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Abstract

Dental anterior fractures are common injuries, especially in those who practice 
extreme sports. This report describes a 25-year-old Bolivian patient who attended our 
private dental clinic in La Paz, Bolivia after experiencing an accident during downhill 
mountain biking. An intraoral examination revealed a fracture line on the buccal side in 
the middle third of the coronal portion of the right central maxillary incisor which 
extended towards the proximal and lingual sides. Multidisciplinary treatment, including 
crown lengthening, osteotomy, root canal treatment, fiberglass post insertion, and reat-
tachment of the fracture segment was performed. A follow-up examination at 10 months 
later revealed that the tooth was completely reestablished both functionally and estheti-
cally and that there was no periapical pathosis or discomfort. This outcome suggests that 
if a patient seeks a dental consultation soon after a complex crown-root fracture has 
occurred, and if the broken tooth segment is available, then reattachment offers an eco-
nomical and simple treatment option which will allow immediate restoration of function-
ality and esthetic standards. Continued follow-up should form part of such a treatment 
plan to allow long-term pulp vitality and periodontal health status to be monitored.
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Introduction

Trauma to dental and supporting tissues 
due to physical impact is a common injury. It 
affects between 1% and 3% of the world popu-
lation. Children, adolescents, and young 
adults are the most common victims of such 
injuries, which account for 5% of all oral inju-
ries for which people seek dental treatment. 
Most of these injuries occur in the anterior 
teeth, and therefore cause phonetic and func-
tional, as well as cosmetic problems. A recent 
report noted that the teeth most commonly 
affected by dental trauma were the upper cen-
tral incisors32). Dental trauma can sometimes 
cause the tooth to lose its integrity, and it can 
also be partially or totally displaced from its 
anatomical position. In addition, this can 
sometimes be accompanied by trauma to the 
perioral soft tissue34).

Mountain biking, also known as off-road 
cycling, is categorized as an extreme sport. Its 
popularity has been increasing recently, espe-
cially in the 20 to 30 year-old age group16). 
Some studies reported that dental trauma has 
an incidence of between 22% to 25% among 
off-road cycling athletes15,30). One 10-year fol-
low-up study showed a three-fold increase in 
patient admission due to mountain biking 
injuries in trauma centres in Canada23).

The International Association of Dental 
Trauma categorizes crown-root fractures as 
complicated or uncomplicated, depending 
on whether the dental pulp is involved or 
not5). Another important factor that should 
be considered in deciding the most appropri-
ate treatment plan in such cases is the link 
between age and root formation. Dental 
trauma is characterized by an absence of a 
single pathogenetic mechanism or predict-
able pattern for magnitude or severity. There-

fore, obtaining the desired therapeutic results 
requires a multidisciplinary approach involv-
ing all dental specialties and the use of the 
available materials to achieve preservation of 
the dental tissues, which is one of the main 
goals of the final steps in such treatment. 
Therefore, the immediate treatment of the 
traumatic injury must take priority if the func-
tional and esthetic aspects of the dentition are 
to be successfully restored. The contents of 
such treatment vary and may include any-
thing from a composite resin restoration to 
fragment reattachment. From a psycho-socio-
logical point of view, the latter option offers 
the patient greater benefits as rehabilitation is 
immediate because the patient’s own tissue 
may be used27). This procedure was first 
described back in the early 1960 s6). The prog-
nosis for the replacement will depend on the 
viability of the tooth fragment and how well it 
adapts to the remaining dental substrate. This 
technique can offer complete esthetic resto-
ration since all the macroscopic characteris-
tics of the tooth, such as shape, contour, align-
ment, translucency, surface texture, and tooth 
positioning, are maintained14).

This case report describes a multidisci-
plinary approach to the successful treatment 
of a complicated crown-root fracture in the 
right central maxillary incisor (RCMI) of a 
young downhill mountain biking athlete in 
which the fragment reattachment technique 
was employed.

