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Abstract: (1) Introduction: Deciduous traumatic dental injuries pose a serious global health concern.
Root fractures show an incidence rate of approximately 2%; however, the literature is limited re-
garding the appropriate treatment and prognosis of affected teeth. This retrospective study aims to
analyze the long-term outcomes of orthodontic splinting using brackets compared with composite
resin-only splinting in two homogeneous samples affected by root fractures. The study also examines
the onset and patterns of root resorption. (2) Methods: The first group included 25 patients with
27 deciduous upper incisors affected by root fracture; Group 2 consisted of 35 patients with 38 root
fractures of maxillary deciduous teeth. The categorical data for both groups were analyzed using the
chi-squared homogeneity test. Age groups were compared using the Mann–Whitney U test; p < 0.005
was considered statistically significant. (3) Results: In both groups, the male gender predominated
similarly. In Group 1, early decidual loss occurred in 16% of cases, whereas in Group 2 it occurred in
51% of cases. Pulp canal obliteration was observed in 68% of deciduous teeth in Group 1, compared
with 30% in Group 2. No complications affecting permanent teeth were noted in Group 1; in Group 2,
29% developed enamel dysplasia and 26% experienced delayed eruption, with statistically significant
differences in these proportions. Apical fragment resorption was observed in 92% of cases in Group 1
and 30% in Group 2. (4) Conclusions: The treatment of deciduous tooth root fractures using orthodon-
tic splints can yield significant benefits, such as reduction of early tooth loss. Furthermore, the study
confirms that early resorption of the distal fragment of fractured roots is a common physiological
phenomenon in primary teeth and typically occurs within a year following trauma.

Keywords: dental traumatology; orthodontic splint; primary teeth; primary root fracture; dental
trauma; apical fragment resorption; pulp canal obliteration

1. Introduction

Primary dentition plays a crucial role both functionally (as it guides the eruption of
permanent teeth) and aesthetically [1]. Dental emergencies and traumatic dental injuries
(TDIs) are well-documented in the guidelines of the International Association of Dental
Traumatology (IADT) [2–4]. Epidemiological studies consistently demonstrate a high
incidence and prevalence of TDIs, accounting for approximately 50% of cases [2,5], as
confirmed by a recent meta-analysis [5]. Consequently, TDIs pose a significant global health
problem, particularly due to their potential long-term consequences on permanent teeth [6].

Furthermore, traumatic events in primary dentition, such as extrusive luxation trauma
and root and alveolar fractures, can lead to occlusal interferences that require prompt
treatment [3]. These traumatic events often result in tooth extraction, posing challenges for
the eruption and alignment of future permanent teeth [7].
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The primary maxillary central incisors are the teeth most frequently involved, with an
incidence rate of up to 80% [8]. The most frequent primary TDIs are extrusion, intrusion
(64%), and avulsions (92%) [9,10].

Additionally, there is a notable lack of studies on deciduous root fractures in the
existing literature. Root fractures are relatively rare, with an incidence rate of approximately
2% [9]; they typically occur due to severe trauma in the crown area near the gum line or
even in correspondence to the alveolar bone [10].

Intra-oral radiographic examination is crucial for accurate diagnosis, as it reveals root
fractures as a line of horizontal radiolucency.

Fractures of the middle and apical third of the root are the most common.
The standard treatment involves splinting and occlusal stabilization [11–14]. Accord-

ing to Andreasen et al. (1998), conservative therapy has shown a good success rate, despite
the challenges associated with performing splinting and limited cooperation from pediatric
patients [15].

Long-term follow-up requires meticulous clinical and radiographic evaluations, par-
ticularly to monitor the onset and progression of root resorption, pulp necrosis (PN), and
pulp canal obliteration (PCO). PCO is characterized by the gradual progressive oblitera-
tion of the canal walls, which is radiographically visible as a reduction of the endodontic
space [16]. This retrospective study aims to analyze the outcomes of two homogeneous
samples with deciduous root fractures to determine whether treatment with orthodontic
splinting (utilizing orthodontic brackets and wires) compared with a control group treated
only with composite fixation splinting to adjacent teeth yields a more favorable prognosis
for the affected tooth and influences the onset and timing of resorption in the fractured root.

