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Abstract: Root dilaceration (DL) has a significant impact on orthodontic treatment. However, its
etiology is still debatable. One of the etiologic factors of DL is the dentigerous cyst (DC); therefore,
the aim of our case-series clinical study was the association between DL and DCs. This retrospective
study is comprised of five clinical cases of DL associated with the presence of DCs of developmental
origin. In all of these cases, other dental anomalies (impaction, transposition, supernumerary teeth,
and congenitally missing teeth) were found, and accordingly, the association between DL and DCs
might be of genetic origin in a dental anomaly pattern.
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1. Introduction

Root dilaceration (DL) is a dental anomaly that has been defined in various ways over
time, depending on the criteria set by different authors. The term dilaceration (DL) was
first used by Tomes in 1848, and according to the glossary of dental terms, DL is defined as
the deformity of a tooth due to a disturbance between the mineralized and unmineralized
portions of the developing tooth germ [1,2]. Its most concise definition describes DL as an
angulation, deviation, or sharp bend of either the crown or root axis, differentiating it from
smooth curvatures of the root, also known as flexion [3,4].

The criteria for acknowledging DL vary in the literature. According to Hamasha et al.,
a tooth is considered to have a DL toward the mesial or distal direction if there is a 90-degree
angle or more along the axis of the tooth or root [5]. Chohayeb et al. consider that DL is
present when there is a deviation of 20 degrees or more of the apical part of the root to the
normal axis of the tooth or root [6]. Root angulation (“sickle” incisor) is distinguished from
DL as it denotes a curvature of the root resulting from a gradual change in the direction of
root development without any evidence of abrupt displacement of the tooth germ during
odontogenesis [4,7,8]. Becker has described this condition as “classic” dilaceration [9].

DL can be seen in both permanent and deciduous dentitions, but the incidence in the
latter one is significantly lower [10–12]. Some researchers reported that the prevalence of
DL is higher in posterior teeth and the maxilla, with fewer occurrences among anterior teeth
and in the mandible [5]. Bilaterally occurring DL in the same jaw might be seen in many
patients, but bilateral DL in both the maxilla and mandible is rarely found [13–15]. Most
publications concerning DL are case reports, and only a few have reported the prevalence of
DL [5,6,10,13,14,16–35]. Although any tooth may be affected by DL, there is no consistency
between the most and least affected teeth reported with this anomaly [11].
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DL might occur anywhere along the length of the tooth, such as within the crown,
at the cemento-enamel junction, along the long axis of the root, or just at the root apex,
depending on the extent of root that was formed at the time of injury [3]. There is no sex
predilection regarding the DL of the teeth [36].

Without the consensus of the researchers, the etiology of DL is not fully understood.
There are two main explanations for the causes of DL. The most widely accepted cause
is trauma, an acute mechanical injury to the primary predecessor tooth, which leads to
the DL of the underlying developing succedaneous permanent tooth. The calcified part
of the permanent tooth germ is shifted in such a manner that the rest, the noncalcified
part of the tooth germ, forms an angle to it [18–20,37–40]). Despite the high prevalence of
traumatic injuries in primary dentition (ranging from 11–30%), the incidence of dilacerated
permanent teeth is minimal because most of the traumatic injuries do not damage the
permanent tooth [37,41]. Hence, traumatic injuries to the primary dentition are unlikely
to account for all cases of DL, the high-risk injuries being those that reduce the intrabony
space for permanent tooth development (i.e., intrusion, ankylosed primary tooth after
trauma). An idiopathic developmental disturbance is proposed as another possible cause
in cases without clear evidence of traumatic injury [7,18,21].

Dentigerous cyst DC (follicular cyst) is the second most prevalent epithelial-lined
developmental odontogenic cyst, associated with partially erupted, developing, or im-
pacted teeth [42–44]. It is formed due to an alteration in the reduced epithelium, by the
accumulation of fluid between the reduced epithelium and the crown of an unerupted
tooth. With a relative incidence among all three types of jaw cysts, it most commonly
involves the mandibular third molar, followed by the maxillary canine and the maxillary
third molar [45,46]. There is also a dentigerous cyst of inflammatory origin, accompanying
an immature tooth, caused by the inflammation from a non-vital deciduous tooth in the
mixed dentition, involving especially mandibular premolars [47].

