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Vertical crown-root fractures (VCRFs) are complex traumatic injuries often deemed non-restorable. Recent 
advances in biomimetic materials and minimally invasive techniques allow for new treatment possibilities. A 21-
year-old female presented with traumatic injuries to the maxillary anterior region. Teeth 11 (right central incisor) 
and 21 (left central incisor) exhibited complicated crown-root fractures extending sub-gingivally. Clinical and 
radiographic assessments, including CBCT, confirmed the diagnosis. Endodontic treatment was initiated. The 
palatal fragment of tooth 21 was stabilized exclusively using two horizontally oriented glass fibre posts, without 
placement of a central/vertical post. Tooth 11 received a vertically oriented glass fibre post. A calcium silicate-
based bioceramic sealer was used for obturation, and both teeth were subsequently restored with zirconia 
crowns. At the one-year follow-up, the treated teeth remained asymptomatic, with no clinical or radiographic 
evidence of periodontal or periapical pathology, crestal bone loss, or root resorption. This case illustrates that a 
tooth-preserving approach incorporating endodontic treatment and tooth-specific fibre post stabilization may 
be considered in carefully selected vertical crown-root fractures. 
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Introduction 

Traumatic dental injuries (TDIs) are a significant clinical 
concern in dental practice, with a reported global 
prevalence of approximately 18% in the permanent 
dentition.1 Anterior teeth, particularly the maxillary 
central incisors, are most frequently affected because of 
their prominent position in the dental arch. Ramchandran 
et al.2 reported that the maxillary left central incisor was 
the most commonly involved tooth in such injuries, with 
road traffic accidents and falls accounting for nearly two-
thirds of the cases. 

Among the various types of TDIs, vertical crown-root 
fractures (VCRFs) represent particularly complex and 
challenging conditions. VCRFs extend from the crown 
across the cervical region and into the root, involving 
enamel, dentin, and root structures, and may extend 
subgingivally or subcrestally, making isolation and 
restoration difficult.3 Depending on the extent and 
location of the fracture, both the pulp and periodontal 
tissues may be compromised, and the affected tooth may 
be considered to have a poor prognosis or be deemed 
non-restorable. In contrast, vertical root fractures (VRFs) 
are longitudinal fractures confined to the root and 
extending from the root canal toward the external root 
surface and periodontium. VRFs are an important cause of 
tooth loss, particularly in endodontically treated teeth, 

with a reported prevalence of approximately 3–5%.4 In 
teeth with vital pulps, root fractures may also occur 
following direct trauma, with the fracture line commonly 
propagating in a mesiodistal direction.5 Although VCRFs 
and VRFs may share some clinical features, they represent 
distinct fracture patterns and should be considered 
separately when determining diagnosis and treatment. 

Recent advances in bioceramic materials and fibre-
reinforced post systems have provided additional options 
for the conservative management of structurally 
compromised teeth. Bioceramic sealer is characterized by 
biocompatibility, sealing ability, dimensional stability, and 
bioactivity.6,7 However, its ability to strengthen or 
reinforce fractured root structures remains uncertain and 
cannot be inferred solely from its material properties. 
Fibre-reinforced composite posts are traditionally placed 
in a vertical orientation within the root canal to provide 
retention and support for the coronal restoration.8 In 
selected cases, horizontal placement of a fibre post has 
also been described as a method of splinting fractured 
segments and stabilizing the tooth. Although this 
approach may provide mechanical stabilization, evidence 
regarding its effect on fracture resistance and its clinical 
effectiveness remains limited. 

The literature on the conservative management of 
VCRFs using fibre-reinforced posts, particularly when 
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combined with bioceramic sealer, remains limited.9 The 
present case report describes the management of VCRFs 
in two maxillary anterior teeth using horizontally and 
vertically oriented fibre posts in conjunction with a 
bioceramic sealer. The clinical and radiographic outcomes 
over a one-year follow-up period are presented to 
contribute to the limited clinical literature on conservative 
approaches for the management of these challenging 
fractures. 