2. Materials and Methods

A retrospective observational study was conducted, analyzing the records of 60 pa-
tients with root fractures in primary dentition. The study included patients aged between
2 and 4 years of age who received treatment at the Dental Traumatology Center of the
University of Cagliari (Italy) between 2012 and 2022. The treatments were performed by
three equally qualified specialists (ES, NZ, and MSM), with equivalent clinical-diagnostic
expertise. These specialists alternately provided acute treatment and subsequent follow-
up care.

The initial basic study group (Group 1) initially included 37 patients, of whom 12 did
not meet the inclusion criteria, resulting in a final sample size of 25 patients with root
fractures in deciduous incisors, totaling 27 upper incisors with root fractures.

The control group (Group 2) comprised 35 patients, with a total of 38 fractures of
maxillary primary teeth (Figure 1).

The most evident therapeutic difference between the two samples examined was the
type of post-trauma splinting performed. In the first group, orthodontic splinting (wire
and Bk) was performed, while, in the second group, the splinting was conducted solely
in composite resin, allowing the evaluation of immediate complications and long-term
outcomes.

The following inclusion criteria were applied:

- Patients with at least one primary incisor presenting with root fracture, with or without
compound vestibular cortex fracture;

- Patients examined within 48 h of the dental trauma and whose data had been collected
in accordance with the IADT guidelines of 2012, updated in 2020.

The exclusion criteria were as follows:

- Patients with a history of previous traumatic dental injuries and/or carious lesions;
- Patients who experienced additional traumatic dental injuries during the follow-up

period;
- Patients with ongoing interceptive and/or orthodontic therapy.
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Figure 1. The recruitment process leading to the final sample.

The selection process was based on clinical and radiographic findings, carried out
independently by two equally qualified and experienced specialists who underwent appro-
priate training for approximately three months. These specialists were dentists who had
graduated at least five years prior and who had been involved in pediatric dentistry and
traumatology for a minimum of three years.

All selected cases were reviewed (with particular focus on radiographic data) by a
third party with more experience, expertise, and decision-making authority. The level of
agreement among these experts was assessed using the kappa test, which yielded a value
of 0.68, indicating “moderate” agreement, according to Landis and Koch (1977) [17].

Any disagreements were resolved via discussions between all three reviewers.

2.1. Management of the Fractures

The data collection form followed a standardized protocol and included the recording
of the patient’s age, sex, etiology of the trauma, the affected tooth, and the type and severity
of the lesion (Table 1).

Furthermore, the data collection form also included a clinical description of the le-
sion, information on responses to pulp sensitivity tests, radiographic and photographic
investigations, details of the treatment performed, and information on long-term follow-up.

Prior to commencing treatment, written consent for clinical and therapeutic investiga-
tions was obtained from the parents or legal guardians of all patients in accordance with
the protocols of the Helsinki Charter [18] and its subsequent updates.

The data were already present in the databases of the dental clinics and were anonymized
with an alphanumeric code at the time of collection, as mandated by the national guide-
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lines of the National Health and Medical Research Council (NHMRC) for retrospective
clinical studies. The study complied with the “Human Experimentation Statement” and
received approval from the medical direction board of the Surgical Science Department of
the University of Cagliari (2020/13742).

Table 1. Evaluated parameters of the study.

Evaluated Parameters

Gender and age of the patient

Localization of the root fracture

Presence of extrusion and/or other types of concomitant trauma

Time interval since the trauma

Type and duration of splinting

Onset of PCO

Follow-up and X-ray checks;
results based on the type of splinting used

The evaluation of each patient began with a comprehensive history taking, followed
by intra- and extra-oral examination and palpation of the injured area. The clinical dental
examination included tests of range of mobility, percussion sound and tenderness, response
to pulp tests, and periapical or occlusal graphical X-ray examinations. During subsequent
checks, the possible development of root resorption in the middle and apical third was
evaluated within 6, 9, and 12 months, along with modification of the chroma of the tooth
crown, onset of PCO, inflammation, and/or inflammatory complications.

Pulp sensitivity was tested using a cold spray with a maximum temperature of −26 ◦C.
It should be noted that a negative response immediately after the trauma did not reliably
indicate pulpal necrosis. In fact, additional evidence, such as radiographic and coronal
dyschromic changes, were considered to determine pulpal status.