Generally, DCs are unicystic and solitary, rarely bilateral or multiple in different areas
of the jaws [43,48]. Diagnosed unexpectedly (most frequently being asymptomatic) by
an X-ray exam, DC appears radiographically as a unilocular radiolucent area around the
crown of an impacted tooth surrounded by a well-defined sclerotic area [49,50]. The new
3D imaging, CBCT, brings the great advantage of accurate evaluation of the size, shape,
and structure of DC for a differential diagnosis. The most important objective of the
treatment of DC is saving the impacted teeth, which depends on the depth and position of
the impacted tooth [51–53].

As stated previously, DC can cause root dilacerations, but to our knowledge, there is no
study about this association as the literature is limited to case reports [54–56]. Accordingly,
our study aims to assess the association between dilaceration and dentigerous cyst as an
etiologic factor through a clinical case series, as this association is scarcely discussed in
the literature.

2. Materials and Methods

This retrospective case series study was performed on five patients (two females and
three males) from a private practice aged between 8 and 10 years old. In accordance with
the Helsinki Declaration of 1975, as revised in 2008, informed consent was asked of all
patients for their participation in the study. The patients had sought orthodontic treatment,
either for different reasons and the cyst, and subsequently, the root DL were detected at
the routine X-ray exam or for the absence of a permanent tooth that must have erupted
at that age. The inclusion criteria were the presence of root DL of at least one tooth and
a DC of developmental origin, including the dilacerated tooth or another tooth nearby.
The exclusion criteria were as follows: syndromic patients, other types of cysts, history
of trauma, and previous orthodontic treatment. All types of dilacerations were included,
as described in the introduction.

Both DLs and DCs were initially detected and diagnosed by an X-ray exam, especially
panoramic X-ray, while differential diagnosis and more precise details were obtained with
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the aid of CBCT using the VGI Evo scanner (NewTom, Verona, Italy) with a field of view
(FOV) of 15 × 12 cm.

The treatment objective for DC in all cases was to preserve the cyst-associated tooth
and to marsupialise the cyst with or without orthodontic traction of the tooth. The use of
orthodontic traction depends on the size of the cyst, the position of the tooth, tooth depth,
and stage of root development [57].

The study aimed to assess the cause–effect relationship between DCs and root DLs.
Case 1
A girl aged ten was brought by her parents for orthodontic treatment due to aesthetic

reasons. She was in average mixed dentition with all first premolars intraorally, except for
the upper right one, where the deciduous molars presented caries and massive coronal
destructions, which might be the causes of the delayed eruption of the first premolar.

At a routine X-ray exam, it was noted that the right upper canine with a DC was in
a very high position in the bone, mesially inclined, in transposition with the upper first
premolar and in closed contact with its apical half of the root, which was already dilacerated,
with a mesioangulation (Figure 1a). This position could be a risk factor for canine impaction.
Because of the lack of space and crowding, after the extraction of right deciduous molars
(to facilitate the eruption of the premolars), the first step of the treatment plan was maxillary
expansion, which could have also been a preventive method of canine impaction.
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Figure 1. (a) Initial panoramic X-ray showing the upper right canine in a very high position and
transposition with the first premolar. (b,c) Different types of root DL affecting right premolars.
No improvement regarding the position of the right canine after maxillary expansion. (d) The upper
left second premolar also has a root DL.

After maxillary expansion, the first premolar partially erupted, but the second one
was impacted due to the lack of space and both distally inclined and completely formed
roots. The roots of the premolars had different types of DLs, from a slight flexion of the
second premolar’s root to a true dilacerated root of the first premolar. The canine remained
in the same position while the DC was still growing (Figure 1b).

To obtain more space for upper premolars and canines, the patient wore a low pull
headgear to distalize the upper first molar and then fixed appliances to fulfil the objective
of the orthodontic treatment. Because the canine did not change its position (Figure 1c),
marsupialization of the cyst was tried, and consequently, the canine started to erupt
between the roots of the first premolar. At this moment, it has been decided to incline the
roots of the first premolar distally to prevent root resorption by the canine.

