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Abstract
The deteriorated anterior tooth is always a challenge for 
dentists to ideally restore to proper form and function for 
long-term usage. Sometimes, compromised treatment of a 
flared root is indicated to avoid its extraction and to prolong 
the use of the tooth in function until the final treatment 
plan can be done. This paper aims to provide an alternative 
proposal for restorative treatment of compromised anterior 
teeth with a flared root, which is presenting itself as a 
suitable alternative to conventional cast metal post-and-
cores with 16 years of long-term follow-up. Considerations 
regarding the restoration of flared incisor roots were also 
addressed based on the review of published references.

Key words: flared root, endodontically treated tooth, root canal 
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Introduction
Patients who have suffered from large carious lesions or 

trauma to a front tooth during childhood and adolescence 
always end up having weakened roots with large canal space 
and poor remaining structure to ensure an adequate ferrule for 
the crown restoration1-3. Further, the tooth with a widely flared 
root canal and thin residual dentin wall makes the restoration 
more difficult, which can imply a poor prognosis for the restored 
tooth regarding its’ long-term functionality4,5.

In general, these teeth with poor restorability are considered 
and evaluated for removal and a more predictable prognosis 
like a fixed or removeable prosthesis is recommended for adult 
patients. However, in childhood and adolescent age patients, the 
treatment for these flared roots becomes more complicated and 
challenging.  When teeth with flared roots are removed, some 
possible treatment options are offered to the young patients by 
the clinicians. For example, a dental flipper or a removable partial 
denture can be used to replace the missing tooth to meet the 
minimum esthetics and functions, which is an easy and economical 
way. However, the removable appliance is uncomfortable and 
should be relined or replaced occasionally following the patient’s 
growth.

A 3-unit bridge could be another option, which is more 
comfortable for patients and provides certain functions in terms 
of esthetics and functions. Since the pulp tissue is relatively 
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large in young patients, a provisional bridge with 
under preparation of adjacent teeth is usually 
recommended to reduce the risk of pulp damage 
of the abutment teeth. Another alternative is, 
instead of a gross reduction for abutments, using 
an adhesive bridge to restore missing teeth with 
minimum tooth preparations. From the pro side, 
the minimum preparation ensures pulp vitality of 
abutment teeth. While on the con side, adhesive 
bridges are considered as semi-permanent 
restorations, and bridge loosening with secondary 
decay is not uncommon. Further, the clinical 
crown is relatively short in young patients, which 
could therefore hinder bridge retention and/or 
hygiene maintenance. Moreover, in recent years 
the patient’s perceptions may change and lead 
to a greater demand for preservation of sound 
abutment tooth structure, which makes the 
treatment of flared roots more challenging.

Most of the time, an implant restoration is 
not an option for young patient, as early implant 
placement can stunt the growth of the surrounding 
teeth and jawbones, which could result in serious 
issues down the line. Therefore, the development 
of the patient should be carefully evaluated before 
any implant can be inserted, regardless of the 
general guidelines which suggest that female 
teenagers must be at least 15 years of age and 
male teenagers must be at least 17 years of age 
to receive dental implants6,7. To complement the 
implant replacement for the weakened tooth till 
the completeness of jawbone growth, how to 
restore the compromised flared root of anterior 
tooth becomes an important issue. Thus, this case 
report aims to propose an option for the treatment 
of an upper anterior weakened tooth using fiber 
posts with composite crown restorations, to 
discuss the important clinical steps involved in the 
success of this protocol, to report a case with 16 
years of long-term follow-up, and to address the 
considerations in the treatment of flared anterior  
tooth.

Case report
The 11-year-old male student presented with a 

chief complaint of an ill-fitting Nance appliance in 
the mouth, which was inserted by his orthodontist 
2 years ago in order to serve as a space maintainer 
to prevent upper molars from drifting forward (Fig. 
1A). Clinical examination revealed that besides 
the presence of the appliance, upper right central 
incisor (tooth 11 in the FDI numbering system) was 

previously prepared and restored with a denture 
tooth. Apical radiograph showed that 11 had a 
previous root canal treatment, but the quality 
of root filling was quite poor, and a periapical 
radiolucency was noted (Fig. 1B). The denture 
tooth of 11 was utilized and assumed to protect 
the fractured tooth which might be caused by a 
traumatic injury when the patient was 9 years old.