Radiographs, including periapical and standardized occlusal views, were taken using
3 × 4 mm Kodak film; changes in tooth color were also taken into account.

The classification of root fractures was based on the location of the fracture line,
categorized as follows [19]: fracture of the apical third, middle third, or coronal third.

The types of splinting were classified, based on eventual physiological mobility, as:

• Rigid splinting: does not allow any physiological mobility of the tooth and may create
conditions for complications of an ankylotic nature.

• Non-rigid/semi-rigid/flexible splinting: allows for physiological functional mobil-
ity of the traumatized tooth, promoting healing of the periodontal ligament with a
consequent reduction of the risk of ankylosis.

In Group 1, splinting with orthodontic brackets was used, requiring the use of or-
thodontic brackets and wires (Figure 2a,b).

In Group 1, the orthodontic brackets were positioned in the middle third of the labial
surface of the tooth and attachments belonging to the mini lines were preferred to avoid
bulk and excessive retention of bacterial plaque and discomfort for the injured child. A
0.12–0.14 Australian round wire was typically used or, if possible, a passively matched
NT 0.16 wire. The advantage of splint immobilization was the ability to synchronize tooth
movement, which was especially important in cases of intrusive movement. In Group 2, a
splint was performed in composite resin only (Figure 3a,b).
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Figure 3. (a) Intra-oral X-ray showing the root fracture of 61. (b) Splinting performed with composite
resin only (Group 2).

The technique for resin splinting is simple and involves the following steps:

• Conditioning of the enamel of damaged and nearby teeth;
• Application of adhesive and composite material to the affected tooth and adjacent teeth;
• Light curing to harden the composite material.

It should be noted that a composite splint has a weak point in its increased tendency
to fracture due to inter-dental occlusal forces. This treatment option was chosen in cases
with unfavorable local conditions and/or uncooperative patients who would not tolerate
the longer time required for bracket placement in orthodontic splinting.

2.2. Statistical Analysis

Statistical analysis was conducted by cross-tabulating the variables. Due to the limited
number of observations a non-parametric test was performed using Fisher’s exact test, with
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a p < 0.005 that could be considered statistically significant. The statistical analysis was
performed using Stata software, version 16.1 (StataCorp LLC, College Station, TX, USA).

3. Results

The results of the study are presented below, divided according to the specified search
parameters.

Tables 2 and 3 show the results of the two groups.

Table 2. Analysis of Group 1 samples. Legend: VCF—vestibular cortical fracture, OI—occlusal
interference.

Gender
Age at

Trauma
(Months)

