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Asymmetric Orthodontic Space Closure of Unilateral Congenitally Missing
Second Premolars
Abstract
This case report presents successful orthodontic management of unilateral retained deciduous second
molars and congenitally missing second premolars using an additional anchorage in conjunction with the
segmented arch approach. A 21-year-old female patient presented as skeletal Class I malocclusion, mild
crowding, straight facial profile, and orthodivergent facial pattern. The treatment plan was established to
extract deciduous teeth and close the extraction space by molar protraction. A Nance appliance and
lingual holding arch were used as an additional anchorage to maintain the facial profile and dental
midline, with pure molar protraction performed using a segmented arch and sliding mechanics. After 1
year of molar protraction with well-controlled molar angulation and rotation, a continuous arch was
performed for full mouth refinement. The total treatment duration was 34 months achieving unilateral
molar protraction and bilateral Class I molar and canine relationships with satisfactory facial esthetics
and functional occlusion.
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CASE REPORT

Asymmetric Orthodontic Space Closure of Unilateral
Congenitally Missing Second Premolars
Weerayuth Vejwarakul a, Yu-Chih Wang a,b,c, Yuh-Jia Hsieh a,b,c,*
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Graduate Institute of Dental and Craniofacial Science, Chang Gung University, Taoyuan, Taiwan
Department of Craniofacial Orthodontics, Chang Gung Memorial Hospital, Taoyuan and Taipei, Taiwan
c
Craniofacial Research Center, Chang Gung Memorial Hospital, Taoyuan, Taiwan
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ABSTRACT
This case report presents successful orthodontic management of unilateral retained deciduous second molars and
congenitally missing second premolars using an additional anchorage in conjunction with the segmented arch approach.
A 21-year-old female patient presented as skeletal Class I malocclusion, mild crowding, straight facial proﬁle, and
orthodivergent facial pattern. The treatment plan was established to extract deciduous teeth and close the extraction
space by molar protraction. A Nance appliance and lingual holding arch were used as an additional anchorage to
maintain the facial proﬁle and dental midline, with pure molar protraction performed using a segmented arch and
sliding mechanics. After 1 year of molar protraction with well-controlled molar angulation and rotation, a continuous
arch was performed for full mouth reﬁnement. The total treatment duration was 34 months achieving unilateral molar
protraction and bilateral Class I molar and canine relationships with satisfactory facial esthetics and functional occlusion. Taiwanese Journal of Orthodontics 2021;33(4):176e187
Keywords: Congenitally missing second premolar; Orthodontic space closure; Molar protraction; Segmented arch

INTRODUCTION

C

ongenitally missing teeth are challenging in
orthodontic treatment planning. Apart from
the third molars, the mandibular second premolars are the most common missing teeth (41%),
followed by the maxillary lateral incisors (23%)
and maxillary second premolars (21%).1 Interestingly, approximately 66% are found as bilaterally
missing.2 Moreover, dental agenesis is associated
with microdontia, peg-lateral incisors, palatal
impacted canines, large freeway space, and
delayed development or deciduous molar infraocclusion.3e5 A previous study illustrated that the
etiology was associated with physical obstruction
or disruption of the dental lamina, functional
abnormalities in the dental epithelium, or failure
to initiate the underlying mesenchyme.6 Various

treatment options should be carefully considered
to manage congenitally missing second premolars
depending on several factors, including the condition of the retained deciduous tooth, the patient's age, space requirements for malocclusion
correction, facial proﬁle, patient's treatment preference, and treatment time.7
If the extraction of retained deciduous is required
and orthodontic space closure is one of the treatment choices, proper biomechanics should be
designed to achieve an excellent outcome and
mitigate the unfavorable side effects, especially for
unilateral missing teeth. This case study reports a
case of skeletal Class I malocclusion with unilateral
congenitally missing second premolars and asymmetric orthodontic space closure using an additional
anchorage (Nance appliance and lingual holding
arch) in conjunction with a segmented arch
approach.
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overbite. The upper and lower arch forms were
ovoid and symmetric, with mild crowding (space
deﬁciency was 0.5 and 2.0 mm respectively). The
curve of Spee was 1.0 mm (Figure 2).
In addition, the maxillary and mandibular right
deciduous second molars (55, 85) were overretained with ﬁrst-degree mobility. The maxillary
left lateral incisor presented as a peg shape and
subsequently, tooth size analysis showed a larger
anterior Bolton ratio of 82.1% (Table 1). The oral
hygiene and general dental health were fair, without
active periodontal disease (Figure 1eei).

