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Eruption disturbances can be broadly classified as disturbances related to time and disturbances related to
position. Time related disturbances include premature eruption, delayed eruption or impactions. A common
feature of these is a significant deviation in eruption time within the established norms for a particular age,
sex, race or ethnicity. Although root development represents the fundamental biologic parameter for tooth
eruption, chronological age at presentation is used as the first criteria in the establishment of the diagnosis
of prematurity or a delay in eruption. Eruption disturbances related to position include ectopic eruption and
transpositions. Positional deviations too can cause a delay in eruption time, however, more commonly the
involved tooth erupts within the expected time frame with an abnormality in position. The focus of this paper
is to present a systematic review of the literature including classification, etiology and treatment modalities
available for eruption disturbances of the maxillary incisors.
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INTRODUCTION
he maxillary incisors and canines, often referred to as
I the ‘social six’, are the most prominent teeth in an
individual’s smile. They are also the teeth that are on
maximum display during speech in most individuals. The
normal eruption, position and morphology of these teeth are
crucial to facial esthetics and phonetics. The clinician is
often faced with challenging situations where deviations
from the normal eruption sequence, position or abnormali-
ties in morphology are observed. Deviations in eruption of
the incisors are a frequent clinical presentation. Since erup-
tion has a strong influence on the craniofacial development
and incisors are amongst the first teeth to erupt in both the
primary and permanent dentition, eruption disturbances of
the incisors can be a harbinger of a local or systemic condi-
tion. It is essential that the clinician have a thorough knowl-
edge of these eruption disturbances in order to make an
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appropriate, as well as timely, intervention for adequate
treatment.

PREMATURE ERUPTION
Several authors'-'>"* have formulated time tables of the erup-
tion of all teeth based on age, sexual, racial and ethnic

denominators and a wide range of variations have been

reported. The primary maxillary incisors erupt approxi-
mately between the ages of six and nine months and the per-
manent incisors erupt in the range of six to eight years.
Occasionally, the incisors may erupt prematurely from these

established norms. Several terms for prematurely erupted

primary teeth have been used in the literature, including con-
genital teeth, fetal teeth, predecidual teeth, and dentia prae-
cox. A further distinction has also been made between the
natal and neonatal teeth, both of which are prematurely
erupted primary incisors. Natal teeth are those that are pre-

sent in the oral cavity at birth. Neonatal teeth, on the other

hand, are those that erupt in the first thirty days of life.’
Prevalence (Table 2) ranges from 1:716 births to 1:30,000
births, and 11% are maxillary incisors.>**** It is also possi-
ble for the permanent incisors to erupt prematurely. This
condition causes minimum problems and thus has not been
described in the literature.

Etiopathogenesis
The etiology of natal and neonatal teeth is not known, how-

ever literature suggests that superficial position of the tooth

germ,'” febrile states,'” infection or malnutrition,' hypovita-
minosis,” trauma,’ pyelitis,” syphilis,” autosomal dominant
gene,'” precocious bone remodeling around the tooth germ,'’

and hormonal stimulation may play a role.*** Neonatal and
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Figure 1.

natal teeth lead to a variety of complications. They often
elicit pain resulting in the child refusing to nurse. Enamel
spurs or sharp incisal edges may cause ulceration of the
tongue. Prematurely erupted mandibular incisors causing
ulceration to the ventral surface of the tongue is known as
Riga-Fede disease.® Trauma may also occur as a result of
sharp edges on maxillary incisors. The teeth often exhibit
hypermobility due to the fact that there is no root formation
or bony attachment. The tooth is attached only at the cervi-
cal gingival. There is a risk that the child may swallow the
teeth or they may be aspirated.*

Table 1. Eruption disturbances of the maxillary incisors

Premature eruption
Natal teeth
Neonatal teeth
Delayed Eruption / Impaction
Supernumerary teeth
Trauma/dilacerations
Congenitally displaced incisor
Ectopic development
Cysts/tumors
Over retained primary teeth
Dense mucoperiostium
Tooth agenesis
Syndromes
Lack of space
Ankylosis
Abnormal morphology
Ectopic Eruption
Transposition
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Treatment