Tooth
In-

volved

Root
Fracture
Position

Extrusion
Other

Type of
Trauma

Place of
Trauma

Time
from the
Accident

Splint
Time Complications PCO

Apical
Fragment

Resorption

Damage of
Permanent

Tooth

M 30 6.1 MD Yes VCF
OI Asylum 4 60–90 Not Yes Yes Not

F 32 5.1 MD Yes OI Asylum 6 60–90 Not Yes Yes Not

M 36 5.1 MD Yes

Luxation
of

adjacent
teeth, OI

Home 5 60–90 Not Yes Yes Not

F 46 6.1 MD/AT Yes Not Outside 18 60–90 Early loss Not Yes Delayed
eruption

M 40 5.1 MD Yes,
palatal OI Outside 14 60–90 Not Not Yes Not

F 30 6.1 AT Not Not Home 24 60–90 Not Yes Yes Not

M 24 5.1 AT
Yes,

vestibu-
lar

Mobility Home 18 60–90 Not Yes Yes Not

M 30 5.1 MD Yes Not Asylum 4 60–90 Not Yes Yes Not

F 28 5.1 MD Yes OI Home 3 60–90 Not Yes Yes Not

M 48 6.1 MD Not Not Outside 19 60–90 Not Not Yes Not

M 32 5.1 AT Not Mobility Home 12 60–90 Not Not Yes Not

F 40 6.1 MD Yes,
palatal VCF, OI Asylum 3 60–90 Not Yes Yes Not

M 45 6.1/6.1 AT Not Not Asylum 18 60–90 Not Not Yes Not

M 30 5.1 MD/AT Yes,
vestibular Mobility Home 5 60–90 Early loss Yes Yes Delayed

eruption

F 48 6.1 MD Yes Not Outside 24 60–90 Not Not Yes Not

M 28 5.1 MD/AT Yes OI Home 12 60–90 Early loss Yes Yes Delayed
eruption

F 29 5.1 AT Not Not Home 20 60–90 Not Not Yes Not

M 30 6.1 MD Yes,
palatal OI Asylum 4 60–90 Not Yes Yes Not

F 44 6.1 MD Not Not Asylum 6 60–90 Not Yes Yes Not

M 30 5.1/6.1 MD Yes Not Home 3 60–90 Not Not Yes Not

F 31 6.1 AT Not OI Outside 18 60–90 Not Yes Yes Not

M 36 6.1 MD Yes,
palatal Not Asylum 4 60–90 Early loss Yes Yes Not

M 38 5.1 MD Not Mobility Asylum 3 60–90 Not Yes Yes Not

F 40 5.1 MD
Yes,

vestibu-
lar

Not Outside 19 60–90 Not Yes Yes Not

M 42 6.1 MD Not Not Outside 14 60–90 Not Yes Yes Not
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Table 3. Analysis of Group 2 samples. Legend: VCF—vestibular cortical fracture, OI—occlusal
interference.

Gender
Age at

Trauma
(Months)