Regarding the cause–effect association between DC and root DL, in this case, DC
could be the cause of root DL (taking into consideration the initial high and mesioinclined
position of the canine, in transposition with the first premolar, along with its DC that had
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continued to grow, in closed contact with the apical half of the first premolar root, the DLs
of first premolar root as the flexion of the second premolar root). This could be explained
by the pressure applied by the cyst on that area of dense bone structure. The last panoramic
X-ray (Figure 1d) showed a root DL of the second upper left premolar. Thus, the DL could
have another cause, namely a genetic one, as a dental anomaly pattern (DAP) or associated
dental anomaly (ADA), in which many dental anomalies coexist, as in this case, the canine
impaction, transposition, DC, and root DL. The root DL of the impacted canine could also
be seen on the CBCT (Figure 2a,b).

Appl. Sci. 2022, 12, x FOR PEER REVIEW 4 of 13 
 

between the roots of the first premolar. At this moment, it has been decided to incline the 
roots of the first premolar distally to prevent root resorption by the canine.  

Regarding the cause–effect association between DC and root DL, in this case, DC 
could be the cause of root DL (taking into consideration the initial high and mesioinclined 
position of the canine, in transposition with the first premolar, along with its DC that had 
continued to grow, in closed contact with the apical half of the first premolar root, the DLs 
of first premolar root as the flexion of the second premolar root). This could be explained 
by the pressure applied by the cyst on that area of dense bone structure. The last pano-
ramic X-ray (Figure 1d) showed a root DL of the second upper left premolar. Thus, the DL 
could have another cause, namely a genetic one, as a dental anomaly pattern (DAP) or 
associated dental anomaly (ADA), in which many dental anomalies coexist, as in this case, 
the canine impaction, transposition, DC, and root DL. The root DL of the impacted canine 
could also be seen on the CBCT (Figure 2a,b). 

  
(a) (b) 

Figure 2. (a) The right maxillary canine also has a root DL, presenting a “hook” bend towards the 
mesial in the apical third of the root. (b) “Bull’s eye” phenomena highlighted in the sagittal section. 

Case 2 
A 10-year-old boy sought orthodontic treatment for esthetic reasons due to the ab-

sence of the upper left central incisor, and malalignment of upper front teeth, and was 
without a history of trauma. The patient had permanent dentition with the persistence of 
the right deciduous canine and left lateral incisors, macrodontia and class 1 Angle maloc-
clusion. A panoramic X-ray revealed the impaction of the left central incisor due to a su-
pernumerary impacted tooth blocking the eruption path of the central incisor. A DC was 
associated with the impacted left upper incisor, and its root was not in the axis of the 
crown. The space for the upper left canine was closed because the lateral incisor was dis-
placed in a distal position by the supernumerary tooth, the canine bulging buccally (Fig-
ure 3a). 

  
(a) (b) 

Figure 3. (a) Impacted upper left central incisor blocked by a DC surrounding its crown and a su-
pernumerary tooth. (b) Abnormal shape of the canine, root DL of the upper left central incisor, and 
a new tooth bud developing in the lower arch. 

The objective of the orthodontic treatment was to preserve all the permanent teeth, 
as the replacement of any frontal teeth is very challenging despite the successful tech-
niques in periodontology and implantology. The treatment started with surgery, 

Figure 2. (a) The right maxillary canine also has a root DL, presenting a “hook” bend towards the
mesial in the apical third of the root. (b) “Bull’s eye” phenomena highlighted in the sagittal section.

Case 2
A 10-year-old boy sought orthodontic treatment for esthetic reasons due to the absence

of the upper left central incisor, and malalignment of upper front teeth, and was without a
history of trauma. The patient had permanent dentition with the persistence of the right
deciduous canine and left lateral incisors, macrodontia and class 1 Angle malocclusion.
A panoramic X-ray revealed the impaction of the left central incisor due to a supernumerary
impacted tooth blocking the eruption path of the central incisor. A DC was associated with
the impacted left upper incisor, and its root was not in the axis of the crown. The space
for the upper left canine was closed because the lateral incisor was displaced in a distal
position by the supernumerary tooth, the canine bulging buccally (Figure 3a).
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Figure 3. (a) Impacted upper left central incisor blocked by a DC surrounding its crown and a
supernumerary tooth. (b) Abnormal shape of the canine, root DL of the upper left central incisor, and
a new tooth bud developing in the lower arch.