When formulating a treatment plan for prematurely erupted
incisors, many factors must be taken into consideration.
These include implantation and degree of mobility, inconve-
niences during suckling, possibility of traumatic injury, and
whether the tooth is a part of the normal dentition or is a
supernumerary. The maintenance of these teeth in the oral
cavity is usually the preferred treatment option, as long as
they are not causing difficulty to the infant or the mother.
Their removal should only be indicated when they interfere
with feeding or when they are highly mobile and pose a risk
for aspiration. Riga-fede or trauma is not an absolute reason
for extraction. Smoothing down any sharp edges on the tooth
can often relieve these conditions. Natal and neonatal teeth
that remain in the oral cavity beyond four months of age
have a good prognosis.'? If extraction is the determined
course of treatment, it must be followed by curettage of the
socket. Careful curettage has been recommended to elimi-
nate any cells of the dental papilla or Hertwig’s root sheath
that were detached from the calcified tooth structure during
extraction. If these cells remain in the alveolus, they may
continue to develop into a tooth-like structure, and may
result in an alveolar abscess.?

Although it is more common for primary teeth to erupt
prematurely, premature eruption of permanent teeth has also
been documented. The Klippel-Trenaunay syndrome is a
triad of congenital anomalies characterized by heman-
giomas, varicosities, and unilateral bony and soft tissue
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Table 2. Prevalence of natal and neonatal teeth reported in the literature

STUDY Prevalence Sample Size Sample Population

Leung (1986) * 1:3392 50,892 Infants born at the Foothills Provincial Hospital, Calgary,
Alberta, Canada,

Rusmah (1991) “ 1:2325 9,600 Malaysian infants

To (1991) ® 1:1118 53,678 Babies born between January 1984 and December 1988 at
Queen Elizabeth Hospital, Hong Kong

Almeida & Gomide (1996) ® 1:21.6 1,019 Cleft lip and palate patients, less than 3 months old

Table 3. Prevalence of unerupted or impacted maxillary permanent incisors as reported in the literature

Tooth
STUDY Sample Size Sample Population
Maxillary Maxillary
Central Incisor Lateral Incisor
Grover and Lorton (1985)" 0.03% 0.02% 5,000 United States Army recruits ages
17-26
Mead (1930)™ 1.96% 0.40% 6,389 Skull analysis of several different
races and ages
Kramer and Williams (1970)* 0.96% 0.03% 3,745 Oral Surgery patients at Harlem
Hospital, New York

Table 4. Cases of delayed eruption in the presence of supernumerary teeth

STUDY Percentage of Cases Sample Size Sample Population
with Delayed Eruption

Gardiner (1961) 28% 100 Orthodontic patients at Sheffield Dental School,
England

Day (1964) # 39% 80 Oral Surgery patients at Eastman Dental Hospi-
tal, England

Howard (1966) 60% 70 Orthodontic patients at King’s College Hospital,
England

Tay, Pang, Yuen (1984) # 26% 204 Hong Kong schoolchildren ages 6.0-9.5 years
(mean 7.7 years) 172 males and 32 female

Zilberman, Marlon, Shteyer (1992) * 52% 100 Jerusalem schoolchildren ages <4 - >10,
72 males and 28 females

hypertrophy. In this syndrome, premature eruption of per-
manent teeth on the affected side is often seen.’ It is also sug-
gested in the literature that premature extraction or loss of a
primary incisor may lead to premature eruption of the per-
manent successor."

DELAYED ERUPTION / IMPACTION

A significant delay in eruption from the established norms
for various sexes, races and ethnicities has been reported to
be more common than premature eruption. The prevalence
of delayed eruption specifically related to maxillary incisors
can be found in Table 3. !>

Etiopathogenesis

When a patient clinically appears to have delayed eruption of
a maxillary incisor, one must consider the possibility of
complete tooth agenesis of the incisor. This is more common
in the permanent dentition rather than the primary dentition.
Permanent tooth agenesis ranges from 1.6%-9.6%." In the
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primary dentition, tooth agenesis ranges from 0.5%-0.9%."
It is rare for the central incisor to be congenitally missing.”
The prevalence is 0.00-0.01%.'* However, the maxillary lat-
eral incisor is missing 2.2% of the time." It is the second or
third most commonly missing tooth in the dentition.
Research has been conducted in the area of genetics in order
to determine what role hereditary factors play in tooth agen-
esis. It has been found that there is a higher incidence of
tooth agenesis in women and there are more than sixty inher-
ited syndromes associated with tooth agenesis.” Also, it is
hypothesized that the phenotype in affected individuals with
selective tooth agenesis is due to haploinsufficiency.' It
appears that peg laterals reflect incomplete expression of a
gene defect that causes tooth agenesis and unilateral agene-
sis may be a result of reduced penetrance."