A 21-year-old Taiwanese female patient was
referred to the Craniofacial Center for orthodontic
evaluation to manage two retained deciduous second molars with secondary caries and root resorption. The patient had no underlying systemic
diseases, prior drug allergies, or history of previous
temporomandibular joint (TMJ) symptoms.
Pre-treatment data
Extraoral examination
The frontal view presented mild facial asymmetry
with a chin deviation to the left (1.0 mm), nasal tip
deviation to the right, left side lip canting, and mild
mentalis muscle strain (Figure 1). The frontal smiling view presented a non-consonant smile arc with
8.0 mm of maxillary incisor display. Regarding the
facial midline, the upper dental midline deviated to
the left side by 1.0 mm and the lower dental midline
was on. From the lateral view, she had a straight
facial proﬁle with an average nasolabial angle, as
well as labiomental fold and chin-throat length
(Figure 1aed).

Radiographic examination
The periapical and bitewing radiographs
(Figure 3) showed that both the maxillary and
mandibular right deciduous second molars (55, 85)
had large restorations with extensive secondary
caries and mild root resorption. The panoramic
radiograph examination (Figure 4a) showed the
morphology of bilateral condyles was symmetric
with intact cortical outlines and clear-maxillary
sinus. Four wisdom teeth were impacted and the
maxillary and mandibular right permanent second
premolars were congenitally missing. The posteroanterior radiograph (Figure 4b) showed no occlusal
canting, with slight chin point deviation to the left
by 1.0 mm. Lateral cephalometric analysis (Table 2)

Intraoral examination
The patient had bilaterally Class I molar and
canine relationship with 2.0 mm overjet and 1.0 mm

Figure 1. a-d, Pre-treatment extraoral; and e-i, intraoral photographs revealed patient with acceptable facial asymmetry and orthodivergent facial pattern,
bilaterally Class I molar and canine relationship, and two-retained upper and lower deciduous second molars on right side were presented (arrows).
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Figure 2. Pre-treatment 3D models.

was established to (1) extract the deciduous teeth
and perform molar protraction using local ﬁxed
appliance; (2) sequential bonding after molar protraction for leveling and alignment; (3) resin composite restoration for tooth 22 to correct the tooth
size discrepancy, as well as proper inter-arch digitation; (4) ﬁnishing, detailing and further reﬁnements to achieve a proper overbite, overjet, and
Class I molar and canine relationship.

revealed skeletal Class I relationship, normal
mandibular plane angle with proper inclination,
and the position of the maxillary and mandibular
incisors. The upper and lower lips were balanced in
relation to the E-line.
Diagnosis
The patient was diagnosed as skeletal Class I
relationship with orthodivergent facial pattern. Angle's Class I malocclusion with retained right
maxillary and mandibular deciduous second molars
(55, 85) and right maxillary and mandibular permanent second premolars (15, 45) were congenitally
missing. In addition, bimaxillary mild space deﬁciency and peg-shaped maxillary left lateral incisor
were diagnosed.

Treatment progress
The Nance appliance and lingual holding arch
(LHA) were modiﬁed to perform the pure molar
protraction (Figure 5). On both maxillary and
mandibular arches, the teeth adjacent to extraction
spaces (ﬁrst premolars), as well as the ﬁrst molars
on the opposite side were banded as abutment teeth
for the Nance appliance and LHA. Two hooks were
soldered at the lingual side of the right maxillary
and mandibular ﬁrst premolar bands individually.
Orthodontic bands (Tomy, Tokyo, Japan) were
tried in the abutment teeth and impressions were
subsequently taken. A 0.036-inch stainless steel wire
was used to prefabricate the customized Nance
appliance and LHA. The deciduous teeth were
extracted after the appliances were cemented, with
an initial 8.5 and 9.0 mm of extraction space for the
maxillary and mandibular arches respectively
(Figure 5a, d).
Two 0.022 slot molar tubes (OPA-K®, Tomy,
Tokyo, Japan) were bonded on the buccal side of the
ﬁrst molars adjacent to extraction spaces, and
lingual buttons were bonded on the lingual sides.
The pure molar protraction was started by using

