CASE REPORT ATVU-DU

Treatment of a severe transverse dental arch
discrepancy assisted by 3-dimensional planning

Si Chen? and Tian-Min Xu®
Beijing, China

This report describes the treatment of a 16-year-old girl with a severe transverse dental arch discrepancy result-
ing from a mildly constricted maxillary arch and an overexpanded mandibular arch. The patient had a Class |
skeletal relationship, a high mandibular plane angle, a Class Ill molar relationship, bilateral posterior crossbites,
and deviated midlines. A 3-dimensional digital setup was used to assist treatment planning. The digital setup
allowed us to evaluate multiple treatment options before deciding on the most suitable one for the patient.
The final treatment protocol consisted of extraction of upper second premolars and lower first molars due
to enamel hypoplasia. Starting with the leveling and alignment stage of treatment, the maxillary archwires
were expanded and the mandibular wires were constricted to correct the transverse discrepancy. An auxiliary
expansion arch was used to achieve overcorrection. The active treatment period was 24 months. Proper over-
bite and overjet, facial balance, and good occlusion were achieved. (Am J Orthod Dentofacial Orthop

2013;143:105-15)

posterior crossbite typically results from a con-

stricted maxillary arch width. Maxillary expan-

sion is a valid way to solve this problem.'™
However, in a few patients, the problem lies in the
mandible: ie, excessive mandibular width. Mandibular
width is more difficult to alter, regardless of expansion
or constriction. Surgical measures can be adopted at
added risks and costs.

DIAGNOSIS AND ETIOLOGY

The patient was a 16-year-old Chinese girl. Her chief
complaints were “crowded teeth and difficulty eating.”
After having been declined by other clinics her parents
brought her to our department. Her medical and dental
histories were unremarkable. The extraoral examination
showed that she had a slightly convex profile. Her lips
were competent at rest but had moderate hypermentalis
activity (Fig 1). There were no temporomandibular joint

From the Department of Orthodontics, School of Stomatology, Peking Univer-
sity, Beijing, China.

Assistant professor.

bProfessor.

The authors report no commercial, proprietary, or financial interest in the prod-
ucts or companies described in this article.

Reprint requests to: Tian-Min Xu, Department of Orthodontics, Peking University
School and Hospital of Stomatology, No. 22 Zhongguancun S Ave, Haidian
District, Beijing 100081, China; e-mail, tmxuortho@gmail.com.

Submitted, November 2008; revised and accepted, October 2010.
0889-5406/$36.00

Copyright © 2013 by the American Association of Orthodontists.
http://dx.doi.org/10.1016/j.ajod0.2010.10.028

symptoms, and mandibular movements were normal.
The clinical examination along with the photographs
showed that the maxillary dental midline coincided
with the facial midline, and the mandibular midline
was shifted to the right side by 2 mm. Enamel hypoplasia
was noted on all first molars, especially the mandibular
ones. Generalized mild gingivitis associated with fair
oral hygiene was noted, but probing depths were within
the normal limits.

The dental casts showed Class 111 molar and canine
relationships, and most of the posterior teeth were in
crossbite with unstable occlusal contacts (Fig 2). The
maxillary arch was symmetrical and tapered in shape
with 11 mm of crowding in the anterior region. The pa-
tient had a 1-mm overjet and a 1-mm open bite. The left
lateral incisors were in crossbite as well. The mandibular
arch was symmetrical and had a rounded form with 5
mm of crowding. Maxillary arch intercanine and inter-
molar widths were within normal limits, but the same
measurements in the mandibular arch were much
greater than the norms (Table 1).

The panoramic radiograph showed no missing teeth,
except for the maxillary third molars. Thin condyles were
noticed on the panoramic radiograph. Although the pa-
tient had no temporomandibular joint symptoms, an ad-
ditional examination was undertaken to ensure that
there was no abnormal condylar resorption. Based on
the findings from the cone-beam computed tomography
examinations (3DX; Morita, Kyoto, Japan), we made a di-
agnosis of condylar hypoplasia (Fig 3).
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Fig 1. Pretreatment facial and intraoral photographs at age 16 years.