Literature reveals several causes of failure or delayed
eruption of maxillary incisors. The most commonly reported
cause of eruption delay of the maxillary incisors is the pres-
ence of a supernumerary tooth. *'7'*" The prevalence of
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supernumerary teeth varies among the different racial and
ethnic groups.”®*'**2* (Table 4.) In the Caucasian popula-
tion, the prevalence is between 1-3%. Of these, 90-98%
occur in the premaxilla. Asians have a slightly higher fre-
quency of supernumerary teeth, which is greater than 3%.%
Black children have a prevalence of supernumerary teeth of
0.42%, while children of Hispanic descent were found to
have a prevalence of 5.6%.” The prevalence of supernumer-
ary teeth also differs between the primary and permanent
dentitions. There is no gender predilection in the primary
dentition; however, in the permanent dentition, males are
affected twice as frequently as females.” The frequency of
supernumeraries in the maxillary incisor region is reported
to be higher in certain syndromes. This may be as high as
22% in individuals with cleidocranial dysplasia, when com-
pared to the general population.” Family history can be
reviewed to determine the likelihood of a developing child
having a supernumerary tooth. It is not the mere presence of
a supernumerary tooth that predisposes an individual to
delayed tooth eruption. The shape and position are some
determining factors that play a role in the fate of the incisors.
There are four morphological types of supernumerary teeth:
conical or peg-shaped, tuberculate or invaginated, supple-
mental or incisiform, and odontome-like.** The most com-
mon type of supernumerary tooth is the conical or peg-
shaped® and is more often associated with displacement of
the incisors.”” The tuberculate or the invaginated supernu-
merary has been shown to cause more cases of delayed erup-
tion of the maxillary incisors.*"*"” Tay also found that verti-
cally oriented supernumerary teeth are more likely to be
associated with delayed eruption of the permanent
incisors.””

While supernumerary teeth are the most common cause
of delayed eruption of maxillary incisors, eruption failure
can also be caused by tooth malformation or dilacerations.
Dilacerations occur after trauma to a primary tooth, where
the developing permanent tooth bud is damaged due to close
proximity to the primary tooth. For this reason, both tooth
malformations and dilacerations are more common in the
permanent dentition. The degree of damage of the perma-
nent tooth depends on the developmental stage of the tooth
in question, as well as the type and direction of the trauma
inflicted.**

It is important to distinguish a dilacerated incisor from a
congenitally displaced incisor during diagnosis.” The two
conditions have similar clinical presentations; however they
differ in etiology, treatment and prognosis. As discussed
above, the etiology of a dilacerated incisor is a deformation
of the developing incisor that occurs as a result of transmit-
ted trauma from a blow to the area or to the primary prede-
cessor. Unlike the dilacerated incisor, the congenitally dis-
placed incisor is morphologically normal, only developing at
the wrong site or developed so that its axis of eruption is in
the wrong direction. The etiology of a congenitally displaced
incisor, although not discussed much in the literature, is
believed to be ectopic development, which may indeed cause
delayed eruption of the incisor.*® The treatment for congeni-
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tally displaced incisors includes applying orthodontic forces
so as to change the tooth’s angle of inclination from hori-
zontal to vertical. Once this is accomplished, eruption will
proceed normally. Prognosis for bringing these teeth into
position within the arch is excellent.”

Eruption failure of unerupted incisors may also be attrib-
uted to some other morphological and positional variants.
DiBiase reported that when a delay in eruption was
observed, often the affected incisors had a reduced root for-
mation with an open apex, altered root curvature, labial dis-
placement and labial inclination, as well as mesial/distal dis-
placements/ inclinations.’ Ectopic development of the tooth
germ, where during root formation the root is molded to
match the palatal curve, can also lead to maxillary incisor
impaction.” The literature also reports that severe malposi-
tion and/or impaction against another tooth may inhibit the
permanent incisor from erupting.”? These morphological
deviations have not been reviewed in the primary dentition.

Eruption failure may also occur if cysts or other patho-
logical obstructions develop in the eruptive path of the
incisors."” Pathological lesions can occur on the deciduous
predecessor or on the permanent tooth itself. The most com-
mon developmental lesion encountered in the anterior max-
illa, affecting the eruption pattern of the incisors, is the
dentigerous cyst.’ These cysts are primarily associated with
permanent teeth and rarely involve a primary tooth.”