The mission of the Nance appliance was 
considered accomplished as all the teeth in front of 
the first molars were in a good position, therefore 
the appliance was detached. The provisional crown 
of 11 was removed and the tooth was thoroughly 
evaluated. The tooth was sensitive to palpation and 
percussion but probing depths were within normal 
limits. The remaining clinical crown height was 
less than 2 mm at the labial side (Fig. 1C). While 
at the palatal side, marginal caries underneath 
the provisional crown was noted, and no coronal 
dentin existed (Fig. 2A). After removal of the 
carious dentin, the tooth ended up with a flared 
canal with a rather thin dentin wall surrounding 
it. The restorability of the tooth with conventional 
treatment for endodontically treated tooth was 
questioned since the remaining structure could not 
provide sufficient ferrule to protect the tooth.

The three-unit bridge or implant crown to replace 
11 was also not suggested, because pulp size in 
the adjacent abutments was large, the patient was 
young, and the jawbone was still growing. Further, 
the patient preferred keeping the adjacent teeth 
intact, therefore the semi-permanent adhesive 
bridge was not acceptable. The treatment plan 
of using a removable partial denture to replace 
11 was considered but not approved. Because 
the patient felt wearing a removable flipper was 
uncomfortable and inconvenient. Moreover, the 
edentulous ridge resorption under denture might 
complicate the consequent implant treatment, 
if the removal of the root is too early before 
jawbones are well developed for implant therapy. 
To keep the tooth in function as long as possible 
and to avoid early extraction of the tooth, the 
patient accepted the treatment plan of directly 
restoring the weakened tooth with fiber posts and 
composite crown restoration.

The tooth 11 was endodontically retreated 
under a modified rubber dam technique to isolate 
the operative field. At the follow-up appointment 
two weeks later, it was noted that the tooth 
sensitivity to palpation and percussion was remitted 
(Fig. 2B). During the following visit, No. 4 Gates-
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Glidden drills (Maillefer, Ballaigues, Switzerland) 
were used for gutta-percha (GP) removal of the 
root canal until 5 mm of GP was left, then a series 
of fiber posts were checked for adaptation inside 
the root canal. Due to a mismatch between the 
post and the flared root canal space, modification 
of post fabrication was indicated. For this purpose, 
the number and sequence of fiber posts try-in was 
carefully evaluated.

Thereafter, the deep margin elevation protocol 
was conducted to isolate the subgingival palatal 
margin8-10, followed by immediate dentin sealing 
and coronal elevation of the deep margin to 
a supragingival position using a direct bonded 
composite resin base. A curved Tofflemire matrix 
was modified by reducing matrix height to 2-3 mm 
at the palatal side for better matrix adaptation. 
Since the narrowed matrix will allow itself to slide 
into the subgingival sulcus easier and seal the 
margin more efficiently. The ideal matrix height 
was further adjusted to slightly higher than 
the desired elevation for better visibility of the 
subgingival margin. Prior to bonding, a Teflon strip 
was rolled and placed to improve deep isolation 

and reveal the true limits of the cavity, the margin 
was gently re-prepared using a fine diamond bur 
on a low-speed electric handpiece. The canal wall 
was also retouched since the freshly cut dentin is 
ideal for bonding. Following the manufacturer’s 
instruction, the root canal and remaining dentin 
was conditioned, primed and bonded using the 
Optibond FL adhesive system (Kerr, Orange, 
CA, USA) in the presence of the matrix. Then, a 
flowable composite (Filtek Supreme XT, 3M ESPE, 
St. Paul, MN) was placed to get a better adaptation 
of margin, following by Z100 composite (3M ESPE) 
to build up a palatal wall for elevating the margin 
supragingivally.

Three fiber posts (RelyX size 1 tapered post, 
3M ESPE) were placed into the flared root canal, 
to obtain better support for composite crown 
restoration (Figs. 3A & 3B). The lengths of fiber 
posts were reduced to allow at least 1 mm veneer 
space for the composite resin. The posts were 
cemented into the canal with a dual-cured resin 
cement (Nexus 2, Kerr) in apical third, and light-
cured for 20 s. The remaining canal space was 
filled with flowable resin (Filtek Supreme XT), 

Figure 1. Initial visit.
(a) Nance appliance in the mouth.
(b) Radiograph showing apical rarefaction.
(c)  short remaining tooth after crown removal.

A B C

Figure 2. Endodontic retreatment.
(a) Large pulp chamber after instrumentation.
(b) Radiograph showing flared root canal.
(c )  Thin dentin walls with poor ferrule.

A B C
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and the crown portion was finished directly with 
regular composite (Z-100) incrementally. After 
completeness of crown build-up, a sharp explorer 
and interdental flossing were used to check for the 
absence of overhangs and flash (Fig. 3C). Further, 
an apical radiograph was taken to ensure that no 
excesses or gaps were present (Fig. 3D). Static and 
dynamic occlusions were checked to confirm that 
11 was not subjected to occlusal force alone. At 
the end of the visit, the importance of avoiding 
biting on hard foods with this tooth and keeping 
good oral hygiene were addressed.