Case Report 

A 21-year-old female patient visited the Department 
of Conservative Dentistry and Endodontics with a chief 
complaint of trauma to the upper anterior region 
sustained one day earlier following a fall from a scooter. 
The patient reported no contributory medical or dental 
history. A thorough extraoral examination on Day 1 
revealed no facial asymmetry, laceration, or other soft 
tissue injury. Intraorally, the maxillary right (tooth 11) and 
left (tooth 21) central incisors exhibited visible crown 
fractures extending mesiodistally, with vertical 
components extending subgingivally beyond the cervical 
margin, suggestive of complicated vertical crown-root 
fractures (VCRFs). The maxillary right lateral incisor (tooth 
12) displayed a less extensive fracture involving enamel 
and dentin without pulpal exposure (Figure 1A–B). 

Both teeth 11 and 21 were tender to vertical 
percussion. No abnormal mobility or pathological probing 
depth was detected and the surrounding soft tissues 
showed no clinically detectable abnormalities. 
Periodontal probing depths were 2–3 mm 
circumferentially around both teeth, with no bleeding on 
probing or suppuration. Clinically, the fracture margins 
extended below the gingival margin.  

Cold and electric pulp sensibility tests produced no 
response from teeth 11 and 21, whereas tooth 12 

responded normally. Since cold and electric pulp tests 
assess pulp sensibility rather than pulp vitality, the 
negative responses obtained one day after trauma were 
not interpreted as definitive evidence of pulp necrosis. 
The absence of a response was considered in conjunction 
with the clinical and radiographic findings. Because teeth 
11 and 21 exhibited complicated crown-root fractures 
with pulpal exposure and required definitive restorative 
stabilization, endodontic treatment was planned for both 
teeth as part of the overall restorative management. 

Periapical radiograph demonstrated coronal fractures 
involving the pulp chambers of teeth 11 and 21. Both 
teeth had closed apices, with no signs of periapical 
radiolucency, crestal bone loss, or root resorption (Figure 
1C). Tooth 12 showed a localized enamel-dentin fracture 
with an intact pulp chamber and no radiographic signs of 
pathology. CBCT examination demonstrated subcrestal 
extension of the crown-root fractures in teeth 11 and 21, 
without evidence of a separate radicular fracture, 
periapical pathology, crestal bone loss, or root resorption 
(Figure 1D–F). 

Based on the clinical and radiographic findings, a 
diagnosis of complicated vertical crown-root fractures 
was established for teeth 11 and 21, while tooth 12 was 
diagnosed with an uncomplicated enamel-dentin fracture. 
A conservative treatment plan was formulated consisting 
of root canal treatment for teeth 11 and 21, stabilization 
of the palatal fragment of tooth 21 exclusively using two 
horizontally placed fibre posts without placement of a 
central/vertical post, placement of a vertically oriented 
fibre post in tooth 11, and composite restoration of tooth 
12. The absence of clinically detectable periodontal 
defects and the localized subcrestal fracture extension 
supported consideration of a conservative treatment 
approach. 

 

 

Figure 1. Preoperative assessment: (A) frontal view; (B) occlusal view; (C) periapical radiograph; (D) axial CBCT view 
of teeth 11 and 21; (E) cross-sectional CBCT view of tooth 11; and (F) cross-sectional CBCT view of tooth 21, with the 

fracture line indicated by the arrow. 
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Informed Consent 
Before treatment, the patient was informed about her 

clinical condition, the proposed treatment, available 
alternatives, potential benefits and risks, and the limitations 
of the conservative approach. The treatment alternatives, 
including extraction and conventional restorative 
approaches, were discussed with the patient. The rationale, 
procedural differences, limitations, and cost implications 
associated with the proposed use of horizontally oriented 
fibre posts for fragment stabilization were also explained. 
The patient subsequently chose the proposed conservative 
treatment after discussion of the clinical rationale, 
procedural differences, limitations, and cost implications. 
Written informed consent was obtained from the patient 
before initiation of the diagnostic and therapeutic 
procedures, in accordance with the Declaration of Helsinki. 

Endodontic Management 
On Day 2, local anesthesia was administered using 2% 

lignocaine with 1:80,000 adrenaline. The unsupported 
coronal fragment of tooth 11 was carefully removed to 
facilitate access. Following access cavity preparation, rubber 
dam isolation was achieved and maintained throughout the 
endodontic procedure. The root canals of teeth 11 and 21 
were accessed and prepared. Particular care was taken to 
preserve the palatal fragment of tooth 21 in its original 
position during instrumentation. The fragment remained 
clinically stable and was protected with the temporary 
restoration until definitive stabilization. 