A delay in eruption specific to the permanent incisors
may result from retained primary incisors. This may be
caused by the primary tooth becoming ankylosed or non-
vital, due to trauma or caries. If the primary roots cannot be
resorbed for any reason, the permanent tooth may erupt in an
alternate path or not erupt at all. Delayed eruption of both
the primary and permanent teeth can also be owing to
mucosal barriers in the path of eruption. Formation of a
dense mucoperiostium or submucosa that acts as a physical
barrier to eruption can occur during development or follow-
ing surgery.”

There are several syndromes that are associated with
eruption disturbances specific to the maxillary incisors.
These syndromes have a common feature: craniofacial dys-
morphogenesis. Holoprosencephaly is a developmental field
defect with impaired cleavage of the embryonic forebrain as
the cardinal feature.* The prevalence is about 1 in 11,000-
20,000 live births and 1 in 250 during embryogenesis. In
mildest forms of Holopresencephaly, the only manifestation
present is the eruption of only one central incisor.** 18p Syn-
drome and Congenital nasal pyriform aperture stenosis are
also associated with the eruption of a single central incisor.
10% of cases of 18p syndrome are associated with Holo-
prosencephaly.**¢ Kallmann Syndrome is a developmental
field defect that is associated with midline defects which
include agenesis of the maxillary lateral incisor.” Rieger
syndrome, also called SHORT syndrome, is an autosomal
dominant disorder associated with the absence of maxillary
incisor teeth.”® Hutchinson-Guilford progeria is a rare
genetic condition showing accelerated ageing combined
with severe growth retardation. Dental manifestations
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include delayed development and eruption of teeth, discol-
oration, crowding, rotation, and displacement of anterior
teeth.”

Literature reveals conflicting opinions on incisor eruption
failure due to lack of space in the arch. DiBiase believes that
in most cases, as long as space is available, eruption will
occur, even if there is significant root curvature. Adequate
space is considered to be at least two millimeters greater
than the crown of the unerupted incisor.”

One may hypothesize that the presence of peg-shaped lat-
erals may have an effect on the eruption patterns of the cen-
tral incisors. Becker, Gillis, and Shpack® found that missing
lateral incisors and peg-shaped lateral incisors have been
shown to be associated with palatal displacement of the
canine.” No literature was found to support the possibility
that similar effects on the maxillary incisors can occur; how-
ever, one must entertain the possibility.

Diagnosis

When the incisors do not erupt at the expected time, it is cru-
cial for the clinician to determine the etiology and formulate
an appropriate treatment plan. An accurate diagnosis may be
obtained after a thorough clinical and radiographic exam. It
is also imperative to review a patient’s medical history to
rule out local or systemic conditions. The dental history pro-
vides clinical information about history of trauma.

A visual exam of the adjacent teeth can be very informa-
tive in determining the position of the unerupted incisor.
One must establish the presence and position of the adjacent
teeth, as well as whether the adjacent teeth are upright or
inclined towards the missing tooth. This may help in deter-
mining the position of the unerupted tooth. If the unerupted
incisor is close to its normal eruption position, the teeth may
be tilted into the space. When the unerupted incisor is far
from its normal eruptive path, the adjacent teeth may begin
to close the space with greater bodily movement. The adja-
cent teeth will remain upright in the latter situation.” On pal-
pation of the area, the clinician is likely to encounter a
palatal or labial bulge that will help determine the position
of the unerupted tooth.

To determine the exact position of the unerupted incisor,
one must use radiographic interpretation. In almost all cases,
more than one radiograph is required.” One of the classic
techniques employed is the parallax method (tube shift
method). This method requires the use of two successive
periapical radiographs placed in the same position and
exposed by an x-ray beam from two different positions.*
This method was first employed by Clark in 1910, where he
used two periapical radiographs and shifted the tube in a hor-
izontal plane. By doing this, the tooth that lies more buccal
will move in a direction opposite to that of the x-ray tube. A
variation of the horizontal parallax method is the vertical
parallax. This method employs the same principle of using
two successive periapical radiographs; however, the X-ray
tube is shifted in a vertical plane. In 1952 Richards coined
the term buccal object rule in order to locate objects on a
horizontal plane. Richards found that a change in horizontal
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angulation would produce little or no displacement of the
two objects. In these cases, it is necessary to shift the x-ray
tube in a vertical plane in order to produce significant dis-
placement of the objects.* In 1986, an alternate vertical tube
shift method was introduced by Keur where occlusal radi-
ographs are used instead of periapical radiographs. The use
of occlusal radiographs allows for greater tube movement,
resulting in more displacement of the objects. It also ensures
that the entire object in question is captured in the radi-
ograph. Keur also described the use of a combination of an
occlusal radiograph and a panoramic.”* A Panoramic film
is useful because it is unique in that it will show the entire
dentition as a whole. The vertex occlusal view can be help-
ful by giving an additional dimension.” Lateral cephalomet-
ric is another film that is particularly useful if there is a
supernumerary tooth or dilacerations present because it
allows visualization in several dimensions."”