The tooth was functional and esthetically 
accepted by the patient, and had been scheduled 

for regular follow-up every year. At 6 years of 
follow-up, the young male student presented 
with a dark, unpleasant stain at 11 labial surface 
and generalized gingivitis, which could be due his 
neglecting dental hygiene when he was under 
heavy pressure from his schoolwork (Fig. 4A). 
Luckily, the apical film of 11 showed smooth 
proximal contours with normal apical tissue and 
periodontal bone profile (Fig. 4B). The patient 
received full-mouth ultrasonic scaling with intensive 
oral hygiene instruction, and 1 week later he had 
a composite resin replacement on 11 labial surface 
(Figs. 4C & 4D). From then to now, the 16 years 
of follow-up, the tooth 11 was still functional and 

A B C D

Figure 3. Post insertion and composite crown resonation.
(a) Try-in of three fiber posts.
(b) Occlusal view showing post position deep palatal wall.
(c )  Crown build-up with composite resin.
(d) Radiograph showing smooth proximal walls.

Figure 4. Six years of follow-up.
(a) Generalized gingivitis with labial external stain of 11.
(b) Radiograph showing normal healthy apical tissue.
(c)  One week after full mouth scaling and resin repair of 11.
(d) Close-up view of 11 after resin repair.

A B C D

Figure 5. Twelve and sixteen years of follow-ups.
(a) Twelve years of follow-up of 11.
(b) Radiograph showing normal healthy apical tissue and alveolar bone.
(c)  Sixteen years of follow-up of 11.
(d) Radiograph showing normal healthy apical tissue and alveolar bone.

A B C D
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maintainable. Radiographic evaluation did not 
reveal any periapical and periodontal changes. The 
patient was satisfied with the treatment outcome, 
and had plenty of time to decide when and what 
types of restoration he wishes to use to replace the 
weakened tooth.

Discussion
The longevity of the presented flared tooth 

was beyond common expectations. During 
the 16 years of follow-up, the preservation of 
alveolar bone around the tooth had achieved the 
intended goal, and the tooth was still in function. 
The success of the treatment could be due to 
delicate procedures in restoring the tooth and 
regular follow-up for comprehensive maintenance. 
The regular maintenances focused on oral 
hygiene, soft tissue condition, initial or secondary 
caries, marginal integrity and especially occlusal 
prematurity. Usually, a follow-up apical radiograph 
is a routine to evaluate periodontal and periapical 
conditions. In restoring a flared incisor root, several 
concepts and related skills should be addressed, 
including preserving tooth structure, deep margin 
elevation, post selection and modification, adhesive 
approaches, and guided occlusion.

Decision making for a flared root
Treatment of an endodontically involved 

anterior tooth is really challenging for schoolchildren 
and their parents. In spite of a large pulp chamber, 
caries and trauma usually result in substantial loss 
of coronal tooth structure, which needs a post and 
core to retain the artificial crown. However, most of 
the time the remaining tooth structure is too weak 
to provide a good ferrule in these young patients. 
Although orthodontic extrusion and surgical crown 
lengthening procedures could be considered to 
partially solve the problems, the treatments cost 
time and money, and cause discomfort to patients. 
Further, it may compromise the crown and root 
ratio and result in unfavorable esthetic outcomes. 
What makes the matter worse is that these teeth 
usually combined with a flared root having rather 
thin dentin walls around the canal just like the 
presented case. Basically, the optimal treatment for 
the flared incisor root is to remove the weakened 
root and install an implant for the adult patient. 
However, implant treatment for growing children 
is contraindicated11. Therefore, the best treatment 
for this patient was to provide a provisional crown 
which is functional and esthetically acceptable, 

and more importantly, it should not only maintain 
the alveolar bone height but also not impede 
subsequent bone growth. 

Preserving tooth structure
There is a consensus that the remaining tooth 

structure plays an important role in the survival of 
endodontically treated teeth3,12. Therefore, caries 
should be removed carefully, and remaining sound 
tooth structure should be kept as much as possible. 
Most of the time, healthy dentin and enamel are 
carelessly removed by air-driven turbines at high 
speed during caries removal. However, for the 
flared root remaining sound tooth structure is so 
precious that a high-torque electric handpiece at 
low speed is requested for precise caries removal. 
Because electric handpiece at low speed can provide 
a better tactile sensation in caries removal, which 
shall maximize preservation and conservation of 
remaining tooth structure.