The cephalometric analysis showed a Class 1 skel-
etal relationship. The mandibular plane was high
with a steep occlusal plane (MP-SN angle, 49.7°;
SN-OP angle, 28.9°). The lower facial height ratio
was slightly increased. Dentally, the maxillary and
mandibular incisors were moderately protrusive rela-
tive to the alveolar base (Table 11). The patient was
diagnosed with a Class 111 malocclusion and a Class
1 skeletal pattern with a high mandibular plane
angle.

The lateral cervical vertebrae on the cephalometric
radiograph showed that the patient had passed her
growth peak, although some growth was expected dur-
ing the treatment. The etiology of this malocclusion was
unclear. A possible explanation was that the severe
crowding in the maxillary arch along with the buccally
displaced and inclined premolars and first molars in
the mandibular arch caused the severe transverse dis-
crepancy.
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TREATMENT OBJECTIVES

The treatment objectives were to correct the Class 111
malocclusion, correct the transverse discrepancy, allevi-
ate the crowding, achieve proper dental inclination, cor-
rect the anterior open bite, and correct the midline
deviation. The high mandibular plane should be at least
maintained or even improved by attempting to produce
counterclockwise rotation of the mandible to improve
the profile.

TREATMENT ALTERNATIVES

The optimal treatment plan included orthognathic
surgery. In this option, the narrow maxillary arch
could be expanded to fit the wide mandibular arch,
or the mandibular arch could be constricted to coordi-
nate with the maxillary arch. Either option would in-
volve more risk and cost. In addition, the patient
would have to wait until age 18 for the surgery.

American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 2. Pretreatment dental casts.

Table I. Dental arch dimensions and digital setup results (in millimeters)

Maxilla Mandible
3-3 4-4 5-5 6-6 7-7 3-3 4-4 5-5 6-6 7-7 8-8
Pretreatment 34.1 36.3 42.8 49.0 54.7 23.2 34.6 46.1 56.7 55.6 60.6
Nonextraction 35.4 42.8 49.9 55.0 60.7 25.3 36.4 44.1 52.6 55.8 58.8
UsL4 34.1 41.9 48.6 54.6 25.5 35.0 43.4 50.1 55.0
usuUe6 34.3 41.6 48.8 54.9 25.6 34.8 41.6 50.4 55.6
Posttreatment 34.5 41.8 48.6 55.0 25.4 34.7 41.6 50.8 56.2

3, Canine; 4, first premolar; 5, second premolar; 6, first molar; 7, second molar; 8, third molar; U, maxillary; L, mandibular.

However, both the patient and her parents rejected
surgery as an option.

The second alternative was orthodontic treatment
only. Due to the significant transverse discrepancy, a dig-
ital setup was used to assist in the treatment planning.
The digital setup allowed us to evaluate multiple treat-
ment options before deciding on the most suitable one
for the patient. Measurements were made on the digital
models (Fig 4). The maxillary intercanine and intermolar
dimensions were close to normal, whereas the mandibu-
lar counterparts were far beyond the norms (Table 1).58
In this condition, if a nonsurgical, nonextraction
treatment plan were adopted, although torque
correction of the mandibular first molars would
provide constriction of 4.1 mm (from 56.7 to 52.6
mm) of the intermolar width, the required maxillary
dentoalveolar expansion would have been substantial
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(from 49.0 to 55.0 mm), possibly unstable, and
probably periodontally unacceptable (Fig 5).° Because
of the severe crowding in the maxillary anterior area
and the maxillary incisor angulations, an extraction pro-
tocol was chosen.

According to the setup results, if the maxillary second
premolars and the mandibular first premolars were ex-
tracted, the mandibular intermolar width would have
to be decreased by 13.3 mm (from 56.7 to 43.4 mm).
We deemed this to be clinically difficult to achieve
through tooth movement alone (Fig 6). 1f the maxillary
second premolars and the mandibular first molars were
extracted, more space would be available to solve the
transverse problem in the mandibular arch. The mandib-
ular second and third molars would be protracted mesi-
ally to replace the first molars. The intermolar dimension
in the mandibular arch would be decreased by 6.3 mm
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Fig 3. Pretreatment radiographs and cone-beam computed tomography image of the left temporoman-

dibular joint.