Although costs may preclude patients from using
advanced methods of imaging, the highly detailed informa-
tion outweighs the high radiation dose, limited availability,
and high cost. It has been found that 3D Dental-CT images
are superior to conventional radiographs for examining
impacted teeth in the maxilla.* In conventional radiographs,
the depiction of impacted teeth in the maxilla is often impre-
cise owing to the confluent images of the hard palate and
zygomatic bone. Computerized tomography provides a clear
distinction.* It is crucial to determine the exact location of
the tooth prior to any surgical procedure. This reduces the
damage to surrounding structures and improves the healing
process. Due to the highly detailed three-dimension infor-
mation obtained, computerized tomography is the method of
choice for accurately defining the position of an unerupted
tooth and identifying any root resorption of adjacent teeth
not detectable by other methods.

Digital volume tomography has recently been introduced
as an alternate technique to computerized tomography.
According to Chaushu et a/, digital volume tomography has
one-sixth of the radiation of computed tomography, is more
time efficient, more cost effective, and is still able to provide
three dimensional images, excellent bone differentiation,
and an unlimited number of views.*

Treatment

Although several different approaches to treatment of
unerupted maxillary incisors have been proposed in the lit-
erature, a common feature among them is that early diagno-
sis is critical to the success of the treatment.'-" It is thought
that the less time the normal eruption is delayed, the better
the outcome.”” If there has been a loss of space, it is neces-
sary to create space prior to treatment and maintain that
space throughout the treatment phase.* The treatment possi-
bilities vary from conservative to more aggressive
approaches.

The most conservative management would be the extrac-
tion of any obstruction, the creation of space, and the obser-
vation for spontaneous eruption. Between 54%-74% of teeth
have been reported to erupt spontancously after removal of
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obstruction, without any further treatment.” In the case of a
supernumerary tooth, it is often possible to remove the
supernumerary tooth avoiding damage to the underlying
incisor, and allow the incisor to erupt on its own.

In certain cases, orthodontic traction may be required.
The surrounding erupted teeth may be used for anchorage to
orthodontically move the tooth into the arch following surgi-
cal exposure of the unerupted tooth. Patient management can
be divided into three phases: pre-surgical orthodontics,
exposure and bonding, and post-surgical orthodontics.”” In
the pre-surgical phase, surrounding teeth that will be used as
anchorage must be banded or bonded, and sufficient space
must be created for the erupted tooth. It is also necessary to
remove any obstruction (i.e. supernumerary tooth). The next
step is surgical exposure of the unerupted tooth, which can
be done using one of three methods.” A gingivectomy would
be the procedure of choice in the presence of attached gingi-
val and if sufficient tooth structure can be exposed to bond
an attachment. At least one half to two thirds of the crown
must be uncovered. In patients where there is inadequate
attached gingival or if a gingivectomy would compromise
the width of attached gingiva, an apically positioned flap is
recommended. A third method is the closed eruption tech-
nique in which a flap that incorporates the attached gingiva
is raised and is fully replaced in its original position after
placement of traction devices. If the tooth is impacted in the
middle of the alveolus or high in the vestibule near the nasal
spine, the closed eruption technique may the treatment of
choice. Some teeth are impacted so high in the vestibule that
an apically positioned flap is difficult or impossible to
employ.” In all cases, following exposure, isolation of the
tooth is required to facilitate bonding. Isolation and hemo-
stasis can be aided by the use of hemostatic agents like Sur-
gicel or Gel-Foam around the tooth. The crown is then
etched with a phosphoric acid gel that will reduce the
chances of the etch running into the adjacent tissues. The
area is then rinsed and dried, and a bonding agent is placed.
Finally, a bracket is light-cured onto the tooth and a ligature
wire or a gold chain is attached to the bracket. In the case of
the closed technique, the flap is replaced and sutured into its
original position.” Controversy exists regarding the amount
of time the clinician should wait to apply post surgical ortho-
dontic forces after exposure and bonding. Some authors rec-
ommend application of force immediately after exposure.'
Others recommend waiting for one® to two weeks.”' This
decision appears to be the personal preference of the clini-
cian. It has been reported that treatment of unerupted maxil-
lary incisors with the closed-eruption technique can produce
overall good long-term esthetic results.*

Literature supports DiBase’s hypothesis that as long as
there is sufficient space available, a tooth will erupt on its
own. However, contemporary orthodontics has several tech-
niques available to expedite this process. An alternative to
mechanical traction is the use of magnetic traction.” Mag-
nets used in orthodontics are neodymium-iron-boron and
produce static magnetic fields. Magnets that contain
neodymium only were found to be susceptible to corrosion

226 The Journal of Clinical Pediatric Dentistry

in the presence of oral fluids, which results in the release of
potentially harmful products. The magnets are coated with
parylene (poly-para-xylene) in thin sections to prevent cor-
rosion.” Research shows that the static magnetic fields pro-
duced by orally placed orthodontic rare earth magnets do not
result in any change in pulp or gingival tissue adjacent to the
magnets.” The technique for the use of magnets for tooth
eruption involve using Fuji Ortho LC* to bond a 3x3x1mm
neodymium-iron-boron magnet to the unerupted tooth and a
5x5x2mm magnet to a removable appliance. During the
eruption process, the magnet in the appliance can be
changed to precisely direct the movement of the tooth.”
Movement should occur approximately at the rate of one
millimeter per month.*” Advantages of using rare earth mag-
nets to aid in tooth eruption include their ability to produce
a measured force continuously over long periods of time and
the position of the magnet can be manipulated by the clini-
cian so that the tooth can erupt into the ideal position. In
addition, few adjustments are necessary throughout the
entire process as opposed to the frequent adjustments of
mechanical devices. Disadvantages include the fact that the
force between two magnets diminishes dramatically as the
distance increases. Heat and hot liquids cause the magnets to
lose flux, and therefore lose force. Finally, the corrosive
properties of neodymium-iron-boron are a disadvantage.”’
Orthodontic traction may have no effect on bringing the
tooth into occlusion if the unerupted tooth has been anky-
losed. The possibility exists for an erupting incisor to
become ankylosed at some point during the eruption
process. There is limited literature regarding treatment in
such a situation; however, literature was found regarding
treatment of an ankylosed incisor resulting from trauma.
Ankylosis occurs when replacement resorption occurs at the
innermost layer of the periodontal ligament and possibly at
the cementum. The healing process takes place from the
adjacent alveolar bone causing ankylosis. In situations
where a portion of the clinical crown is exposed, early clini-
cal diagnosis includes percussion tests where there is a
change in the percussion sound and a marked decrease in the
normal physiologic facial-lingual excursion.”® The clinician
must be cautious in using percussion sounds as a method of
diagnosis. One must not ignore the possibility of a false neg-
ative.” In situations where the incisor is still unerupted and
is completely submerged, percussion would be impossible.
When an incisor has been intruded with resulting ankylosis,
the clinician can attempt surgical luxation to break the anky-
losis while maintaining periapical blood supply at the same
time. This results in an inflammatory reaction that encour-
ages the formation of a new fibrous ligament. Immediate
application of orthodontic forces is then placed to prevent
the reoccurrence of ankylosis. This technique has limited
benefits because re-ankylosis in a luxated tooth, even with
immediate orthodontic forces, is frequently seen.” Chaushu,
Becker, and Chaushu suggest certain guidelines for success-
ful ortho-surgical treatment of an ankylosed tooth. First,
proper surgical luxation should be performed which results
in class 3 tooth mobility. Second, a heavy extrusive force
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should be promptly applied. Third, the extrusive force should
be maintained at an appropriately high level by frequently
renewing the elastic force.” Distraction osteogenesis, a tech-
nique for forming new bone through bone transport,® is also
well described in the literature. After surgery, a distraction
device is placed. These devices can range from a conven-
tional acrylic splint and an expansion screw that is bonded to
the ankylosed incisor,* to a single tooth distractor that is sur-
gically placed.” A latency period is required prior to initia-
tion of the distraction phase. Controversy exists on the
length of the latency period and the rate of distraction.
Koford, Wurtz, and Melsen propose a latency period of 4
days and a rate of distraction of 0.9 millimeters a day.*
Kinzinger et al recommend a latency period of 7 days and a
rate of distraction of 0.6 millimeters a day.” It is mentioned
that vertical distraction could possibly be functionally and
esthetically unsatisfactory because of the unidirectional
impact of intraoral distraction devices.® It is possible that
distraction devices need to be used in conjunction with other
approaches.