Case Presentation

Written informed consent to inclusion in 
this report was obtained from the patient.

In February 2021, a 25-year-old Bolivian 
man visited our Dental Clinic in La Paz, 
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Bolivia, after experiencing an accident while 
mountain biking downhill one day earlier. He 
had been wearing a helmet at the time of the 
accident. It had broken on impact, however, 
and he had not been wearing a mouthguard. 
A clinical examination and palpation of the 
head revealed no lesions or symptoms of dis-
comfort. An extraoral physical examination 
revealed lacerations and moderate edema in 
the semi-mucosa of the right-hand side of the 
upper and lower lips (Fig. 1a). An intraoral 
examination revealed a fracture line on the 
buccal side in the middle third of the coronal 
portion of the RCMI which extended towards 
the proximal and lingual sides (Fig. 1b, c). 
The fractured segment remained in the origi-
nal position due to palatal gingival attach-
ment. Dental radiography revealed complete 
root development, and there were no altera-
tions in the alveolar bone or apical tissues 
(Fig. 1d).

Further clinical and radiographic examina-
tion of the adjacent teeth revealed an uncom-

plicated crown fracture in the right maxillary 
lateral incisor (RMLI) (Fig. 1b white arrow), 
but no pulpal or periapical damage. On the 
other hand, the left central maxillary incisor 
(LCMI) was intact, with no pulpal or periapi-
cal lesions.

Clinical Procedures and Outcomes

After removing the fractured portion with 
minimal force, examination with a periodon-
tal probe revealed that palatal extension of 
the fracture line reached 5 mm below the 
gingival margin. Pulp exposure that reacted 
positively to thermal sensitivity tests was also 
observed (Fig. 2a, b, c). Due to the length of 
time the pulp was exposed, however, irrevers-
ible pulpitis was diagnosed. The diagnosis for 
the RCMI was concussion, with a complicated 
crown-root fracture encompassing the 
enamel, dentin, and cementum, accompa-
nied by symptomatic irreversible pulpitis and 

【版面】W：396 pt（片段　192 pt）　H：588 pt　【本文】行数不明（手組み）　10pt　12pt 送り
【図】●図番号・タイトル・説明：11.3Q　12.7H　New Baskerville ITC Std　図タイトルと説明のアキ　9Q　●タイトル折り返し：番号の後（続
く説明の先頭は字下げ不要）　●図説の幅　片段：片段固定　全段：図幅　　

【表】●番号・タイトル・説明：11.3Q　12.7H　New Baskerville ITC Std　タイトルと表のアキ　10.5Q　●罫線　表はじめのみ双罫　表中の
罫の太さ　1.411mm ●表中：11.3Q　12.7H　New Baskerville ITC Std　●脚注　11.3Q　12.7H　New Baskerville ITC Std　 字下げなし　
斜体は New Baskerville ITC Std Italic（タグは <l>）　半角ダーシは -（ハイフン）に F50：tohaba の文字スタイルをかけて作成

Fig.　1　Extra-oral photo. 

a: Lacerations and moderate edema in semi-mucosa on right-hand side of upper and lower lips. 
Intra-oral photo. Clinical appearance of complicated fracture in RCMI. b: Buccal view. Non-com-
plicated fracture in RMLI, c: Lateral view. d: Pre-operative Dental Radiograph.

b. c.a. d.
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Fig.　2　Fractured segment. 

a: Axial view, b: Lingual view, c: Subgingival extension of fracture line. 