Treatment objective and treatment plan
After considering the condition of the deciduous
teeth, space requirements, facial proﬁle, patient's
age, and treatment preference, the treatment objectives were to extract the retained deciduous teeth
and close the extraction space without altering the
patient's facial proﬁle and lips position, as well as
the skeletal Class I relationship. The treatment plan
Table 1. Pre-treatment space and Bolton analysis.
Space analysis

Bolton analysis
Upper Lower

Space available 64.5
Space required 65.0
Space deﬁciency
0.5

53.0
55.0
2.0

Norm
Anterior ratio 82.1 77.2 ± 1.6
Overall ratio 89.4 91.3 ± 1.9
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Figure 3. a, Pre-treatment bitewing; and b-c, periapical radiographs illustrated two-retained deciduous second molars with large restorations,
extensive secondary caries and mild root resorption.

0.016  0.022-inch stainless steel wire (Pg Supply,
Inc, USA) as a segmented arch with generated Vbending and sliding mechanics with elastomeric
chains on both buccal and lingual sides
(Figure 5bec and e-f).
The maxillary extraction space was entirely closed
with well-controlled molar angulation and rotation
at the 11th month of treatment and the mandibular
extraction space remained about 2.5 mm
(Figure 6aec). The maxillary bands and appliances
were removed. Subsequently, the maxillary arch
was bonded with 0.022-inch ceramic self-ligating
brackets (Clippy-C®, Tomy, Tokyo, Japan) and
continuous NickeleTitanium arch wires (Orthonol®, Rocky Mountain Orthodontics, Denver, CO,
USA) were sequentially placed from 0.014, 0.016,
0.018, 0.016  0.022 and 0.018  0.025-inch for
leveling and alignment (Figure 6d). The mandibular

extraction space was closed at the 18th month of the
treatment (Figure 7), then, the mandibular arch was
bonded and treated in the same way as for the
maxillary arch.
The 0.016  0.022-inch stainless steel wire was
applied as the working wire for the reﬁnement of
both arches. The midline discrepancy was corrected
to coordinate with the facial midline. To enhance the
anterior esthetic outcome and the correction of the
tooth size discrepancy, a 3.0 mm space was created
at both the mesial and distal side of the upper left
peg-lateral incisor using 0.010  0.030-inch
NickeleTitanium open coil springs (G&H Orthodontics Franklin, IN, USA). The upper left pegshaped lateral incisor was restored by composite
resin construction (Figure 8). Individual wire
bending and inter-maxillary elastics were performed to obtain proper posterior interdigitation for
179
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Figure 4. a, Pre-treatment panoramic; b, posteroanterior; and c, lateral cephalometric radiographs.

appliances debonded. Regarding the retention stage,
ﬁxed retainers were bonded to the anterior teeth and
along with Wraparound retainers delivered for both
arches. Regular post-treatment orthodontic followup was recommended.

better stability. A panoramic radiograph was
checked to ensure the root parallelism, especially
the area of molar protraction.
The patient did not continue regular orthodontic
adjustment during the ﬁnishing and detailing treatment, with treatment interrupted for approximately 9
months. Finally, the treatment was completed in the
34th month of the treatment, with all brackets and

Treatment outcome
The post-treatment intraoral records showed that
the upper and lower dental midline was coincident
with the facial midline with an ideal overjet and
overbite. The unilateral molar protraction, as well as
bilateral Class I molar and canine relationships,
were achieved. The peg-lateral incisor was corrected
by resin composite restoration to resolve the tooth
size discrepancy. Moreover, functional occlusion
and good interdigitation were obtained while
maintaining the patient's facial proﬁle and lips position (Figures 9 and 10).
A
post-treatment
panoramic
radiograph
(Figure 11a) revealed optimal dental roots parallelism with no signiﬁcant apical root resorption.
Cephalometric superimpositions (Figure 12)