The objective of the orthodontic treatment was to preserve all the permanent teeth,
as the replacement of any frontal teeth is very challenging despite the successful techniques
in periodontology and implantology. The treatment started with surgery, including extrac-
tion of the supernumerary tooth and marsupialization of its DCs. A removable appliance
was worn to maintain the space and eventually for orthodontic traction of the impacted
teeth. The eruption process of the central incisor was monitored periodically by X-ray
exams, and it was found that the central incisor erupted very slowly, with a tendency for
impaction, and the decision was made to apply orthodontic traction to bring it into the
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oral cavity. At the same time, the canine changed its eruption path in a mesial direction,
in transposition with the lateral incisor. The abnormal shape of the canine, with a big
cingulum, like a supernumerary cusp, root DL of the central incisors and a new tooth bud
between left mandibular premolars (Figure 3b), could be seen on the panoramic X-ray. In
this clinical case, the root DL was seen only in the impacted central incisor associated with
the DC, and the cause of DL could be the lack of space for the root to develop in a normal
direction. This case is another case of dental anomaly pattern (DAP) or associated dental
anomaly (ADA)—macrodontia, impaction, supernumerary teeth, DL and DC, transposition,
an early eruption of permanent teeth, and DL might also have a genetic origin.

Case 3
A 10-and-a-half-year-old girl was referred by her dentist after unexpectedly finding

two big DCs associated with the mandibular premolars on an X-ray. The patient had a
severe class II div 1 malocclusion, being a thumb-sucker, and an early mixed dentition
due to a delayed eruption. All mandibular deciduous molars had fillings and root canal
treatments that could advocate for DCs of inflammatory origin. The panoramic X-ray
revealed on the right side a DC, associated with the second premolar, and on the left side
both premolars are included in another DC, which was bilocular (Figure 4a). The first left
premolar was in a horizontal position with the crown facing labially and root lingually
(Figure 4b). The eruption of the left lateral incisor and canine was blocked by the lack of
space, due to a supernumerary erupted mandibular incisor.
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Figure 4. (a) Initial panoramic X-ray revealed large DCs on both sides of the mandible. (b) CBCT
image showing the labiolingual orientation of the lower left first and second premolars. (c) CBCT
showing root DL of the left first premolar.

A lingual arch was placed to maintain the position of the first mandibular molars.
Extraction of deciduous mandibular molars and the marsupialization of the cysts were
performed. After surgery, all impacted teeth started their eruption in an appropriate
position. Although the left first premolar changed its position to a normal one, there was
not enough space for its eruption in addition to having a root DL (Figure 4c).

The left lateral incisors and canine also had small degrees of root DL. As was stated
previously, the cause of the DCs could be the pulp infection of the deciduous molars, but
there were differences between the two DCs and local conditions. The right DC was of
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inflammatory origins, and after the marsupialization, the premolar started to erupt in its
normal position. On the left side, the cyst is bilocular, and the inflammatory origin could
not be the only etiological factor. There are also other dental anomalies, supernumerary
teeth, and the different degrees of root DL affect not only the tooth associated with the DC
but also other teeth from that area. This clinical case is a DAP case.

Case 4
A 9-year-old boy came for orthodontic treatment because of the protrusion of his

upper incisors. A trainer was recommended for him, but he could not manage it. The
patient had a class II div 1 Angle malocclusion, mixed dentition with a delayed eruption of
the permanent teeth, and the absence of the first mandibular molars. On the panoramic
X-ray, it was noted that the rest of the permanent teeth on the right side (including the
third molars), the first and second mandibular molars were impacted and associated with a
sizeable DC, with the development of the roots delayed, and the first molar was dilacerated.
On the left side, the situation was almost the same, with both the first and second molars
being impacted and associated with DC. The roots of the molars were in an early stage
of development, uncorrelated with the patient’s age (Figure 5a). As in all previous cases,
the treatment objective regarding the DC-associated impacted teeth was to try to preserve
the teeth. Therefore, the cyst’s marsupialization was done, followed by monitoring of the
patients. Six months later, although the first permanent molars started to erupt slowly,
orthodontic traction from a bonded attachment was applied to bring the teeth intraorally
(Figure 5b). The DC of the left second molar continued to grow, blocking the molar’s
eruption and the development of its roots. On the right side, the second molar became
more horizontally positioned in the bone under the crown of the first molar. We decided on
another marsupialization of the cyst-associated second left molar and extraction of both
mandibular third molars. After four months, the left second molar was erupting in an
optimal vertical position. The right second molar was still almost horizontally impacted,
without any bony defect, due to DC (Figure 5c). At that moment, both first mandibular
molars were in the oral cavity, well aligned in the lower arch, but not in the appropriate one,
because of the roots DL. There was also a slight root flexion of the right mandibular canine.
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Figure 5. (a) Bilateral impaction of lower first and second molars associated with DCs. All four mo-
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Figure 5. (a) Bilateral impaction of lower first and second molars associated with DCs. All four molars
presenting abnormal root development, uncorrelated with the age of the patient. (b) Orthodontic
traction applied from a lingual arch to aid the eruption of the lower first molars. (c) Progress records
at four months after the removal of both mandibular third molars.

The aforementioned is a rare case of bilateral mandibular DC-associated first and
second molars, impaction, and root DL of the first molar. The DCs could be the cause of a
root DL because the tooth did not erupt, and the roots were constrained to develop in a
closed area of dense bone. Another factor that could determine the first molar’s root DL
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was the pressure applied by DCs of the second molar’s and probably the third molar’s
buds. Because the root DL also affected the canine, it could also be considered the genetic
etiology of root DL in a DAP patient.

Case 5
An 8-year-old boy was brought by his parents for a second opinion. His parents’

concern was the absence of the upper right incisors. He would have been wearing a
removable appliance for maxillary expansion, but he could not accept it. The patient had
a class III Angle malocclusion and a delayed mixed dentition without central and lateral
upper right incisors. The panoramic X-ray showed that the upper right central incisor was
impacted in a very high position, almost horizontally, with the root in the palatal bone.
There was also a congenitally missing lateral incisor and a supernumerary tooth, partially
below the central incisor. The CBCT also revealed a DC-associated upper central incisor
(Figure 6a).
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Figure 6. (a) Impaction of the central incisor, congenitally missing lateral incisor, and a supernumerary
tooth were noticed on the initial panoramic X-ray and CBCT. (b) Panoramic X-ray showing the root
DL of all the incisors. (c) CBCT—upper right impacted canine presenting a DC.

Along with the supernumerary tooth extraction, the marsupialization of the DC was
performed, and the central incisor started its eruption. After a while, a second surgical
intervention was done to bond an attachment for orthodontic traction of the central incisor,
which had an abnormal mesiodistal width—gigantism. Because of its size, the space
for the missing right lateral incisor was closed, and there was not enough space for the
canine, which remained impacted, included in a DC. The new panoramic X-ray showed
the root DL of all the incisors, being more evident on the left side (Figure 6b). For the
left central incisor, the root DL could be explained by the closed contact of DC-associated
right central incisor DC with its root at different vertical levels, as seen on the CBCT. For
establishing the treatment plan, the long-term prognosis of the right canine had to be taken
into consideration with the aid of a new CBCT. It was noted on the CBCT that the canine
is impacted, included in a bigger DC than initially seen, and with root DL (Figure 6c).
The case described above was a DAP of genetic origin, impaction of the central incisor,
congenitally missing lateral incisor associated with canine impaction, and DCs including
impacted teeth. The root DL of the incisors and right canine could be caused in this case
not only by DC and deep impaction of the central incisors, but also by genetic causes.
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3. Results

Table 1 summarizes the radiological findings of each case, which are the basis for
diagnosing DC and DL.

Table 1. Summary of the radiological findings of the cases described above—the association between
DL and other dental anomalies of genetic origin.

Case
Number Summary of X-ray Findings

Case 1

• Impacted upper right canine.
• Right upper canine with a DC, in transposition with the upper first

premolar and in closed contact with its apical half of the root.
• The roots of the premolars had different types of DLs, from a slight

flexion of the second premolar’s root to a true dilacerated root of the
first premolar.

• The DC was continually growing.
• Root DL of the second upper left premolar.

Case 2

• Impacted left central incisor.
• Impacted supernumerary tooth.
• Impacted upper left canine.
• Macrodontia.
• A DC was associated with the impacted left central incisor and its root

was not in the axis of the crown.
• Root DL of the left central incisors.
• Abnormal shape of the canine, with a big cingulum, like a

supernumerary cusp.
• A new tooth bud between the left mandibular premolars.