Tooth
Root

Fracture
Position

Extrusion
Other

Type of
Trauma

Place of
Trauma

Time
from the
Accident

Splint
Time Complications PCO

Apical
Fragment

Resorption

Type of
Damage of
Permanent

Tooth

M 18 5.1 MT Yes OI Home <2 55 Early loss Not Yes Enamel
dysplasia

M 24 5.1 MT Not Mobility Outside <2 28 Not Yes Yes Enamel
dysplasia

F 28 6.1 MT Not Not Home >24 46 Not Yes Not Not

M 26 5.1/6.1 MT Yes,
palatal OI Asylum <2 60 Not Not Not Not

F 26 6.1 MT Not Not Outside <2 60 Early loss Not Yes Enamel
dysplasia

F 30 5.1 MT Yes,
vestibular Mobility Home <2 25 Early loos Not Yes Enamel

dysplasia

M 30 5.1 MT Not Not Asylum >24 60 Early loss Not Not Enamel
dysplasia

M 30 6.1 MT Yes OI Home <2 50 Not Yes Yes Enamel
dysplasia

M 30 6.1 MT Yes,
palatal OI Asylum <2 15 Early loss Not Yes Enamel

dysplasia

F 30 5.1 MT Not Not Home >24 25 Early loss Not Yes Not

M 30 5.1 AT Not Not Asylum >24 60 Not Yes Not Not

F 30 5.1 MT Yes OI Asylum <2 60 Dyschromia Yes Yes Not

M 31 6.1 AT Yes,
vestibular Mobility Home <2 65 Not Yes Yes Not

M 31 6.1 MT Not Mobility Home >24 35 Early loss Not Yes Enamel
dysplasia

M 32 5.1 MT Not Not Asylum >24 60 Not Not Yes Not

F 32 6.1 MT Yes OI Outside <2 50 Not Yes Yes Not

M 32 5.1 MT Yes,
palatal OI Outside <2 40 Early loss Not Yes Enamel

dysplasia

M 35 5.1 MT Yes,
palatal OI Home <2 60 Dyschromia Yes Yes Not

M 35 5.1/6.1 MT Yes OI Home <2 55 Not Not Yes Delayed
eruption

F 36 6.1 MT Not VCF Outside >24 60 Not Not Yes Not

M 36 6.1 MT Not Mobility Outside >24 58 Not Not Yes Delayed
eruption

M 37 5.1 MT Not Not Home < 2 60 Not Not Not Delayed
eruption

M 38 5.1 MT Yes,
palatal OI Home <2 20 Early loss Not Yes Delayed

eruption

F 38 5.1 AT Yes OI Outside <2 30 Early loss Yes Yes Delayed
eruption

F 38 6.1 MT Yes OI Outside >24 30 Early loss Not Yes Delayed
eruption

M 40 6.1 MT Not VCF Playground <2 28 Early loss Not Yes Delayed
eruption

F 40 6.1 MT Not Not Home >24 60 Dyschromia Yes Yes Delayed
eruption

M 40 5.1 MT Not Mobility Asylum <2 30 Early loss Not Yes Delayed
eruption

M 40 5.1 MT Yes,
vestibular Mobility Asylum <2 21 Early loss Not Yes Enamel

dysplasia

M 44 6.1 MT Yes,
palatal OI Outside <2 60 Early loss Not Yes Not

M 44 5.1 MT Not Not Playground >24 70 Not Not Yes Not

F 45 6.1 MT Not Not Playground >24 90 Early loss Not Yes Not

M 46 5.1/6.1 MT Yes OI Home <2 58 Not Not Not Not

F 46 5.1 MT Not VCF Playground >24 30 Early loss Not Yes Not

M 46 5.1 MT Not VCF Playground >24 45 Early loss Not Yes Not

3.1. General Data of the Selected Patients

Group 1 consisted of 15 males (66%) and 10 females (34%), with a mean age of
35.4 months (standard deviation: 7.09). Group 2 involved 23 males (66%) and 12 females
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(34%), with a mean age of 34.6 months (standard deviation: 6.8). There were no significant
differences observed between the two groups in terms of age (p = 0.80) or gender (males
representing the majority in both groups, 67.7% and 60.0%, respectively; p = 0.55).

3.2. Localization of the Trauma

In both Group 1 and Group 2, only maxillary central incisors were involved in the
root fractures. In Group 1, the most commonly affected teeth were the left maxillary central
incisors. Among the patients in Group 1, two patients had root fractures in both maxillary
central incisors. In Group 2, the left maxillary central incisors were involved as frequently
as the right maxillary central incisors. Among the patients in Group 2, root fracture of both
maxillary central incisors occurred in three patients.

3.3. Etiology

In both Group 1 and Group 2, the most common etiological factor for root fractures
was a non-specific fall accident. In Group 1, 36% of the traumas occurred at home, 36% in
kindergarten, and 28% outdoors. In Group 2, 37% of the traumas occurred in the home,
26% in kindergarten, and 37% outdoors.

3.4. Location of the Root Fracture

In Group 1, the middle third of the root was involved in 68% of cases, the apical third
in 24% of cases, and the cervical third in 8% of cases. In Group 2, the middle third of the
root was involved in 91% of cases and the apical third in 9% of cases.

3.5. Presence of Dislocation with Extrusion

In Group 1, among the total affected teeth, extrusion occurred in 60% of cases, with 15%
of cases showing palatal direction, 11% vestibular direction, and 33% without vestibular
and/or palatal inclinations. In 36% of cases, there was no extrusion of the teeth affected by
root fracture. In Group 2, among the total affected teeth, extrusion occurred in 53% of cases,
with 18% of cases showing palatal direction, 8% vestibular direction, and 26% without
vestibular and/or palatal inclinations. In 47% of cases, there was no extrusion of the teeth
affected by root fracture.

3.6. Other Type of Trauma

In Group 1, among the total affected teeth, occlusal interference occurred in 33%,
mobility in 15%, cortical bone fracture in 29%, while no other clinical signs occurred in 52%
of cases. In Group 2, among the total affected teeth, occlusal interference occurred in 45%
of cases, mobility in 18%, cortical bone fracture in 10% of cases, and no other clinical signs
occurred in 26%.

3.7. Treatment Time after Trauma

In Group 1, 8% of cases were treated after 24 h, while 92% were treated within 2 to
24 h. No cases were treated within 2 h of the trauma. In Group 2, 60% of cases were treated
within 2 h of the injury and 40% after 24 h.

3.8. Follow-Up

In both Group 1 and 2, patients were followed up continuously for 5 years. Follow-up
visits were performed at 3, 7, 14, 30, 45, 60, and 90 days and then every 3 months until the
corresponding permanent incisors erupted.