Working lengths were established using a 15 K-file (MANI 
Inc., Tochigi, Japan), confirmed using an electronic apex 
locator (E-Pex Apex Locator, Eighteeth Medical Technology 
Co., Ltd., Changzhou, China) and radiographs (Figure 2A). 
Initial irrigation was performed with normal saline. 
Biomechanical preparation was completed using HyFlex CM 
rotary files (Coltene/Whaledent AG, Altstätten, Switzerland) 
to size 40/.04. 

During instrumentation, the root canals were 
intermittently irrigated with 3% sodium hypochlorite and 
flushed with saline. Following completion of 
instrumentation, the canals were irrigated with 3 mL of 17% 
EDTA (MD Cleanser, Meta Biomed Co., Ltd., Cheongju, South 
Korea), which was sonically activated using the 
EndoActivator system (Dentsply Sirona, Charlotte, NC, USA) 
with a size 30/.04 flexible polymer tip positioned 
approximately 1 mm short of the working length without 
binding against the canal walls. Sonic activation was 
performed for three cycles of 20 seconds each, with the 
irrigant replenished before each cycle. The total EDTA 
contact/activation time was 60 seconds. The canals were 
then flushed with saline, followed by approximately 5 mL of 
3% sodium hypochlorite delivered using a 30-gauge side-
vented irrigation needle positioned approximately 1 mm 
short of the working length without binding. The sodium 
hypochlorite was subsequently sonically activated using the 
same EndoActivator tip for three cycles of 20 seconds each, 
with replenishment of the irrigant before each cycle. A final 
saline rinse was then performed, and the canals were dried 
with sterile paper points before placement of calcium 
hydroxide as an intracanal medicament.  

Calcium hydroxide (ApexCal, Ivoclar Vivadent AG, Schaan, 
Liechtenstein) was placed as an interim intracanal 
medicament to provide additional antimicrobial activity 
between appointments, and treatment was completed over 
two visits to allow continued intracanal disinfection before 
obturation. 

At Week 1, the patient was asymptomatic. The master 
gutta-percha cone (size 40/.04) was selected and its fit was 
confirmed radiographically, with tug-back achieved at the 
working length. Calcium silicate-based bioceramic sealer 
(CeraSeal, Meta Biomed, Cheongju, South Korea) was 
introduced into the canal using the manufacturer's intracanal 
delivery tip. The master cone was then seated to the full 
working length. Accessory gutta-percha cones were gently 
inserted where required using minimal lateral pressure to 
improve adaptation. The coronal excess gutta-percha was 
removed using a heated plugger. No deep thermal 
compaction was performed. The canal orifices were lightly 
condensed with a hand plugger, and the access cavities were 
temporarily restored. The master cones were verified 
radiographically (Figure 2B), followed by completion of root 
canal obturation of both teeth (Figure 2C).  

Post Placement and Fragment Stabilization 
Following satisfactory obturation of tooth 21, no 

vertically oriented or central fibre post was placed in tooth 
21. Instead, stabilization of the fractured palatal fragment 
was achieved exclusively using two horizontally oriented 
fibre posts. Two transverse channels were prepared through 
the tooth structure approximately 1 mm from the distal 
marginal ridge using a round diamond bur and subsequently 
refined with a tapered diamond bur. The channels were 
oriented transversely to accommodate the horizontally 
placed fibre posts. Two size 1 glass fibre posts (Reforpost, 
Angelus, Londrina, PR, Brazil) were trial-fitted and positioned 
horizontally to connect the fractured palatal fragment with 
the remaining tooth structure (Figure 3B–D). The posts were 
cleaned with alcohol, dried, and treated with silane for 1 
minute according to the manufacturer's recommendations. 
The prepared tooth surfaces were conditioned with 37% 
phosphoric acid for 15 seconds, rinsed thoroughly, and gently 
dried with absorbent paper points. ParaBond Non-Rinse 
Conditioner and ParaBond Adhesive A and B were then 
applied according to the manufacturer's instructions. The 
adhesive was maintained on the prepared surfaces for 
approximately 30 seconds and gently air-dried. ParaCore 
dual-cure resin cement (Coltene, Altstätten, Switzerland) was 
introduced into the prepared channels and applied to the 
posts. The posts were seated with light pressure, excess 
cement was removed, and the cement was allowed to 
polymerize according to the manufacturer's 
recommendations, with light curing used to facilitate 
polymerization. 