Table 2. Pre-and post-treatment cephalometric analysis.
Skeletal analysis
SNA ( )
SNB ( )
ANB ( )
SN-MP ( )
Dental analysis
U1-SN ( )
U1-NA (mm)
L1-MP ( )
L1-NB (mm)
Facial analysis
E-line: upper
E-line: lower

Pre-treatment

Post-treatment

Norm

78.0
75.0
3.0
37.0

78.0
75.0
3.0
37.0

82.0 ± 3.5
77.7 ± 3.2
4.0 ± 1.8
33.0 ± 6.0

99.0
3.5
93.5
5.0

100.0
3.5
95.0
5.5

103.8 ± 5.5
4.3 ± 2.7
96.8 ± 6.4
4.0 ± 1.8

0.5
0.5

0.5
0.5

1.0 ± 2.0
1.9 ± 1.1
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Figure 5. a, d, The mesiodistal width of upper and lower deciduous molar were recorded at 8.5 and 9.0 mm respectively before treatment; the ﬁrst
molar protraction was performed by segmented arch using modiﬁed Nance and lingual holding arches as an anchorage unit; b-c and e-f, at 6 months
of the treatment.

and lower right ﬁrst molar by 5.5 and 6.0 mm
respectively without changes in the vertical
dimension.

demonstrated no remarkable skeletal and soft tissue
changes after treatment. Minor changes included
the increased inclination of the upper and lower
incisors (U1-SN angle from 99.0 to 100.0 and L1MP angle from 93.3 to 95.0 ). The position of upper
and lower incisors was maintained. The notable
changes were that the mesialization of the upper

DISCUSSION
Congenitally missing second premolars can be
detected at the age of 9 on a panoramic radiograph,

Figure 6. a-b, The maxillary extraction space was entirely closed at the 11th month of treatment; and c, the mandibular extraction space was remained
about 2.5 mm; d, the maxillary arch bonding was performed, and continuous NickeleTitanium arch wire was applied for leveling and alignment.
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Figure 7. a-c, The mandibular extraction space was closed at the 18th month of the treatment; then d, the mandibular arch was bonded, and
continuous NickeleTitanium arch wire was applied for leveling and alignment.

Factors inﬂuencing treatment planning and options

although there have been reported cases of development delay until the age of 12.8,9 After diagnosis,
the treatment plan must be carefully considered
with the patient and parents. For younger patients,
there are more available treatment choices but, in
this case, the congenitally missing second premolars
were detected late, therefore limiting the treatment
options.

Several factors should be considered during treatment planning, including the conditions of the retained
deciduous second molar, the patient's age, space requirements for malocclusion correction, facial proﬁle,
patient's treatment preference, and treatment time.7

Figure 8. a-c, A 0.010  0.030-inch NickeleTitanium open coil spring was placed at the mesial and distal sides of tooth 22 (peg-shaped lateral
incisor) for creating 3.0 mm space; d-f, after resin composite built up on tooth 22, then tooth size discrepancy was corrected.
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Figure 9. a-d, Post-treatment extraoral; and e-I, intraoral photographs illustrated the excellent results; satisﬁed facial softetissue proﬁle, achieved
unilateral molar protraction with solid interdigitation and peg-lateral incisor was corrected by resin composite built up.

In this case, the two main treatment options were
(1) to maintain or (2) to extract the deciduous second
molar. Maintaining the deciduous molar is the
simplest treatment option when the tooth is healthy,
with a good prognosis and function but the risks
include root resorption, Bolton tooth size discrepancy, pulpal pathology, crowding, ankylosis, and
infra-occlusion.7,10,11

It has been reported that from the age of 11 until
20, retained deciduous second molars underwent
60% and 46% resorption of their mesial and distal
roots respectively12 and the infra-occlusion was also
increased about 1.0 mm10 with a mean progression
of 0.5 ± 0.26 mm/year.13
Another critical condition of a deciduous tooth
leading to extraction (not evident in this case) is

Figure 10. Post-treatment 3D models.
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Figure 11. a, Post-treatment panoramic; b, posteroanterior; and c, lateral cephalometric radiographs.