Table Il. Cephalometric measurements

Measurement Mean SD Initial Final
SNA (%) 82.8 4.0 75.8 77.1
SNB (°) 80.1 3.9 73.1 74.2
ANB (°) 2.7 2.0 2.7 2.9
A-NFH (mm) 0.0 3.7 7.7 —5.8
Pg-NFH (mm) 57 3.8 209 —20.1
Wits (mm) —1.1 2.9 —6.7 —2.8
MP/SN (°) 32.5 5.2 49.7 49.4
MP/FH (°) 31.1 5.6 43.4 43.2
MP/PP () 27.6 46 40.7 37.4
SN/OP (°) 16.1 5.0 28.9 20.6
FH/OP (°) 12.4 4.4 22.6 14.5
U1-AP (mm) 7.2 2.2 10.6 7.5
L1-AP (mm) 4.9 2.1 8.0 4.8
U1/PP (°) 115.8 5.7 121.3 111.4
L1/MP (%) 93.9 6.2 88.4 85.6
U1/L1 () 124.2 8.2 110.0 125.4
Upper lip—E-line (mm) —2.5 1.5 -1.2 —2.9
Lower lip-E-line (mm) 1.4 1.9 3.4 0.6

(from 56.7 to 50.4 mm), 4.1 mm of which could be ob-
tained from altering the buccolingual inclination. More-

over, this would help to correct the steep occlusal plane
(Fig 7).
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The patient and her parents accepted the extraction
plan. The treatment goals were to improve the dental
alignment and coordinate the arch widths, correct the
deviation of the mandibular dental midline, and estab-
lish bilateral Class 1 canine relationships and complete
(lass 11 molar relationships.

TREATMENT PROGRESS

The patient received oral hygiene instructions before
the placement of the fixed appliances. Preadjusted fixed
appliances (0.022 X 0.028-in, MBT system; 3M Unitek,
Monrovia, Calif) were placed. Archwire reformation was
done from the initial alignment with the 0.016-in nickel-
titanium wires including expansion of upper wires and
constriction of lower wires. The amount was about 5
mm in the molar areas. Then compressed coil springs
were placed on reshaped 0.018-in stainless steel wires
to open space for the crowded maxillary left lateral inci-
sor and the mandibular right lateral incisor. When
enough space was obtained, segmented 0.012-in auxil-
iary nickel-titanium wire was used for alignment of the
lateral incisors.

After the alignment, there was little space left in the
maxillary arch, and the incisor relationship became
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Fig 4. Measurements of transverse arch dimensions: intercanine width, distance between the cusp
tips of the right and left canines; interpremolar width, distance between the buccal cusp tips of the right
and left premolars; maxillary intermolar width, distance between the mesiobuccal cusp tips of the max-
illary molars; mandibular intermolar width, distance between the buccal grooves on the molars.

Fig 5. Digital setup results for nonextraction treatment.

edge-to-edge. A minimal overjet was established in the
posterior region. Then the maxillary archwire pro-
gressed to 0.019 X 0.025-in stainless steel wire and
a 0.045-in stainless steel auxiliary expansion arch ex-
tending from the buccal tubes on the maxillary first
molars to further increase the posterior overjet.'® Class
111 elastics were used from the mandibular lateral inci-
sors and canines to the maxillary first molars to in-
crease the anterior overjet. After creation of proper
overbite and overjet, intra-arch elastics were used to
close the extraction space. Then 0.018-in and 0.018
X 0.025-in stainless steel wires were placed sequen-
tially in the mandible. Class 11 elastics and intra-arch
elastics were used to adjust the molar relationship
and close the remaining extraction space (Fig 8). The
auxiliary expansion arch was used for 5 months, and
overcorrection of the posterior crossbite was achieved.

American Journal of Orthodontics and Dentofacial Orthopedics

After 18 months of treatment, the severe trans-
verse arch-width discrepancy was resolved, proper
overbite and overjet were established, and the extrac-
tion spaces were closed. The finishing and detailing
took an additional 6 months. The appliances were
removed after 24 months of active treatment. Maxil-
lary and mandibular Hawley retainers were used for
retention.

TREATMENT RESULTS

A well-aligned dentition and a harmonious facial
balance were obtained. The facial profile was improved
by retracting the mandibular anterior teeth and pro-
tracting the mandibular molars. Muscle strain of the
mentalis and lower lip disappeared (Fig 9). A stable
Class 1 canine and Class 11 molar relationship with
good interdigitation and ideal overjet and overbite

January 2013 e Vol 143 e Issue 1
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Fig 6. