation 
procedure while the tooth remains attached to the periodontium.

It should be noted that intentional tooth replantation may be con-
sidered as a treatment option in some clinical conditions when 
cases cannot be managed nonsurgically or surgically, due to a 
number of situations such as the risk of neurovascular damages, 
lack of accessibility, or other options [32, 33]. Although the avail-
able evidence on this clinical procedure is based on observational 
studies, the reported overall retention rate ranged from 73% after 
11 years to 93% after 12 years, with a relatively low rate of com-
plications [32]. Considering periodontally compromised teeth, a 
recent paper reported that teeth with a periodontal—endodontic T
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lesion (like teeth presenting a VRF) maintained survival rates of 
93%, 65%, and 36.9% at 1, 5 and 10 years, respectively, which are 
lower than for periodontally healthy teeth [34].

In the included studies, the protocols adopted were similar but 
not totally identically. In particular, the methods used for ex-
traction and to treat the fracture differed significantly and this 
can be one of the causes of heterogeneity and substantially re-
duced the external validity of the results. However, we should 
report that the number of adverse reactions and complications 
that were reported was close to nil.

The second technique that was studied was the direct repair of the 
fracture, after gaining access to the lesion through a surgical ap-
proach. The use of MTA for repairing perforations and external 
resorption, obtaining access to the lesion through flap elevation, is 
documented in scientific literature that reported good results and 
biocompatibility of the material used [35]. In the included studies, 
one used MTA for repairing VRFs reporting acceptable clinical 
outcomes [27, 36], and one repaired the fracture by using glass-
ionomer cement [24, 25]. The use of glass ionomer cements was 
also described in surgical endodontics [37, 38]. While some authors 
have advocated good clinical performances of such material when 
used for repairing perforations or root resorptions [37], the results 
of the studies included in the present review do not support the use 
of such types of cement for repairing VRFs [24, 25].

Through the analysis of the included studies, most of them did not 
report the causes of failure but we can hypothesise that in most 
cases complete fracture with split tooth occurred in failed cases. 
For such reason, in order to perform any technique that does not 
imply the extraction and replantation of the tooth, the presence 
of an incomplete VRF must be diagnosed correctly. As known, 
CBCT may not be useful for detecting the presence of a VRF, being 
more accurate than periapical radiographs but unable to visualise 
directly the fracture in all cases [13, 39, 40]. Presurgical clinical 
examination through periodontal probing should be considered as 
the standard diagnostic tool for detecting the presence of one deep 
and narrow periodontal defect potentially associated to the devel-
opment of VRF. When such evidence could be found only on one 
side of the tooth and not on the opposite one, we can hypothesise 
that the fracture is indeed incomplete [41].

5   |   Conclusions

In conclusion, the current evidence about surgical treatment of 
VRFs is not sufficient to support the use of the described tech-
niques as standard approaches in cases presenting with a con-
firmed fracture of the root. Further validation of the proposed 
techniques from randomised comparative clinical trials will be 
needed, even if the follow-up is short, but the description of the 
case characteristics is accurate, since the variability noted in the 
studies reviewed here may be the cause of the heterogeneity in 
the treatment results.

Author Contributions

Stefano Corbella prepared the study protocol, performed the search, 
screened the articles and drafted the paper; Silvio Taschieri approved 

the protocol, screened the articles and contributed to drafting the 
paper; Igor Tsesis approved the final manuscript and contributed to 
data interpretation; Tomer Goldberger approved the protocol and ap-
proved the final manuscript; Luca Francetti contributed to preparing 
the protocol and approved the final manuscript; Eyal Rosen prepared 
the protocol, contributed to data interpretation and contributed to 
drafting the paper.

Acknowledgements

The authors have nothing to report. Open access publishing facilitated 
by Universita degli Studi di Milano, as part of the Wiley - CRUI-CARE 
agreement.

Conflicts of Interest

The authors declare no conflicts of interest.

References

1. S. Patel, B. Bhuva, and R. Bose, “Present Status and Future Direc-
tions: Vertical Root Fractures in Root Filled Teeth,” International End-
odontic Journal 55, no. Suppl 3 (2022): 804–826.

2. F. Haupt, A. Wiegand, and P. Kanzow, “Risk Factors for and Clinical 
Presentations Indicative of Vertical Root Fracture in Endodontically 
Treated Teeth: A Systematic Review and Meta-Analysis,” Journal of 
Endodontics 49, no. 8 (2023): 940–952.

3. E. M. Rivera and R. E. Walton, “Longitudinal Tooth Fractures: Find-
ings That Contribute to Complex Endodontic Diagnoses,” Endodontic 
Topics 16 (2009): 82–111.

4. T. Sugaya, M. Kawanami, H. Noguchi, H. Kato, and N. Masaka, “Peri-
odontal Healing After Bonding Treatment of Vertical Root Fracture,” 
Dental Traumatology 17, no. 4 (2001): 174–179.

5. W. C. Liao, Y. L. Tsai, C. Y. Wang, et al., “Clinical and Radiographic 
Characteristics of Vertical Root Fractures in Endodontically and Non-
endodontically Treated Teeth,” Journal of Endodontics 43, no. 5 (2017): 
687–693.

6. A. Tamse, Z. Fuss, J. Lustig, and J. Kaplavi, “An Evaluation of End-
odontically Treated Vertically Fractured Teeth,” Journal of Endodontics 
25, no. 7 (1999): 506–508.

7. S. Cohen, L. H. Berman, L. Blanco, L. Bakland, and J. S. Kim, “A De-
mographic Analysis of Vertical Root Fractures,” Journal of Endodontics 
32, no. 12 (2006): 1160–1163.

8. L. Karygianni, M. Krengel, M. Winter, S. Stampf, and K. T. Wrbas, 
“Comparative Assessment of the Incidence of Vertical Root Fractures 
Between Conventional Versus Surgical Endodontic Retreatment,” Clin-
ical Oral Investigations 18, no. 8 (2014): 2015–2021.

9. T. von Arx and D. Bosshardt, “Vertical Root Fractures of Endodon-
tically Treated Posterior Teeth: A Histologic Analysis With Clinical 
and Radiographic Correlates,” Swiss Dental Journal 127, no. 1 (2017): 
14–23.

10. Y. Kasahara, Y. Iino, A. Ebihara, and T. Okiji, “Differences in the 
Corono-Apical Location of Sinus Tracts and Buccal Cortical Bone De-
fects Between Vertically Root-Fractured and Non-Root-Fractured Teeth 
Based on Periradicular Microsurgery,” Journal of Oral Science 62, no. 3 
(2020): 327–330.

11. A. Tamse, Z. Fuss, J. Lustig, Y. Ganor, and I. Kaffe, “Radiographic 
Features of Vertically Fractured, Endodontically Treated Maxillary Pre-
molars,” Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, 
and Endodontics 88, no. 3 (1999): 348–352.

12. Special Committee to Revise the Joint AAEAPSouoCiE, “AAE 
and AAOMR Joint Position Statement: Use of Cone Beam Computed 

 17474477, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aej.12923 by C

ochraneItalia, W
iley O

nline L
ibrary on [15/06/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



228 Australian Endodontic Journal, 2025

Tomography in Endodontics 2015 Update,” Oral Surgery, Oral Medicine, 
Oral Pathology, Oral Radiology 120, no. 4 (2015): 508–512.

13. S. Corbella, M. Del Fabbro, A. Tamse, E. Rosen, I. Tsesis, and S. 
Taschieri, “Cone Beam Computed Tomography for the Diagnosis of Ver-
tical Root Fractures: A Systematic Review of the Literature and Meta-
Analysis,” Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology 
118, no. 5 (2014): 593–602.

14. A. R. PradeepKumar, H. Shemesh, M. S. Nivedhitha, et al., “Diag-
nosis of Vertical Root Fractures by Cone-Beam Computed Tomography 
in Root-Filled Teeth With Confirmation by Direct Visualization: A Sys-
tematic Review and Meta-Analysis,” Journal of Endodontics 47, no. 8 
(2021): 1198–1214.

15. D. L. Pitts and E. Natkin, “Diagnosis and Treatment of Vertical Root 
Fractures,” Journal of Endodontics 9, no. 8 (1983): 338–346.

16. S. Corbella, S. Taschieri, L. Samaranayake, I. Tsesis, C. Nemcovsky, 
and M. Del Fabbro, “Implant Treatment Choice After Extraction of a 
Vertically Fractured Tooth. A Proposal for a Clinical Classification of 
Bony Defects Based on a Systematic Review of Literature,” Clinical Oral 
Implants Research 25, no. 8 (2014): 946–956.

17. S. G. Floratos and S. I. Kratchman, “Surgical Management of Verti-
cal Root Fractures for Posterior Teeth: Report of Four Cases,” Journal of 
Endodontics 38, no. 4 (2012): 550–555.

18. M. Okaguchi, T. Kuo, and Y. C. Ho, “Successful Treatment of Verti-
cal Root Fracture Through Intentional Replantation and Root Fragment 
Bonding With 4-META/MMA-TBB Resin,” Journal of the Formosan 
Medical Association 118, no. 3 (2019): 671–678.

19. B. Salihu and M. Stavileci, “Review of Approaches to the Manage-
ment of Vertical Dental Root Fractures and Tooth Preservation,” Medi-
cal Science Monitor: International Medical Journal of Experimental and 
Clinical Research 30 (2024): e943100.

20. M. J. Page, J. E. McKenzie, P. M. Bossuyt, et al., “The PRISMA 2020 
Statement: An Updated Guideline for Reporting Systematic Reviews,” 
Revista Española de Cardiología (English Edition) 74, no. 9 (2021): 
790–799.

21. J. P. T. Higgins and Cochrane Collaboration, Cochrane Handbook 
for Systematic Reviews of Interventions, 2nd ed. (Hoboken, NJ: Wiley-
Blackwell, 2020).

22. Z. Munn, T. H. Barker, S. Moola, et al., “Methodological Quality of 
Case Series Studies: An Introduction to the JBI Critical Appraisal Tool,” 
JBI Evidence Synthesis 18, no. 10 (2020): 2127–2133.

23. M. Hayashi, Y. Kinomoto, M. Miura, I. Sato, F. Takeshige, and S. 
Ebisu, “Short-Term Evaluation of Intentional Replantation of Vertically 
Fractured Roots Reconstructed With Dentin-Bonded Resin,” Journal of 
Endodontics 28, no. 2 (2002): 120–124.

24. H. S. Selden, “Repair of Incomplete Vertical Root Fractures in End-
odontically Treated Teeth–In Vivo Trials,” Journal of Endodontics 22, 
no. 8 (1996): 426–429.

25. C. R. Anderegg, E. L. Truelove, and J. Tran, “Original Research: 
Vertical Root Fracture Repair With a Resin-Ionomer,” Decisions in Den-
tistry 4, no. 1 (2018): 8–10.

26. S. Taschieri, G. Rosano, T. Weinstein, and M. Del Fabbro, “Replace-
ment of Vertically Root-Fractured Endodontically Treated Teeth With 
Immediate Implants in Conjunction With a Synthetic Bone Cement,” 
Implant Dentistry 19, no. 6 (2010): 477–486.

27. S. Taschieri, Z. Laster, G. Rosano, T. Weinstein, and M. Del Fabbro, 
“Surgical Decision Making in Coronally Located Vertical Root Frac-
ture,” Minerva Stomatologica 58, no. 9 (2009): 399–413.

28. M. Hayashi, Y. Kinomoto, F. Takeshige, and S. Ebisu, “Prognosis of 
Intentional Replantation of Vertically Fractured Roots Reconstructed 
With Dentin-Bonded Resin,” Journal of Endodontics 30, no. 3 (2004): 
145–148.

29. Z. Fuss, J. Lustig, A. Katz, and A. Tamse, “An Evaluation of End-
odontically Treated Vertical Root Fractured Teeth: Impact of Operative 
Procedures,” Journal of Endodontics 27, no. 1 (2001): 46–48.

30. T. Nissen and R. Wynn, “The Clinical Case Report: A Review of Its 
Merits and Limitations,” BMC Research Notes 7 (2014): 264.

31. D. A. Grimes and K. F. Schulz, “Descriptive Studies: What They Can 
and Cannot Do,” Lancet 359, no. 9301 (2002): 145–149.

32. G. Plotino, F. Abella Sans, J. V. Bastos, and V. Nagendrababu, “Ef-
fectiveness of Intentional Replantation in Managing Teeth With Apical 
Periodontitis: A Systematic Review,” International Endodontic Journal 
56, no. Suppl 3 (2023): 499–509.

33. G. Plotino, F. Abella Sans, M. S. Duggal, et al., “European Society 
of Endodontology Position Statement: Surgical Extrusion, Intentional 
Replantation and Tooth Autotransplantation: European Society of 
Endodontology Developed by,” International Endodontic Journal 54, 
no. 5 (2021): 655–659.

34. Y. Luo, J. Li, L. Liu, L. Ye, D. Song, and D. Huang, “Comparison of 
the Outcome of Intentional Replantation in Teeth With or Without Peri-
odontal Involvement: A Retrospective Study,” Journal of Endodontia 50 
(2024): 944–953.

35. M. Torabinejad, M. Parirokh, and P. M. H. Dummer, “Mineral Tri-
oxide Aggregate and Other Bioactive Endodontic Cements: An Updated 
Overview - Part II: Other Clinical Applications and Complications,” In-
ternational Endodontic Journal 51, no. 3 (2018): 284–317.

36. S. Taschieri, A. Tamse, M. Del Fabbro, G. Rosano, and I. Tsesis, “A 
New Surgical Technique for Preservation of Endodontically Treated 
Teeth With Coronally Located Vertical Root Fractures: A Prospective 
Case Series,” Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiol-
ogy, and Endodontics 110, no. 6 (2010): e45–e52.

37. M. A. De Bruyne and R. J. De Moor, “The Use of Glass Ionomer Ce-
ments in Both Conventional and Surgical Endodontics,” International 
Endodontic Journal 37, no. 2 (2004): 91–104.

38. Z. Mohammadi and S. Shalavi, “Clinical Applications of Glass Ion-
omers in Endodontics: A Review,” International Dental Journal 62, no. 
5 (2012): 244–250.

39. A. Arkhipova, N. Bovanova, D. Lastovichek, A. Ramonova, E. 
Generalov, and S. Byakova, “Radiographic Criteria for Differential 
Diagnosis Between Vertical Root Fracture and Apical Periodontitis in 
Single-Rooted Endodontically Treated Premolars Using Cone-Beam 
Computed Tomography,” Journal of Endodontia 50, no. 3 (2024): 
329–335.

40. K. L. de Lima, L. R. Silva, T. B. de Paiva Prado, M. A. G. Silva, B. S. 
de Freitas Silva, and F. P. Yamamoto-Silva, “Influence of the Technical 
Parameters of CBCT Image Acquisition on Vertical Root Fracture Diag-
nosis: A Systematic Review and Meta-Analysis,” Clinical Oral Investiga-
tions 27, no. 2 (2023): 433–474.

41. I. Tsesis, E. Rosen, A. Tamse, S. Taschieri, and A. Kfir, “Diagnosis 
of Vertical Root Fractures in Endodontically Treated Teeth Based on 
Clinical and Radiographic Indices: A Systematic Review,” Journal of 
Endodontics 36, no. 9 (2010): 1455–1458.

 17474477, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aej.12923 by C

ochraneItalia, W
iley O

nline L
ibrary on [15/06/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



229

Appendix A

Search Strategy

MEDLINE via OVID (4th January 2024): 657

MeSH terms Free-text search

Population (‘Tooth’/Exp AND ‘fracture’/Exp) (Vertical OR Longitudinal) AND ((root OR tooth) ADJ2 (fracture* OR injur*)) OR (craze 
ADJ2 line*) OR (crazy ADJ2 line*)

Intervention Exp Treatment OR Oral surgery Treatment* OR repair* OR management OR therap* OR bonding

EMBASE (4th January 2024): 885

EMTREE terms Free-text search

Population ‘Tooth fracture’/Exp (Vertical OR Longitudinal) AND ((root OR tooth) NEAR/2 (fracture* 
OR injur*)) OR (craze NEAR/2 line*) OR (crazy NEAR/2 line*)

Intervention ‘Therapy’/Exp OR ‘Management’/Exp 
OR ‘Oral surgery’/Exp

Treatment* OR repair* OR management OR therap* OR bonding
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