a. b. c.
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normal apical tissues. The possible treatments 
were explained to the patient. As the frac-
tured portion remained in the oral cavity, it 
was agreed that fragment reattachment would 
be performed. After removal of the remains 
of the gingival tissue, the fracture segment 
was washed with physiological saline solution 
and stored until reattachment could be com-
pleted. Adaptation of the fragment to the 
original site was later verified. Root canal 
treatment (RCT) was also performed as the 
pulp was exposed for several hours and the 
crown structure needed to be reinforced with 
an intra-radicular post. The highest point of 
the oblique fracture was 5 mm below the pala-
tal gingival margin and rubber dam isolation 
was not possible. Therefore, local anesthesia 
was applied in the alveolar buccal sulcus and 
at the palatal site. Crown lengthening was 
then performed by raising a full thickness flap 
and performing a 1-mm ostectomy. Next, a B5 
clamp (Hygienic, Coltene. France) was placed 
on the fractured tooth and 2 more BS 00 
clamps (Hygienic, Coltene. France) on the 
right and left canines to reinforce complete 
isolation (Fig. 3a). Pulp tissue was removed 
and a working length (WL) of 17.5 mm estab-
lished using the Root ZX II apex locator 
(Morita, Kyoto, Japan). The coronal refer-
ence for the WL was the buccal edge of the 
fractured coronary remnant. Biomechanical 
preparation was carried out using the Mtwo 
system from 10/04 to 25/06 (VDW Gmbh-
Bayerwaldstr, Germany) and the K3 system 
(SybronEndo, Kerr, USA) with an apical ter-
mination of 40/04.

Sodium hypochlorite at 1.0% was used as a 
chemical disinfectant during the preparation. 
Later, root canal filling (RCF) was undertaken 
using a single cone technique and a eugenol-
free endodontic sealer cement, Sealer 26 
(Dentsply Indústria e Comercio. Ltda, Rio de 
Janeiro, Brazil). The cervical and middle 
third of the cone were cut using a Dr. Mach-
tou vertical plugger 2–3 (Dentsply-Maillefer, 
Ballaigues, Switzerland), leaving only 4 to 
5 mm of the RCF elements in the apical third 
of the root canal. Subsequently, a fiberglass 
post (Whitepost DC-E 2, FGM, Dental Prod-
ucts, Brazil) was prepared with 96% alcohol 
and silane (Silane Ultradent, USA), which 
was then inserted into the root canal and 
luted with a self-adhesive transparent resin 
cement (seT PP, SDI Limited, Bayswater, Aus-
tralia) (Fig. 3b). Next, a space was prepared in 
the pulp chamber of the fracture segment to 
position the coronal portion of the post (Fig. 
3c).

Total acid etching technique using 37% 
phosphoric acid (phosphoric acid 37 FGM, 
Brazil) was performed both on the intraoral 
remnant and on the fractured fragment (15 
sec in enamel and 5 sec in dentin). After rins-
ing the intraoral remnant and the fractured 
fragment completely, One Coat Bond SL 
(Swiss TEC, Coltene, Switzerland) was applied 
on the entire prepared surface and flowable 
resin Polofil NHT Flow (VOCO GmbH, Ger-
many) inserted to consolidate the bond 
between the 3 segments. Later, using a fine-
grained diamond bur, a 1.5-mm wide and 0.7-
mm deep chamfer was made over the enamel 
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Fig.　3　Intraoperative photos. 

a: Rubber dam isolation after crown lengthening b: Glass fiber post luted into root canal, c: Frac-
tured fragment after preparing space to position post.

a. b. c.

4

tdc01-02_arias.indd   4tdc01-02_arias.indd   4 2023/01/06   17:25:012023/01/06   17:25:01



Reattachment Crown Root Fracture

on the buccal side of the fractured fragment 
line. Finally, restoration of the chamfer was 
carried out with a A1E composite resin 
(Forma, ULTRADENT, USA) and finished 
with conventional polishing techniques using 
Soflex discs (3M GmBH, Germany). After 
removing the isolation, the palatal flap was 
repositioned and sutured with 3–0 silk thread 
in the mesial and distal interdental papillae 
(Fig. 4a). Occlusion was checked and a con-
trol dental radiograph obtained (Fig. 4b). 
Possible extrusion of the apical mesial sealer 
was visible, probably due to the presence of 
some accessory canals within that region. 
After reattachment was completed, the 
importance of wearing a mouthguard was 
explained.

The patient returned to the clinic 7 days 
later to have the suture points removed, at 
which point the tooth remained asymptom-
atic. Clinical and radiograph examinations 
carried out at 10 months later revealed that 
the tooth was completely reestablished both 
functionally and esthetically, with no periapi-
cal pathosis or symptoms of discomfort (Fig. 

5a, b, c). A clinical examination confirmed 
that the tooth had regained its physiological 
function. During this visit, a composite resto-
ration was placed on the RMLI.

Discussion

Determining which treatment options are 
appropriate in patients with complicated 
crown-root fractures due to dental trauma is a 
major challenge. Multidisciplinary interven-
tion is needed, often encompassing periodon-
tics, endodontics, and oral rehabilitation. The 
selection of appropriate materials can also be 
challenging due to the wide range now avail-
able in dentistry9,14,34).

In the present case, the reattachment tech-
nique was the most conservative way of restor-
ing the affected tooth. Numerous articles 
have reported the success of this approach21,24,36). 
Hydration of the fractured segment is a criti-
cal factor in the success of this type of treat-
ment as it is necessary to prevent the collagen 
fibers of the dentine from collapsing, thus 
affecting both the bonding capacity and the 
natural appearance of the detached segment. 
In the present case, the fragment had 
remained in the intraoral environment (mois-
turized by saliva) until the patient came to our 
clinic. In one study where several storage 
environments for dental fragments were 
tested, it was concluded that keeping them in 
milk or saliva was most effective because few 
osmotic and dimensional changes occur in 
the dentin fragments, thus enabling a higher 
bond strength. The present results support 
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Fig.　4　Immediate post-attachment treatment 

a: Buccal view, b: Dental radiograph 

b.a.
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Fig.　5　Ten months-follow up. 

a: Buccal view, b: Lingual view, c: Dental radiograph.

a. b. C.
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these earlier findings, as the fragment had 
been kept in saliva, the most appropriate envi-
ronment for the tooth to be restored40). Dur-
ing the reattachment procedure, which lasted 
approximately 2 h, the crown segment was 
kept in physiological saline solution.

The fracture of a tooth that affects the cer-
vical third of the root constitutes a violation of 
biological width. Biological width is the 
dimension of the soft tissue that is attached to 
the portion of the tooth located coronally to 
the crest of the alveolar bone20). There must 
be 2–3 mm of biological width in all teeth to 
protect them from the progression of infec-
tion from the gingival sulcus to the periodon-
tium. Therefore, no adhesive procedure 
should be limited to restoring the fractured 
tooth. Full restoration of periodontal health 
must also be taken into consideration. In the 
present case, simple replacement of the frac-
tured fragment was not possible because it 
was an oblique fracture, with its highest point 
5 mm below the palatal gingival margin. 
Therefore, the biological width was affected. 
For this reason, crown lengthening surgery 
followed by a 1-mm osteotomy was the most 
appropriate approach, which included the 
need to fully expose the periodontal tissues to 
access the fracture margin and thus achieve 
adequate attachment and repositioning of 
the fractured segment25,33). In another similar 
case report, clinical examination revealed 
that there was a minimal invasion of the bio-
logical width, so no osteotomy was required3,36). 
The literature describes 2 types of surgical 
procedure for crown lengthening (CL): one 
or two-stage. The difference between them is 
that in 2-stage CL, gingival recontouring must 
be performed for esthetic reasons at 3 to 4 
months after the supra-crestal reattachment is 
established19). Due to COVID-19 pandemic 
restrictions, one-stage CL was performed in 
the present case, as the patient could only 
come in for follow-up at 10 months later. Dur-
ing this follow-up, however, it was verified that 
the periodontal tissue of the tooth was in full 
esthetic and functional health. Here, RCT was 
performed as irreversible pulpitis had been 
diagnosed, the apex was completely formed, 