For tooth 11, post-space preparation was performed 
after obturation, while approximately 4–5 mm of apical 
gutta-percha was preserved. A size 1 Reforpost glass fibre 
post was then trial-fitted and positioned vertically within the 
prepared post space. The same adhesive and resin-
cementation protocol described for tooth 21 was followed 
for tooth 11. All post-cementation procedures were 
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performed under rubber dam isolation. The horizontal posts 
in tooth 21 were used to stabilize the fractured palatal 
segment; mechanical reinforcement or an increase in 

fracture resistance was not directly evaluated in this case. A 
post-operative radiograph was taken to confirm the final 
position of the fibre posts (Figure 2D). 

 

 

Figure 2. Intraoperative radiographs: (A) working length determination; (B) master cone; (C) obturation; and (D) 
post placement. 

 

 

Figure 3. Intraoperative procedures: (A) isolation of the canal orifice with Teflon; (B) trial placement of the first 
horizontally oriented fibre post; (C) trial placement of the second horizontally oriented fibre post, labial view; (D) 

trial placement of the second horizontally oriented fibre post, palatal view. 

Temporary Crown Phase 
At Week 2, crown preparations were completed for 

teeth 11 and 21, and CAD/CAM-milled PMMA provisional 
crowns were fabricated. The provisional restorations were 
maintained during the initial monitoring period. At the 6-
month visit, they were replaced with definitive zirconia 
crowns for both teeth. 

Follow-Up and Outcome 
The patient was recalled at 1, 2, 3, 4, and 6 months and 

subsequently at 12 months. Periodontal probing depths 
remained 2–3 mm around both teeth, with no bleeding on 
probing, pathological mobility, gingival recession, sinus 
tract formation, or periodontal pocketing. At the 12-
month follow-up, clinical and radiographic examinations 
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showed no evidence of periapical pathology, crestal bone 
loss, or root resorption. The patient reported satisfaction 

with the functional and esthetic outcome and 
preservation of the treated teeth (Figures 4–6). 

 

 

Figure 4. Follow-up: (A) 1 month; (B) 2 months; (C) 3 months; (D) 4 months; and (E) 6 months. 

 

 

Figure 5. Final cementation of prostheses: (A) frontal intraoral view; (B) postoperative smile view; (C) occlusal view; 
and (D) postoperative frontal view. 

 

Figure 6. One-year follow-up: (A) frontal view; (B) periapical radiograph; (C) axial CBCT view of teeth 11 and 21; 
(D) cross-sectional CBCT view of tooth 11; and (E) cross-sectional CBCT view of tooth 21. 
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Adverse Events 
No adverse or unanticipated events occurred during 

treatment or follow-up, and no complications were 

reported throughout the one-year follow-up period. The 
overall sequence of clinical management is summarized in 
the PRICE 2020 flowchart (Figure 7). 

 

 

Figure 7. PRICE 2020 flowchart. 

Discussion 

Vertical crown-root fractures (VCRFs) present a 
challenging restorative situation, particularly when the 
fracture extends subgingivally or subcrestally. 
Traditionally, teeth with extensive crown-root fractures 
may be considered to have a poor prognosis and may be 

managed by extraction or by procedures such as surgical 
or orthodontic extrusion and crown lengthening.10 These 
approaches may have limitations, particularly in the 
anterior region, where preservation of periodontal tissues 
and aesthetics is important. Recent developments in 
adhesive restorative materials and fibre-reinforced post 
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systems have provided additional options for conservative 
management in carefully selected cases.11 

In the present case, two horizontally placed fibre-
reinforced composite (FRC) posts were used to stabilize 
the fractured palatal segment of tooth 21, whereas a 
vertically oriented fibre post was used in tooth 11. Unlike 
a conventional vertically oriented post, which primarily 
provides retention for the coronal restoration, a 
horizontally oriented fibre post can function as a splint 
between fractured segments.12,13 Experimental and finite 
element studies have suggested that this configuration 
may influence stress distribution around the fracture 
site.14 The relatively dentin-like elastic modulus of fibre-
reinforced posts has also been proposed to contribute to 
stress distribution compared with more rigid post 
materials.15,16 However, the biomechanical behaviour of 
this approach is influenced by fracture configuration, 
remaining tooth structure, post position, bonding 
conditions, and functional loading. Evidence supporting its 
mechanical effects is currently derived predominantly 
from laboratory and computational studies; 
consequently, the present case does not establish 
whether horizontal fibre post stabilization improves 
fracture resistance or limits fracture propagation 
clinically. 