3.9. Reabsorption of the Apical Root Fragment

Periodic X-ray examinations were conducted to monitor the reabsorption of the distal
fracture fragment of the root. This reabsorption typically became noticeable within 6 months
of the trauma and was usually complete within 12/18 months. In Group 1, reabsorption of
the apical fragment was observed in all cases, while in Group 2 it occurred in 76% of cases.
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Among the 29 cases in Group 2, where reabsorption of the apical root fragment was found,
17 teeth suffered from early loss. However, no significant statistical relationship was found
(p = 0.532; Table 4) between the groups and the reabsorption of the apical root fragment.

Table 4. Statistical analysis of apical fragment resorption.

Apical Fragment Resorption

1 2 Total

1 23 4 27

85.19 14.81 100.00

2 29 9 38

76.32 23.68 100.00

Total 52 13 65

80.00 20.00 100.00

Fisher’s exact = 0.532

4. Complications
4.1. Premature Loss of Deciduous Teeth

In Group 1, a total of 4 early deciduous tooth losses were observed out of 27 teeth
involved (15%). In Group 2, 18 early primary tooth losses occurred among a total of
38 teeth (47%). A statistically significant relationship was found between the two groups
(p = 0.008; Table 5), indicating a higher incidence of premature deciduous tooth loss in
Group 2 compared with Group 1.

Table 5. Statistical analysis of early loss.

Early Loss

1 2 Total

1 4 23 27

14.81 85.19 100.00

2 18 20 38

47.37 52.63 100.00

Total 22 43 65

33.85 66.15 100.00

Fisher’s exact = 0.008

4.2. PCO

In Group 1, there were 17 deciduous teeth that developed PCO out of a total of 27 teeth
(63%). In Group 2, 10 deciduous teeth developed PCO (26%), considering that many of
these teeth were lost early. A statistically significant relationship was found (p = 0.005;
Table 6), indicating a higher incidence of PCO in Group 1 compared with Group 2.

4.3. Changes in Permanent Teeth

In Group 1, the permanent incisors showed no coronal outcomes, except for a minor
number that suffered from delayed eruption (3 teeth of 27). In Group 2, 10 permanent
incisors among a total of 38 teeth showed delayed eruption.

4.4. Splinting Time

Group 1 was splinted for a duration of 60–90 days. Group 2, on the other hand, had a
mean splinting time of 48.21 days.
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Table 6. Statistical analysis of PCO.

1 2 Total

1 17 10 27

62.96 37.04 100.00

2 10 28 38

26.32 73.68 100.00

Total 27 38 65

41.54 58.46 100.00

Fisher’s exact = 0.005

5. Discussion

The main goals of diagnosis and management of traumatic dental injuries (TDIs) in
children with primary dentition are to relieve pain and to prevent premature loss of the
affected tooth [12,19–22].

However, there is a lack of studies in the contemporary literature that investigate the
long-term consequences on the permanent dentition following TDIs involving primary
dentition [23–25]. Notably, the period between 1 and 4 years of age represents a crucial
developmental phase for the occurrence of central incisor disorders.

Close attention must be given to the proximity of the deciduous tooth root apex to the
permanent germ, as improper management of traumatic dental injuries (TDIs) in primary
teeth could cause more damage than the initial trauma itself. Several factors should be
carefully considered, including the severity of tooth displacement, the presence of tooth
mobility, the degree of root maturation, and the child’s compliance [20,21]. While there is
limited documentation regarding the treatment of root fractures in deciduous teeth, the
existing literature predominantly focuses on cases related to the management of lateral
dislocation and intrusion [20,26–29]. The present retrospective investigation of etiological
data in the analyzed samples aligns with findings reported in the literature, with accidental
falls at home being the most prevalent cause, followed by incidents in school environments
and during outdoor games [30]. Furthermore, studies indicate that the upper central
incisors are the most commonly affected teeth in TDI cases [12,31].

The sample findings reported in this study align closely with the literature results.
In Group 1, the protocols outlined in the latest International Association of Dental Trau-
matology (IATD) guidelines were followed [3,32]. In cases of root fracture, the affected
tooth was delicately repositioned and orthodontically splinted to the adjacent teeth. It is
important to highlight a significant distinction, namely that orthodontic splinting, which
was predominant in Group 1, resulted in fewer instances of occlusal micro-trauma due to
reduced interference with opposing teeth. Consequently, there were fewer cases of early
tooth loss among the traumatized teeth (only 4 out of 25). In Group 2, where orthodontic
splinting was not feasible, manual repositioning of teeth was performed when immediately
possible. This group exhibited more occlusal micro-interferences, resulting in a higher
occurrence of premature tooth loss and subsequent ectopic and delayed eruptions of corre-
sponding permanent teeth. These findings were consistent with a retrospective study by
Cho et al., which suggested that occlusal interference contributed to a poorer prognosis for
traumatized teeth [14].