and a monoblock had to be created com-
posed of the intraoral remnant, the fiber post, 
and the fragment of the fractured tooth due 
to the extent of the fracture and the force of 
mandibular protrusion. Regarding biome-
chanical preparation, a hybrid technique was 
used, combining the Mtwo and K3 systems. 
This combination was employed as some clini-
cal reports have indicated that use of K3 as the 
final rotary system provides better and more 
tactile sensation for apical shaping29,43). 
Sodium hypochlorite was used as an intraca-
nal disinfectant within its minimum effective 
concentration (1.0%) to reduce the possibil-
ity of deterioration of root canal collagen 
fibers. This enabled the formation of an ade-
quate hybrid layer between the dentin root, 
resinous cement, and intra-radicular post, 
forming a solid structure41).  Due to esthetic 
considerations, and because the tooth did not 
present any symptoms, the tooth was com-
pletely rehabilitated in a single appointment, 
with immediate root canal filling being per-
formed.  In fact, one review has reported simi-
lar success rates during multiple or single 
sessions, regardless of the status of the pulp or 
periapical tissues28). Moreover, the conclusion 
of another review, is that multiple sessions are 
only justified when symptomatic teeth and/or 
periapical lesions are to be treated11). Use of 
Sealer-26 (Dentsply Indústria e Comercio 
Ltda, Rio de Janeiro, Brazil), a eugenol-free 
endodontic sealer, was necessary to avoid con-
tamination of the intracanal walls with materi-
als that could interfere with the complete 
polymerization of the resin-type cementing 
materials10,46). The other reason this sealer was 
used in the present case was because it is a 
biocompatible material that provides a better 
apical seal with greater resistance to dissolu-
tion over time8).  Regarding apical extrusion 
of resin-based sealants such as Sealer 26, con-
cerns arise that its epoxy bisphenol content 
could cause some cytotoxic effect39). One 
report describes a clinical case in which pain 
and paresthesia were reported after apical 
extrusion of this sealer around the mandibu-
lar canal which did not improve after anti-
inflammatory, antibiotic, or even carbamaze-
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pine medication. Therefore, a sagittal osteot-
omy had to be performed to remove the 
extruded sealer38). However, other researchers 
have concluded that in case of pain after api-
cal extrusion of Sealer 26, the “wait-and-see” 
attitude and continued follow-ups are the best 
option12), since it has been shown that after 6 
months macrophages phagocytize these par-
ticles and remove them from the inflamma-
tory site2). In general, it has been confirmed 
that apical deviation of the sealant does not 
interfere with periapical healing, leading to 
the conclusion that resorption of the extruded 
sealant is not a prerequisite for apical healing. 
Therefore, “resorption and healing must be 
considered separately”1,37). In the present case, 
even though apical extrusion of the sealant 
was observed, the patient did not complain of 
any symptoms. In addition, the control radio-
graph obtained at the 10-month follow-up 
examination revealed that the possible api-
cally extruded sealant was in the process of 
being reabsorbed. Intra-radicular glass fiber 
posts have adequate esthetic and mechanical 
properties: a modulus of elasticity analogous 
to that of dentine, and they can be bonded to 
the intracanal surface with a self-etching resin 
cement. Therefore, they are the type most 
recommended for the restoration of compli-
cated dental fractures4,42). When selecting the 
technique for reattaching a fractured frag-
ment to a dental remnant, generation of 
micro-stresses during the function of the ante-
rior guidance should be considered26,44). For 
this reason, in the present case, a fluid com-
posite resin was first applied to create an 
interface agent, a thin film that would facili-
tate the adaptation and repositioning of both 
dental tissues in a closer way. Subsequently, 
once the fragments had adhered to one 
another, a double chamfer in the shape of a 
“V” was prepared in the enamel immediately 
above the fracture line. One recent systematic 
review of fragment reattachment techniques 
noted that additional fragment preparation 
such as a chamfer, beveling, or grooves was 
performed in only 42% of cases, even though 
the reported outcome was favorable for up to 
7 years in all such cases22). Furthermore, one 

