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[Abstract] Root fracture is a kind of dental trauma involving dentin, cementum, pulp tissue, periodontal membrane

ligament and even the surrounding alveolar bone. It occurs frequently between the ages of 10-20, mostly in the area of
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the maxillary anterior teeth with high aesthetic requirements. The treatment goal for root fracture in permanent teeth is
to maintain the physiological and functional integrity of the tooth as much as possible and to reduce the incidence of
complications. Clinicians usually classify the affected teeth according to the position of the root fracture, including the
apical, mid-root, cervical-mid-root and cervical segments, since it determines the treatment plan and the prognosis of
the affected teeth. CBCT examination can avoid misdiagnosis and missed diagnosis of root fracture to the greatest extent.
The sequential treatment plan of root fracture after permanent anterior tooth trauma includes initial emergency treat-
ment, pulp vitality monitoring and complication management during follow-up. Emergency treatment mainly includes lo-
cal anesthesia and repositioning, if displaced, the coronal segment of the tooth as soon as possible. Then, after checking
its position radiographically, adjustment occlusion and flexible splinting for 4 weeks (4 months for cervical root frac-
ture). The process of root fracture repair includes many tissues and is affected by many clinical factors. Timely and stan-
dardized treatment and close follow-up according to the Dental Trauma Guideline guarantee a good prognosis of root
fracture. The closer the root fracture line is to the apex, the higher the survival rate is. In addition to the location of the
root fracture line, the prognosis is affected by many other clinical factors, such as the displacement of the coronal frag-
ment of the root fracture, the pathological state of the dental pulp, patient age, developmental stage of the root, timely
and good replacement of the root fracture, splinting method, and the presence of other dental trauma complications.
Pulp vitality should be monitored regularly, and root canal therapy of the coronal segment should be carried out only
when infection of the pulp is established. This article reviews the classification, diagnosis, emergency treatment, sequen-
tial follow-up treatment, and prognostic assessment of root fracture trauma to provide suggestions for clinicians to man-
age root fracture trauma in permanent teeth.

[Key words] dental trauma; root fracture; permanent tooth; emergency treatment; sequential therapy; flexi-
ble splinting;  prognostic assessment; root canal therapy; anterior teeth
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a: preoperative intraoral photograph; b & ¢: CBCT showing root fractures of teeth 11 and 21; d: electric pulp vitality test showing a normal

response compared to control teeth, so tooth splinting was performed; e: seven weeks later, the patient complained of chewing pain in

the upper right central incisor, the clinical examination showed tooth 11 had obvious percussion pain and no response to thermal exami-

nation or the pulp vitality test. The diagnosis of necrotic pulp was established. The pain disappeared after root canal treatment above

the fracture line. The pulp vitality of tooth 21 was positive. f & g: at the 6-month and 3-year follow-ups, the two central incisors showed

no clinical symptoms. During the follow-ups, the pulp vitality of tooth 21 remained normal, and the fracture line narrowed on X-ray

Figure 1 A typical case of fractured upper incisors
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a-d: preoperative examination showing periodontal suppuration of tooth 11 with a 5-6 mm probing depth with high mobility

and sinus formation. A U-shaped root fracture line was established with CBCT; e: repositioning and splinting and initiation

of root canal treatment; {: symptoms disappeared after 1 week, and root canal treatment was completed; g & h: three months

after the trauma; 1 & j: two years after the trauma, with the fracture line healed

Figure 2 A typical case of a fractured upper right incisor with clinical infection
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a: root fracture; b: healing with hard dental tissue; c: healing with connective tissue; d: healing with bone and connective

tissue; e: no healing inflammatory granulation tissue forms around the fracture line

Figure 3 Biological healing of root fracture in permanent teeth
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a: tooth 12 with loss of mesial incisal hard tissue was slight-
ly elongated with slight mobility and a normal pulp vitality
test. A crown-root fracture of tooth 11 was also observed. b:
CBCT showed the fracture line at the cervical root of tooth
12. Repositioning, flexible splinting and occlusal adjustment
of tooth 12 were performed; ¢ & d: 3 months and 1 year later;
e & f: 2 years after trauma: tooth 12 was asymptomatic with
normal pulp vitality, the mobility of tooth 12 was within the
normal limit, and the fracture line healed with connective tissue
Figure 4 A typical case of connective tissue healing

after right upper incisor root fracture
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a: the fracture line at the middle part of the root with slight mobility and a normal pulp vitality test, flexible splinting of

tooth 21 was performed; b & c: 3 months and 6 months later; d & e: 1.5 and 4 years after the trauma, bone and connective

tissue were observed within the fracture line

Figure 5 A typical case of bone and connective tissue healing after root fracture of left upper central incisor
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a-c: preoperative examination showed bleeding around the gingival margin, extrusion of the crown with severe mobility, so repositioning

and splinting with orthodontic arch wire were performed; d: one month after the trauma, necrotic pulp of tooth 21 with clinical infection

was diagnosed, and root canal treatment above the fracture line was performed; e: 3 months later, the patient was symptom-free; f: 9

months later, connective tissue healing was observed around the root fracture line

Figure 6 A typical case of fracture of the middle cervical segment of the left upper central incisor
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a-d: tooth 11 was extruded approximately 7-8 mm, CT showed middle-cervical fracture of tooth 11 and avulsion of tooth 21; e & f: tooth

reposition and splinting; g: 2 weeks later, the fracture line of tooth 11 widened; h: 3 weeks later, necrotic pulp of tooth 11 was diagnosed

with clinical symptoms so root canal treatment above the fracture line was performed; i & j: 1 year after the trauma, the patient was symp-

tom-free and healing around the fracture line of tooth 11was observed; k: tooth 21 showed replacement root resorption at 1 year follow-up

Figure 7 The fractured upper right incisor with extrusion and the avulsed upper left incisor
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