ankylosis. The most reliable indicator to detect
ankylosis is the radiographic evaluation of the alveolar bone level between the deciduous molar and the
adjacent teeth.14 If the bone is ﬂat, this indicates that
the deciduous tooth and its adjacent teeth are
erupting evenly. However, if the alveolar bone level
becomes oblique with a more apical bone level
located at the deciduous tooth, this conﬁrms ankylosis, therefore, extraction of the deciduous molar is
required to prevent a signiﬁcant ridge defect.15
In this case, the patient had maxillary and
mandibular deciduous second molars on the same
side functionally occluded to each other which
barely interfered with the interdigitation of the
posterior teeth. However, both retained deciduous
molars had large restorations with extensive dental
caries as well as root resorption and mobility,
therefore it was decided to extract the teeth. When
the extraction of a deciduous molar is considered,
the two general treatment alternatives are space
redistribution for prosthesis or space closure. If the

extraction is performed before the age of 11,
spontaneous space closure can be beneﬁcial
(before the eruption of the permanent second
molar).16 Hemisecting the deciduous molar at the
distal portion initially allows pure molar mesialization, thereby restricting the movement of the
ﬁrst premolar into the extraction space, with the
remainder of the deciduous molar portion
removed later. As a result, the position of the ﬁrst
premolar will be maintained as well as the facial
proﬁle.17
In this case, spontaneous space closure cannot be
expected without any side effects so both prosthetic
and orthodontic treatment were discussed with the
patient. Tooth replacement with full-coverage conventional bridges in young patients may cause pulp
devitalization, necessitating root canal therapy.
Resin-bonded posterior bridges have indeﬁnite
longevity but the survival rates of ﬁxed partial
dentures are 84% at 10 years post-operation, with
dental caries being a critical failure factor.18,19
184
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Figure 12. Overall and regional cephalometric superimpositions of Pre- and post-treatment were illustrated.

Single-tooth implants may be a more appropriate
treatment as they are reliable in the long term (95%
10-year survival rate) but must only be placed in a
patient with no remaining growth status.20 Also,
single-tooth implants are less time-consuming
compared to orthodontic space closure. However,
the deciduous second molar space is too large
mesiodistally requiring orthodontic treatment to
decrease the width of space to the size of the prosthetic second premolar for better interdigitation and
esthetics. Furthermore, two dental implants to
replace the maxillary and mandibular second premolars were required in this case, hence, higher
costs and risk of side effects. After careful consideration, orthodontic space closure was ﬁnally chosen as the treatment of choice.

balance and harmony, thus, the deciduous molar
space can be advantageous for crowding relief or/
and anterior retraction. However, for patients with a
straight proﬁle and no space requirement or mild
crowding, such as our patient, the deciduous molar
space closure may cause an undesirable facial proﬁle so pure molar protraction must be considered
carefully to avoid the unpleasant outcome.15,22
The relationship with the opposing teeth, periodontal status, and anatomical structures must also
be considered. When moving the permanent molar
forward, the relationship of the opposing tooth is
needed to ensure that there is an antagonist for the
posterior occlusal relationship. The long-term loss
of deciduous teeth frequently causes the supereruption of opposing teeth, tilted ﬁrst molars, or a
crossbite relationship which makes molar protraction more complicated and time-consuming. There
should be adequate bone height and width, with
healthy periodontal conditions as the potential risks
of molar protraction through an atrophic ridge can
be loss of attachment (particularly in the presence of
plaque), dehiscence, mobility, ankylosis, root
resorption, devitalization, and tooth morbidity.23
Moving the ﬁrst molar through the ﬂoor of the
maxillary sinus depends on the anatomic characteristics and the relationship between the inferior
wall of the maxillary sinus and its surrounding area.
A greater tipping tooth movement might occur if the
roots confront with a vertical extension of the
maxillary sinus ﬂoor.24,25 However, due to the