If an impacted incisor is associated with a cyst, a conser-
vative approach is preferred in order to prevent the loss of
the incisor. When the preservation of the tooth is desired in
a young patient where the lesion is isolated, marsupialization
is the treatment of choice. Marsupialization is a procedure
that involves the creation of a surgical window in the wall of
the cyst. The cystic lining is made continuous with the oral
cavity. The opening must be maintained artificially to pre-
vent spontaneous closure. The cyst remains open for several
months allowing the cavity to be filled with new bone. The
involved teeth are then allowed to spontaneously erupt or are
orthodontically brought into the correct position. By utiliz-
ing marsupialization, treatment is atraumatic and can pre-
vent psychological and mental trauma.®

A final treatment option, which should only be used in
cases when the unerupted incisor is severely ectopic or if
there is extensive pathology and/or risk to adjacent teeth, is
extraction of the unerupted incisor. © In the case of a dilac-
erated tooth with an extremely acute angle of dilacerations,
it is possible for the labially oriented portion of the root to
become impacted on the buccal cortical plate. For this rea-
son, dilacerated incisors are often extracted. It is essential
that care be exercised to avoid damage to adjacent teeth dur-
ing removal. The surgeon also should take precautions to
avoid loss of alveolar bone that could adversely affect future
treatment possibilities including replacement with a bridge,
implant, or orthodontic space closure.*

Complications of treatment

When considering surgical treatment of young children, the
psychological ramifications of the surgery must be consid-
ered. A study was performed in 2005 evaluating patients’
perceptions of recovery after exposure of impacted teeth
using a closed-eruption technique. The study concluded that
regardless of the surgical method used to expose an
impacted tooth, it is reasonable to assume that it will have an
adverse influence on several aspects of health related quality
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of life. Patients should expect recovery within three days of
surgery and should be able to return to school within four to
six days post-operatively. It was found that a surgical expo-
sure that exceeds thirty minutes resulted in an increase of
post-operative pain. It has also been reported that exposure
of bucally impacted teeth have a longer recovery period than
exposure of palatally impacted teeth.*

It is also important to select an appropriate flap design
prior to the surgical procedure. One of the flap designs used
to expose the unerupted incisor is the apically repositioned
flap. This design has the advantage of ensuring a band of
attached gingiva around the crown, as well as applying
downward tension during suturing. This initiates immediate
occlusal movement of the incisor. It also allows for control
of the amount of keratinized tissue present post-surgically,
which helps to maintain the mucogingival complex around
the exposed tooth.® This ensures a healthy long term peri-
odontal prognosis of the tooth. Conversely, this flap design
may result in poor esthetics including an increased crown
height and gingival scarring.'** Due to the anterior position
of the incisors, one may choose to use another method, such
as closed eruption technique to prevent the aforementioned
problems.

Another possible complication in treatment is damage to
the adjacent teeth during surgical procedures.” During the
early mixed dentition stage, children have several teeth that
are in crucial developmental and eruption stages. Disruption
to these teeth could cause more problems for the child in the
future. One must also use caution when traction is being
used to bring the unerupted incisor into position. It has been
reported that application of excessive force may result in
pulpal necrosis.’

Periodontal problems can be a complication of surgical
treatment. This includes the loss of keratinized tissue, gingi-
val recession, and poor oral hygiene during orthodontia.
Periodontal complications are more common with buccally
displaced unerupted teeth than with the palatal ones.® Any
mucogingival intervention should be aimed at maintaining
an adequate zone of keratinized tissue, in order to prevent
gingival recession.

Risks of no treatment

If left untreated, an unerupted incisor can lead to esthetic and
pathological problems. If the space is ignored, mesial move-
ment of neighboring teeth will occur, causing obliteration of
the space. If the incisor is not brought into occlusion or
extracted, resorption of the roots of adjacent teeth may
occur." Other possible sequela include cyst formation, anky-
losis, external tooth resorption, and periodontal problems.
Data shows that an impacted central incisor may have sig-
nificant effects on the path of ipsilateral canine and can lead
to canine impaction.® In the presence of an impacted central
incisor, the adjacent lateral incisor is displaced by approxi-
mately five millimeters. The lateral incisor therefore alters
its relationship in regards to the canine, which is at a crucial
stage of development. Thus, an alteration in the mesial or
buccal position of the canine may result.® Socially, it is
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extremely difficult for a young child to go through pre-
pubertal and pubertal years with a space in the anterior max-
illa. Such a condition may delay the child’s social adjustment
among his or her peers and ultimately affect his or her qual-
ity of life.