Deep margin elevation
Subgingival margins were encountered at 

proximal and palatal surfaces of the case, which 
complicated the use of direct or indirect adhesive 
restorations. Because such cases cause significant 
challenges during isolation of the operatory field 
for adhesive bonding, impression taking, and 
adhesive luting. When these procedures are 
not properly executed, it can and may generate 
marginal leakage and thus affect the longevity 
of the restoration and the periodontal tissues. 
Clinically, there are two common approaches to 
handle deep subgingival caries8. One is Crown 
Lengthening procedure which relocates gingival 
margins apically by surgically removing supporting 
tissue and recreating the space necessary for 
deep restoration without violating biologic width. 
The other approach was suggested by Dietschi 
and Spreafico10 for deep caries by relocating the 
restoration margin coronally, instead of relocating 
gingival margin apically by crown lengthening 
procedure. This procedure was named as deep 
margin elevation (DME) by Magne and Spreafico9, 
which is based on the ability to get proper isolation 
after carious tissue removal, immediate dentin 
sealing (IDS)13-15, and the bonding of several layers 
of composite onto the deep margin to create a 
new, more coronal restoration margin. In addition, 
a well-adapted matrix is indicated for building-
up the subgingival restoration with an adequate 
emergence profile9. Thereafter, the indirect 



22

Journal of Prosthodontics and Implantology

Volume 10 Number 1, 2021

restoration can be prepared and cemented on top 
of the elevated margin.

According to previous references, DME was 
considered a feasible noninvasive alternative  
to crown lengthening, which also facilitate the  
placement of large direct composite resin  
restorations. To reduce polymerization shrinkage 
stresses, incremental filling technique and 
compensatory techniques are commonly suggested. 
The later includes building up large restoration with 
various composite layering systems, incorporation 
of a composite resin or ceramic insert, or 
application of a glass-ionomer base, to minimize 
the stresses developed in adhesive interfaces. 
Frankly, the marginal seal is the prerequisite 
for DME8-10. Another concern is the long-term 
biocompatibility of restorative resin. Information 
on the gingival reaction to subgingival restoration 
is very controversial16-18. Some studies have 
shown a higher plaque index around composites 
compared to a healthy enamel surface, while 
others showed no significant differences in term 
of plaque accumulation and gingivitis. In general, 
resin materials seem to be tolerable subgingivally, 
if the restoration is carefully finished and polished, 
and plaque control is well taken of18-20. However, 
the presented patient did not take great care of 
his oral hygiene and it lead to gingivitis frequently 
but did not violate periodontal attachment, which 
might be inferred that gingival response to biofilm 
may vary between individuals18,20.

Fiber post modification
Because of the improved physical properties 

and adhesion to root canal dentin, composite resin 
materials alone have been used for posts and cores 
if the teeth have a great amount of remaining 
tooth structure3. However, for teeth with a flared 
root and a weakened coronal structure, studies had 
shown that the post and core that were exclusively 
restored through the resin composite lacked 
sufficient strength21-23. For many years, cast metal 
posts and cores were regarded as the main option 
for the rehabilitation of endodontically treated 
teeth with flared roots. Because these customized 
metal posts provide a good fit to the canal wall, 
thus providing high retention with a thin cement 
layer24. However, because of the high elastic 
modulus and stiffness in comparison to tooth, 
metal posts potentially lead to catastrophic root 
fracture25-27. Furthermore, the wedging force from 
cast posts and cores would impose serious impacts 

on the weakened coronal portion. The risk is even 
higher for the flared root, since it has a stronger 
post and a weaker root having limited remaining 
dentin28. Considering stress distribution and 
incidence of catastrophic root fracture, fiber posts 
with a similar elastic modulus to dentin are highly 
recommended. Further, fiber posts could provide 
better optical translucency feature by the combined 
use of a resin core. However, the mismatch of the 
prefabricated fiber posts and flared root canals 
should be carefully justified. Merely luting fiber post 
with resin cement is not suggested, the strength 
of the cement can be questioned, moreover, the 
excessively thick cement favoring polymerization 
shrinkage and formation of bubbles which could 
thus weaken the restoration4,29,30.