Orthodontic management of the deciduous molar
space
Orthodontic space closure is another possible solution considering factors such as age, facial proﬁle,
space requirements for malocclusion correction,
local factors, treatment time, treatment costs, and
long-term predictability as well as patient's treatment preference. Younger patients require a shorter
treatment time, have a lower risk of root resorption,
and have greater stability for space closure.21 For
patients with moderate to severe crowding or
signiﬁcantly protrusive lips, the goal for facial esthetics is to minimize lip protrusion to achieve facial
185
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physiologic theory of bone remodeling, previous
studies have shown that when teeth are moved
through the sinus with routine orthodontic mechanics, there is no substantial risk of root resorption.26,27 In our case, the protraction of the upper
ﬁrst molar was obtained by translation with proper
root parallelism establishing a good occlusal relationship and preventing relapses after orthodontic
treatment with no signiﬁcant resorption.
The rate of molar protraction depends on the
density or cortical thickness of the resisting alveolar
bone. The posterior maxilla is constituted with the
uniform 1.5 mm of buccal cortical thickness and
interconnected by a network of extensive trabeculae, while the posterior mandible consists of
thicker cortical bone (2.0 mm) with dense and
radially oriented trabeculae. Therefore, the rate of
mandibular molar translation with skeletal
anchorage is approximately 0.34e0.60 mm per
month, approximately half of the maxillary molar
translation.23 Interestingly, in this 21-year-old female patient, the rate of maxillary and mandibular
molar translation by the Nance appliance and
lingual hold arch were 0.8 and 0.5 mm per month
respectively with no signiﬁcant difference compared
to the skeletal anchorage as mentioned above.

Taiwanese Journal of Orthodontics
2021;33(4):176e187

mouth bonding was postponed until molar protraction was complete since pure molar protraction
is time-consuming and the patient only had mild
crowding. This provided patient comfort as well as
normal function and occlusal forces which can help
to reinforce the anchorage.
During the treatment, we carefully observed the
midline change and occlusion, TADs would be
placed if anterior anchorage loss was observed.
Unilateral molar protraction was successfully achieved without using TADs. Interestingly, the treatment outcome and the rate of molar protraction in
our case were not signiﬁcantly different compared
to using TADs.
To prevent anterior anchorage loss, only the
ﬁrst molar was planned to be protracted in the
early stages of the treatment. Meticulous traction
with a light force was used to ensure that the
surrounding tissues could recover, thereby
avoiding the development of gingival clefts which
might lead to the space reopening in the
future.21,22,29 Interestingly, the second molars
were also protracted without any appliances, with
the light protraction force also allowing second
molars to be protracted by the transseptal ﬁber
between ﬁrst and second molars.
If a pure translational movement of the ﬁrst molar
is desired, there must be counterbalancing with the
moment. Protraction with a balancing lingual force
was considered to prevent buccal traction force and
counteract the mesial rotational movement. Toe-in
bends and V-bends were also placed for parallel
root movement and proper root angulation.30
However, in our case, mesial tipping of lower ﬁrst
molar was observed after molar protraction, which
was corrected in a later stage of the full mouth
leveling and alignment. A long buccal hook and
uprighting spring should be considered to prevent
the side effects and increase treatment efﬁciency.
In summary, our technique presented a noninvasive and effective solution for asymmetrical
mandibular molar protractions without the use of
TADs.

Biomechanical consideration of the molar
protraction
Pure molar protraction, particularly on one side of
the dental arch is more challenging and there is a
risk of undesirable side effects on the facial midline
or anterior anchorage loss if improper biomechanics
is used.28 Anterior anchorage reinforcement can be
achieved by temporary anchorage devices (TADs),
such as mini-screws and mini-implants, to provide
an additional anchorage to close an edentulous
space without altering the patient's facial proﬁle.7,15
However, several factors should be considered, such
as local biological factors (bone density or bone
quality), peri-implant soft tissue health, procedure
technique, patient's age, and patient's preference.23
In this case report, the patient preferred a noninvasive treatment, therefore, non-invasive conventional appliances, the Nance appliance and
lingual holding arch, were used as additional
anchorage on the maxillary and mandibular arches
respectively to perform a unilateral molar protraction. The rigid components of the appliances across
the arch, as well as the tooth abutment and the
acrylic button against the anterior palate (Nance
appliance), provided anchorage reinforcement to
maintain and stabilize the anterior portion as a unit
during molar protraction. It is worth noting that full

CONCLUSION
Unilateral molar protraction without altering the
patient's facial proﬁle and the dental midline is
challenging but can be achieved with proper
biomechanical and anchorage planning. In this case,
the use of conventional appliances as additional
anchorage with a segmented arch provided a simple, non-invasive, and effective method for asymmetric space closure of unilateral congenitally
missing second premolars.
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