Based on the achieved outcomes, the authors recommend repositioning and splinting
of the coronal fragment to prevent further traumatic injuries. This is crucial, since the
coronal fragment is often displaced, resulting in trauma to the periodontal ligament that
leads to a dislocation injury.

However, unlike dislocation injuries in intact teeth, the root coronal fragment is shorter,
so is less resistant to subsequent trauma. The severity of sequelae in the permanent tooth
depends on various factors, including the type of trauma to the primary tooth, the child’s
age, the treatment performed, and the direction of tooth displacement [33,34]. In Group 2,
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some cases of hypoplastic coronal outcomes were observed. However, these events were
unlikely to be connected to root fractures since the apical root fragment remained relatively
stationary and did not impact with the neighboring germ of the developing permanent
tooth [33,34]. It is more plausible that these outcomes were associated with previous
unrecognized traumas, direct impact on the bone cortex, or non-traumatic (dysontogenic)
origins [33,34].

However, timely and appropriate treatment, as well as follow-up care, can significantly
reduce complications associated with traumatic dental injuries (TDIs). The International
Association of Dental Traumatology (IATD) strongly recommends splint therapy as treat-
ment for fractures and root extrusions [3]. In Group 1, orthodontic repositioning combined
with splinting proved to be effective, yielding favorable outcomes even after the trauma.
Instances of early tooth loss were minimal, with no occurrences of dental necrosis. PCO
was observed in 68% of cases, which often follows dental luxation injuries and may or may
not be accompanied by coronal dyschromia [16,35].

A significant statistical difference was found between Group 1 and Group 2 regarding
PCO. In this context, it is pertinent to mention the study by Santos et al. [16], which
evaluated 112 traumatized teeth over a 9-year follow-up period, finding no association
between PCO and secondary pulp necrosis. The study cited above supports the notion that
root canal obliteration in deciduous teeth is a phenomenon that does not require endodontic
intervention unless accompanied by suppurative manifestations, as observed in immature
permanent teeth that have undergone dislocation and are evolving towards asymptomatic
PCO [36,37].

In Group 2, non-orthodontic splinting immobilized the traumatized tooth, which
promoted temporary healing without altering its position. As a result, the tooth often
remained in interference with the opposing tooth, leading to continued periodontal micro-
traumas, which resulted in early tooth loss in 18 cases and occasionally led to negative
consequences, such as particularly ectopia, in the permanent dentition. Similar to previous
findings, a strong statistical significance was observed between Group 1 and Group 2 in
this regard. The use of space maintainers could potentially mitigate this phenomenon if the
loss of deciduous teeth occurred significantly distant from the time of dental replacement.
However, this specific issue is beyond the scope of the current investigation.

Regarding the duration of splint maintenance, Group 1 had longer splinting periods
(ranging between 60 and 90 days) compared with Group 2, where the splint was typically re-
moved within 60 days. Given the higher frequency of complications observed in Group 2, it
may be advisable to extend the duration of splinting, particularly in the presence of occlusal
interference. Spinas et al., in a previous scoping review on the treatment of deciduous root
fractures, also emphasized that the recommended average duration of splinting for teeth
with root fractures was between 3 weeks and 3 months, with an average of 6 weeks [12]. In
addition, supporting evidence came from the study by Liu et al. [11], which confirmed that,
in cases of coronal fragment dislocation, it was necessary to reposition the fragment and
extend the splinting duration. In their described case, which involved root fractures in both
primary incisors, the approach consisted of repositioning the displaced coronal fragment
(to reduce occlusal micro-trauma) and subsequent splinting using orthodontic brackets
and stainless-steel wire. In their case, the splinting was maintained for a substantial period
of 3 months, resulting in excellent outcomes and no damage to the permanent central
incisors [11]. Another recent study, by Santos et al. [38], discussed a root fracture in a
maxillary primary incisor treated with elastic splinting (orthodontic wire and composite)
for a prolonged duration of 120 days, with no complications observed in the primary
tooth until the eruption of the subsequent permanent central incisor, which also exhibited
favorable outcomes [38].