study has shown a difference in fracture resis-
tance of between 37% and 60% in teeth with 
only bonding and an additional chamber 
preparation, respectively. The increased frac-
ture resistance seen in the latter was believed 
to be due the higher bonding area yielded by 
the preparation35). Another systematic review 
analyzing in vitro tooth reattachment tech-
niques, however, concluded that the most 
suitable technique for regaining strength lost 
during fracture involved no extra preparation 
of the fragment segments, an adhesive system, 
and an intermediate composite9). In the pres-
ent case, a nano-hybrid composite resin was 
added for chamfer restoration. Several stud-
ies indicate that this procedure increases the 
resistance of the union to shear, which can 
possibly occur due to the oblique forces gen-
erated14,31,45). On the other hand, from an 
esthetic point of view, camouflaging the frac-
ture line with a nano-hybrid composite resin 
will successfully restore the natural and cos-
metic appearance of the fractured tooth17,31). 
Some studies have shown that using fiber 
posts obviates the need for any additional 
fragment preparation such as groves or bev-
els, as the post will provide sufficient strength 
to resist fracture18). In addition, using fiber 
posts in conjunction with resin cement pro-
vides a monobloc effect as it offers an appro-
priate elastic modulus, thus strengthening 
the retention of the fractured segment7). An 
x-ray was obtained at the end of all the clinical 
procedures in the present case to verify that 
the root canal filling was compact, that the 
fiber post had been installed correctly, that 
the reconnected fragment had returned to its 
original location, and that the resin interface 
had homogeneously adapted. Periodic follow-
up in such complex cases is also advisable. In 
the present case, only two checkups could be 
performed (at 1 week and at 10 months after 
full crown restoration) as the patient’s resi-
dence was distant from the treatment location 
and COVID-19 pandemic restrictions. This 
follow-up revealed a natural tooth appear-
ance with no crown discoloration and normal 
periodontal tissues. In addition, the adjacent 
teeth remained asymptomatic, responding to 
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vitality tests without any signs of pulpal or 
periapical disease.

Downhill mountain biking is an extreme 
sport, and due to the rise in its popularity the 
possibility of orofacial injuries has also 
increased. In the present case, the patient was 
using a helmet, but not a mouthguard. In 
some European countries, only 4.4% of ath-
letes use mouthguards while mountain bik-
ing30). To our knowledge, no guidelines have 
been issued or preventative education pro-
vided to athletes in Bolivia on how to avoid 
such injuries. Dental professionals must 
therefore play an important role not only in 
deciding the therapeutic approach to be 
adopted in cases of dental-maxillofacial inju-
ries, but also in disseminating preventive edu-
cation information to athletes who engage in 
this extreme sport, such as by promoting the 
use of removable intraoral protectors or 
teaching the emergency management of frac-
tured tooth segments and/or avulsed teeth13). 
In the present case,  although the patient was 
informed of the potential risks and causes 
that come from not using oral protection, he 
did not agree to wear a protective occlusal 
guard in the future.

This report describing the reattachment of 
a fractured segment in a case of a complicated 
crown-root fracture suggests that a multidisci-
plinary treatment approach is required. This 
will include crown lengthening surgery and 
an osteotomy aimed at restoring the health of 
the periodontal tissues; root canal treatment 
and insertion of a fiberglass post to strengthen 
the remains of the teeth; and, finally, the use 
of a flowable resin and a nano-hybrid compos-
ite resin for esthetic recovery and reinforce-
ment of both segments along the fracture 
line. Furthermore, there is a correlation 
between engaging in extreme sports and a 
high rate of dentoalveolar injuries. There-
fore, dentists should take an active role not 
only in the treatment of such lesions, but also 
in providing such athletes with preventive 
education.
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