Case 3

• Two big DCs associated with the mandibular premolars.
• Right side a DC-associated with the second premolar.
• Left side, both premolars are included in another DC, which

was bilocular.
• The first left premolar was in a horizontal position with the crown facing

labially and root lingually.
• The eruption of the left lateral incisor and canine was blocked by the lack

of space, due to a supernumerary erupted mandibular incisor.
• All mandibular deciduous molars had fillings and root canal treatments

that could advocate for DCs of inflammatory origin.
• Although the left first premolar changed its position to a normal one,

there was not enough space for its eruption, in addition to having a
root DL.

• The left lateral incisors and canine also had small degrees of root DL.
• There were differences between the two DCs and local conditions.
• That right DC is of inflammatory origin, and after the marsupialization,

the premolar started to erupt in its normal position.
• On the left side, the cyst is bilocular, and the inflammatory origin could

not be the only etiological factor.
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Table 1. Cont.

Case
Number Summary of X-ray Findings

Case 4

• On the right side, the first and second mandibular molars (including the
third molars) were impacted and associated with a sizeable DC, with the
development of the roots delayed and the first molar being dilacerated.

• On the left side, the situation was almost the same, with both the first and
second molars being impacted and associated with DC.

• The DC of the left second molar continued to grow, blocking the molar’s
eruption and the development of its roots.

• At that moment, both first mandibular molars were in the oral cavity,
well aligned in the lower arch, but not in the appropriate one, because of
the roots’ DL.

• Impaction and root DL of the right/left first molar.
• The DCs could be the cause of root DL because the tooth did not erupt,

and the roots were constrained to develop in a closed area of dense bone.
• Another factor that could determine the first molar’s root DL was the

pressure applied by DCs of the second molar’s and likely the third
molar’s buds.

Case 5

• The upper right central incisor was impacted in a very high position,
almost horizontally, with the root in the palatal bone.

• DC-associated upper right central incisor.
• Congenitally missing lateral incisor and a supernumerary tooth,

partially below the central incisor.
• Because of the gigantism of the central incisor, the space for the missing

right lateral incisor was closed, and there was not enough space for the
canine, which remained impacted, included in a DC.

• Root DL of all the incisors, being more evident on the left side.
• For the left central incisor, the root DL could be explained by the closed

contact of the DC-associated right central incisor, with its root at different
vertical levels seen on the CBCT.

The right canine is impacted, included in a bigger DC than initially seen and
with root DL.

Table 2 shows the cases where the DLs could be caused by DCs, due to their proximity.
A “Y” indicates the presence of both DL and DC in the same area, either situated on the
same arch or on both arches but close to each other.

Table 2. Association between DCs and DLs.

Case No./Position of
DLs or DCs

1 Right
DL

1 Left
DL 2 3 Right

DC
3 Left

DC
4 Right

DC
4 Left

DC
5 Right

DL
5 Left

DL

DL Y Y Y N Y Y Y Y Y
DC Y N Y Y Y Y Y Y Y 1

Legend: “No.”: number; “DL”: root dilaceration; “DC”: dentigerous cyst; “Y”: yes; “N”: no. 1 In case 5, although
the DCs are situated in the right quadrant, the left central incisor is close to the DC of the right central incisor,
therefore, in the table, a “Y” signals an association between the DL in the left quadrant and the DC in the
right quadrant.

4. Discussion

Although DL and DCs have been reported in the literature, mainly as case reports,
the cause–effect relationship between has scarcely been debated. Root DL is of great
importance to orthodontics because dilacerated roots are harder to move orthodontically,
have a higher risk of tooth impaction and root resorption, and impede the favorable
insertion of miniscrews [58].

The cause of DL is still unknown, but many theories have been proposed, one of them
being DC-associated with the dilacerated tooth or in closed contact with it. The purpose of
the case series retrospective stud was to analyze if the DCs could be the single cause of root



Appl. Sci. 2022, 12, 9854 10 of 13

DLs. The patients included in this study were randomly selected, excluding patients with
trauma or syndromic origin as etiology.

Generally, both tooth DL and DCs are diagnosed unexpectedly at a routine X-ray
exam. Therefore, a detailed 3D imaging investigation, CBCT, is mandatory to establish the
appropriate treatment plan and reduce the severity of the case. Accordingly, all the patients
included in the study underwent panoramic X-rays and CBCTs.