Preservation of the palatal fragment in the present 
case allowed the existing tooth structure and surrounding 
periodontal tissues to be maintained without surgical 
removal of the fragment. Although retention of the 
fragment may contribute to preservation of the 
established periodontal environment, the present case 
cannot determine its specific contribution to 
proprioception or periodontal preservation. These 
findings indicate maintenance of periodontal and 
periapical conditions during the one-year observation 
period, although longer follow-up is required to assess 
durability.  

A calcium silicate-based bioceramic sealer was used 
during obturation in the present case. These materials 
have been increasingly used in endodontic treatment 
because of their biocompatibility, sealing ability, hydraulic 
setting characteristics, dimensional stability, alkalinity, 
and bioactive properties.6,7,17,18 Interactions between 
calcium silicate-based materials and dentin may result in 
mineral deposition at the sealer–dentin interface, while 
dentinal tubule penetration has also been reported.17-20 
These properties provide a biological and interfacial 
rationale for their use as endodontic sealers, but available 
evidence does not establish that they mechanically 
reinforce the root or increase fracture resistance.19 In the 
present case, the bioceramic sealer was used primarily for 
its sealing and biological properties as part of the 
obturation procedure. The sealer was used together with 
a master gutta-percha cone and accessory gutta-percha 
cones rather than as a single-cone technique. 

Several treatment alternatives have been described 
for crown-root fractures extending subgingivally or 
subcrestally. Extraction followed by implant-supported 
rehabilitation may be considered when the tooth cannot 

be predictably restored; however, it results in loss of the 
natural tooth and may involve additional biological, 
financial, and treatment considerations, particularly in 
young patients. Surgical crown lengthening can expose 
sound tooth structure for restoration but may alter the 
crown-root ratio, gingival architecture, and anterior 
aesthetics. Orthodontic or surgical extrusion may allow 
preservation of the natural tooth but requires additional 
treatment time and, in some cases, adjunctive periodontal 
procedures. Conventional vertically placed fibre posts 
remain a commonly used restorative option for 
endodontically treated teeth, primarily providing 
retention for the coronal restoration. In contrast, the 
horizontal fibre post approach used in the present case 
was intended to stabilize the fractured palatal fragment 
while preserving the available tooth structure. 

Considering the patient's young age, periodontal 
status, and desire to retain the natural teeth, a 
conservative tooth-preserving approach was selected. 
Treatment selection for VCRFs should nevertheless be 
individualized according to fracture extent, periodontal 
involvement, remaining tooth structure, restorability, and 
patient preferences. The present case therefore provides 
clinical experience with one treatment approach rather 
than comparative evidence establishing its superiority 
over other established options. The present observations 
support the short-term feasibility of the selected tooth-
preserving approach in this individual case but do not 
establish its long-term predictability. 

Several limitations of the present case report should 
be acknowledged. First, the one-year follow-up period is 
insufficient to determine the long-term durability of the 
treatment approach. Longer observation is required to 
assess the stability of the stabilized palatal fragment, 
periodontal health, restorative integrity, and behaviour of 
the treated teeth under functional loading. Second, this 
report describes only two treated teeth in a single patient, 
which limits the generalizability of the findings. Further 
clinical studies with larger patient populations and longer 
follow-up periods are required before this approach can 
be considered predictable for the broader management of 
VCRFs. Novel treatment approaches that differ from 
established treatment strategies require careful 
evaluation before their broader clinical adoption. 
Appropriate case selection, clinical expertise, and careful 
operative technique remain important considerations in 
treatment outcomes. 

Conclusions 

Within the limitations of this single case, conservative 
management using endodontic treatment and tooth-
specific fibre post stabilization enabled preservation of 
both fractured maxillary central incisors during the one-
year observation period. At 12 months, both teeth 
remained asymptomatic, with probing depths of 2–3 mm, 
no pathological mobility or bleeding on probing, and no 
radiographic evidence of periapical radiolucency, crestal 
bone loss, or root resorption. Longer-term follow-up and 
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further clinical evidence are required to determine the 
predictability and durability of this treatment approach. 
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