Up to date, several ways to fill the voids 
between the prefabricated fiber post and the 
flared root canal can be approached. Some authors 
suggested to reline the fiber post with composite 
resin to create an individual anatomic post, and/or 
fill in with accessory glass fiber posts to reduce the 
amount of cement2,21,31-33. However, Kubo et al21 
found that the use of a prefabricated glass fiber 
post in the center of the post space was ineffective 
in strengthening the composite resin post and 
core, while the use of glass fiber ribbon outside of 
the post space could provide stronger strength21. 
The elastic behavior of fiber posts is considered to 
benefit the stress distribution, however, too much 
flexibility could also generate higher cyclic bending 
during function, which could induce micro-gaps in 
crown/post/root interfaces. The similar finding of 
strengthening fiber posts was reported, where a 
fiber sleeve was used34. In this case, accessary fiber 
posts instead of fiber ribbon or sleeve were used 
for the reinforcement of the composite resin post 
and core.

Adhesive approaches
Fiber posts reinforced with ribbon, sleeve, 

or accessary posts could be done by relining 
with composite resin to form anatomical posts 
easily. Although the anatomical customization of 
the fiber post showed a more uniform cement 
layer24, the customization procedure included 
the application of a water-soluble gel into the 
root canal to serve as a separating agent during 
relining, which could impede adhesive bonding 
if the gel was not completely removed. Further, 
root canal walls sometimes are over-prepared 
to remove undercuts to facilitate the relining 
procedure, which not only weakens the tooth 
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structure but also reduces the bonding potential.

It is crucial to get good and lasting bonding 
between the dentin, posts, and composite. 
During the cementation of fiber post, the 
compatibility between the luting agent and the 
adhesive system is important. In our case, the 
three-step Optibond FL adhesive was applied into 
a freshly-prepared root canal and coronal dentin, 
then light-cured to create optimal bonding. 
Based on the IDS concept, three fiber posts were 
cemented by the dual-cured cement at apical 
third, then glued together by injecting a light-
cured flowable composite resin into the root 
canal directly. The light-cured resin system has a 
higher degree of conversion, comparing to the 
dual-cured system if light irradiation is sufficient. 
It is agreed that a polymer with a higher degree 
of conversion shall benefit the physical property 
and biocompatibility. Accordingly, flowable 
resins with good translucency are suggested. 
However, in this procedure, some issues need to 
be justified that injecting resin should not induce 
voids into the canal, and the thickness of light-
cured flowable resin should keep within its curing 
depth suggested by the manufacturer21.

Areas that need improvement
The treatment procedures of the presented case 

can be more efficient if the caries removal could be 
operated under a microscope or with adjunctive 
caries staining solution to keep sound tooth 
structure as much as possible. Further, an indirect 
resin veneer or customized index could enhance the 
labial profile which not only dominates the esthetic 
appearance but also provides adequate support for 
marginal gingiva35,36. The overcontoured profile of 
a restoration at the subgingival zone might cause 
gingival recession, while an undercontoured profile 
does not support marginal gingiva optimally, and 
thus the gingiva tends to form a roll around the 
tooth and is slightly inflamed as seen in this case. 
When the patient presented at the first visit, the 
tooth was not fully erupted and with a mesial-
in rotation, which biased the judgment of the 
subgingival contour of the restoration. Fortunately, 
the mild gingival inflammation did not cause 
any periodontal bone loss during the 16 years of 
follow-up. On the contrary, the undercontoured 
profile of the restoration lead to a coronal shift of 
the gingival line in comparison with the adjacent 
teeth, which could be easily corrected when the 
patient requests a new provisional or definitive 

prosthesis. Another shortcoming of treatment was 
that the patient did not consistently maintain and 
take good care of his oral hygiene, which worsened 
the gingival inflammation.

Conclusion
The clinical challenges associated with the 

treatment of flared roots are not uncommon. 
Facing all compromised situations, a risk-benefit 
analysis must be done to determine whether 
procedures attempting to restore the tooth, even 
just for temporary use, will prolong the function 
of the tooth without sacrificing the alveolar bone 
which is the indispensable foundation for future 
implantation. A functional and tolerable temporary 
restoration of the flared root is even more important 
for the growing patient since it will buy time until 
an implant can be placed. The success of this 16 
years of follow-up case was only possible with 
the application of optimal and reliable adhesion, 
followed by the installation of modified fiber posts 
to strengthen crown restoration. It should be 
emphasized that there is no consensus regarding 
the preferred type of post systems to reinforce 
crown restoration37. However, preserving tooth 
structure, immediate dentine sealing, deep margin 
elevation, post modification, adhesive approaches, 
and guided occlusion seem to take their roles in 
contributing to the success of this case. Meanwhile, 
it should be noticed that the presented treatment 
protocol is not a panacea for all the flared root 
cases, especially for patients with deep bite, lost 
posterior support, clenching, bruxism, or poor oral 
hygiene.
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