In accordance with other studies, in the present case series study, DL had no sex
predilection, occurred anywhere along the length of the root, and affected any teeth [36].
A recent study showed that root DLs in incisors, canines, and premolars are most common
in the apical third of the roots. DL within the middle third of the root is more frequent
in molars, whereas DL within the coronal third of the root is most commonly seen in
third molars [16]. Crown DLs are less common than root DLs, and they usually occur in
maxillary permanent incisors because of their proximity to primary incisors [23,24]. Our
findings have shown that in cases where the DL occurred in the cyst-associated tooth, the
middle or coronal third of the root is affected (cases 3 and 5). In one of five cases, bilateral
DL occurs in mandibular first molars.

Without a consensus among researchers, the etiology of DL is not fully understood,
thus many etiologic factors are considered, such as trauma, scar formation, a develop-
mental anomaly of the primary tooth germ, facial clefting, advanced root canal infec-
tions, ectopic development of the tooth germ, lack of space, and the effect of anatomic
structures (cortical bone of the maxillary sinus, mandibular canal, or nasal fossa), which
might deflect the epithelial diaphragm, presence of an adjacent cyst, tumor, or odonto-
genic hamartoma, mechanical interference with the eruption from an ankylosed primary
tooth that does not resorb, tooth transplantation, extraction of primary teeth, and genetic
factors [7,12,15–17,21,23,58–67]. The involvement of the genetic factor can also be enhanced
by the fact that the identification of the master genes, from the gene regulatory system, re-
sponsible for induction and tooth regeneration should be taken into consideration to obtain
an appropriate architectural design of a bioengineered tooth [68]. There is also another
hypothesis regarding DL etiology affecting the middle and apical part of the root–tooth
root dilacerations due to the bone gradients of plasticity present in alveolar bone, which
could be affected by the rate of eruption, jaw rotation, length of the root, length of the
eruption path, delayed eruption, transverse uprighting of molar teeth during eruption, and
root resorption [45,55].

The present study aimed to find if the presence of DC, mentioned in the literature as
an etiologic factor, could be the single cause of tooth DL. The results show that in all five
cases, the presence of a DC is associated with root DLs either in the adjacent teeth or in
the cyst-associated tooth. Consequently, DC could be considered the cause of DL. In all of
these clinical situations, there was a lack of space in the affected area caused by another
etiologic factor, such as a supernumerary tooth, impaction of an adjacent tooth, or a delayed
eruption. Bone density should also be taken into consideration as another etiologic factor
(cases 3 and 4), together with jaw rotation (5), closed proximity of different anatomical
structures (sinus-case 1; nasal cavity-case2,5) and length of the eruption path (case 1).
At least one of the following dental anomalies was noted in every case: supernumerary
tooth, transposition, impaction, congenitally missing tooth, delayed eruption, and in cases
1, 3 and 4, root DLs also affected other teeth away from the area of the DC-associated tooth.
Thus, another etiologic factor could be the genetic origin of DL.

While considering the limitations of the present case series study, it could be stated
that except for trauma, the etiology of DC is multifactorial, and associated with dental
anomaly patterns of a genetic origin. DC could cause tooth DL in association with other
local or genetic factors.

As a dental anomaly pattern, early treatment for DLs is important to reduce the
complexity of the treatment and save the teeth. Sometimes classic DC coexists with other
serious conditions, such as keratocyst or ameloblastoma. DCs may have a multilocular
aspect, probably due to their growth in different density areas [50,51]. For particular cases,
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a histological exam is mandatory for differential diagnosis and should be considered for
choosing the treatment modality, such as marsupialization or cystectomy (cyst enucleation).

The main objective of the treatment of DC should be the preservation of the tooth
associated with DC (a conservative treatment), which also depends on the depth of the
impaction, the position of the impacted tooth, and to reduce, if possible, the severity of the
tooth DLs because of the consequences of root DL, not only for orthodontic treatment but
also for endodontic and surgical treatments [52,53]. Initially, in all cases from our study,
marsupialization of the DC was performed, followed by spontaneous eruption of the tooth
or orthodontic traction, as was described for each clinical case.

5. Conclusions

In conclusion, despite the limitations of this study, the association of DC and root DL
might be of genetic origins within dental anomaly patterns.
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