ECTOPIC ERUPTION

Etiopathogenesis

Ectopic eruption refers to the eruption of a tooth in a posi-
tion that is not its normal position in the dental arch. Theo-
ries have attempted to explain the etiology of ectopic erup-
tion. However, the multifactorial process of growth and
development makes it difficult to identify specific primary
etiological factors of ectopic eruption.” The prevalence of
ectopic eruption is 5.6%. The majority of these are perma-
nent central incisors. There is no evidence of sex predilec-
tion. In the maxilla, ectopia is more often unilateral, as
opposed to the mandible where ectopic eruption is usually
bilateral.*®

Treatment

Depending on the position of the ectopic incisor, various
treatment options exist. If there is minimal deviation from
the normal eruptive position, it may be possible to extract the
corresponding primary incisor and allow the incisor to find
its way into normal position.” If the ectopic incisors need
assistance to be brought into the correct position, an appli-
ance can be used. An example would include a 2X4.” The 2
X 4 fixed bracketing technique is comprised of brackets on
the maxillary incisors, bands on the first permanent maxil-
lary molars, and a continuous archwire. It is used in the early
mixed dentition for treatment of both anterior crossbites and
alignment of ectopic incisors. This technique offers many
advantages as it provides complete control of anterior tooth
position, is extremely well tolerated, requires no adjustment
by the patient, and allows accurate and rapid positioning of
the teeth.”” Care must be taken to avoid untorquing the per-
manent lateral permanent incisors (ugly duckling stage) and
prevent possible root resorption of the laterals against the
crown of the unerupted permanent canines. If it were not
possible to bring an ectopically erupted incisor into position,
extraction may be necessary.

TRANSPOSITION

Tooth transposition is defined as the positional interchange
of two adjacent teeth, especially their roots, or the develop-
ment or eruption of a tooth in a position occupied normally
by a non-adjacent tooth. Although on initial presentation
transposition may clinically appear to be delayed eruption, a
thorough history and clinical examination will prove other-
wise. It can be a severe disturbance of tooth order and erup-
tive position. Transposition of maxillary teeth occurs in
approximately 1 in 300 patients. Normal eruption of maxil-
lary incisors can be affected either indirectly or directly. If
surrounding teeth are transposed, root anatomy of lateral or
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central incisors can be damaged and eruption can be
delayed. If an incisor is transposed with another tooth, such
as the canine, the patient will usually seek treatment for an
unerupted incisor.”

Etiopathogenesis

Although several theories have been presented, the etiology
of tooth transpositions is still unknown. A potential explana-
tion is that transposition occurs as a result of interchange in
location between the anlage of the developing teeth.”
Trauma to the primary dentition with subsequent permanent
tooth drift has also been reported as a likely cause to trans-
position.” It has also been suggested that over retention of
primary teeth may displace the developing permanent tooth
from its eruptive path.

Treatment

In the maxillary arch, if possible, the transposed teeth should
be moved into their normal positions. This can only be
accomplished if there is an incomplete transposition where
the crowns are transposed, but the root apices are in their
normal position. This will result in the most esthetically and
functionally sound outcome. When there is a complete trans-
position, and the root apices have been transposed along
with the crowns, the best treatment option is alignment of
the teeth in their transposed position.” At this time, the teeth
can be improved esthetically with restorative procedures.”

CONCLUSION

It is not uncommon for children to present with variations in
normal eruptive patterns of the maxillary incisors. By virtue
of the location of the maxillary incisors, parents are often
discouraged when eruption patterns do not follow the norms.
This will usually prompt the parent to seek treatment from
an orthodontist in order to prevent psychological ramifica-
tions that accompany abnormalities of the anterior maxilla.
In order to properly treat these individuals, the clinician
must have knowledge of the classification, etiology, and
treatment modalities available for eruption disturbances of
the maxillary incisors. It is important that a thorough exam-
ination is performed in order to obtain an accurate diagnosis.
The clinical presentations of these eruption disturbances
may prove to be a manifestation of an underlying local or
systemic condition. In many cases, there may be no treat-
ment necessary except for the creation of space and allowing
the tooth to erupt alone in a matter of time. Other cases
require surgical and/or orthodontic interception. Each case
must be treated independently in order to formulate the
proper treatment plan and to achieve the best possible out-
come for each patient.
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