However, it is important to note that maintaining a composite material splint alone in
this age range can be challenging due to frequent detachments. As a result, a realistic time
limit for splint duration is around 60 days.
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Regarding the time interval between trauma and splinting, in this study, samples
exhibited considerable variation. In Group 1, the splint was consistently applied more than
two hours after the trauma but before midnight. Notably, the absence of necrosis and the
infrequent occurrence of local complications (early tooth loss) were observed in this group.

Conversely, in Group 2, splinting was often performed within two hours of the trauma.
However, despite the prompt intervention, the present group experienced a higher number
of premature losses among the traumatized elements, indicating that early intervention
alone did not significantly improve the prognosis of teeth affected by root fractures.

Furthermore, in this study atypical resorption of the apical fragment was identified,
which was observed radiographically shortly after the initial trauma in some patients within
the samples [39]. This phenomenon has received limited discussion and investigation in
the scientific literature, as it exhibits distinct characteristics common both to physiological
and pathological resorption.

Atypical root resorption (ARR), also referred to as irregular, lunate, or circumferential
root resorption, manifests as a radiographic finding primarily seen in maxillary central
deciduous incisors. Holan et al. defined it as “superficial resorption” along the lateral
or apical margins of the root (associated with previous dental traumas demonstrating
a peripheral circumferential resorption pattern) and can be classified into four different
patterns: types I, II, III, and IV [37,40].

In the examined sample, the occurrence of apical resorption was observed homo-
geneously among both orthodontically splinted teeth (Group 1) and those instead not
subjected to orthodontic splinting (Group 2). Radiographically, this phenomenon could
be first detected within 6 months of the injury and was typically completed within 12 to
18 months. Therefore, it could be asserted that this type of resorption is characteristic
and pathognomonic of root fractures in deciduous teeth, regardless of the type of splint-
ing employed.

These findings were in line with the retrospective study by Cho et al. [14], which
emphasized that splinting cannot be considered a primary cause of root resorption in
deciduous teeth with root fracture.

Supporting the suggested hypothesis of this present study, the longitudinal obser-
vational study conducted by Nam et al. could be mentioned [39], which involved six
patients with root fractures of maxillary deciduous incisors. In all six cases, regardless of
the treatment approach chosen, this type of root resorption occurred without any associated
pulp pathology, leading the authors to confirm that ARR represented a distinct healing
process in deciduous root fractures that could be observed in long-term follow-up.

Statistical analysis further reinforced that the occurrence of this resorption event did
not significantly differ between the two groups, affirming the authors’ hypothesis that ARR
still transpired irrespective of the type of splinting employed.

Furthermore, another notable case, reported by Di Giorgio et al. [41], highlighted the
combined conservative management of extrusion and root fracture in a maxillary deciduous
central incisor that exhibited root resorption in the apical fragment characteristic of ARR
after 12 months.

Lastly, a recent scoping review conducted by Spinas et al. [12], analyzing eight arti-
cles involving a total of 46 patients and 62 deciduous maxillary root fractures, showed
that ARR appeared to be a physiological phenomenon regardless of the treatment modal-
ity employed.

6. Conclusions

In conclusion, the authors suggest that the treatment of root fractures in deciduous
teeth can be improved by utilizing orthodontic splints, which help minimize occlusal
micro-traumas.

This approach also reduces the risk of premature tooth loss and has positive implica-
tions for the development of permanent dentition.

It is finally important to underline that:
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- Early resorption of the distal fragment of the fractured root is a common and non-
pathological healing phenomenon in primary teeth, typically occurring within one
year of the trauma;

- PCO in primary teeth does not require endodontic treatment unless accompanied by
acute symptoms as suppurative manifestations.

However, there are still unanswered questions regarding pulpal responses and other
aspects of these traumatic events. Further research is necessary to enhance clinicians’
knowledge and to improve treatment outcomes, with the ultimate goal of preventing
unnecessary tooth loss in young patients.
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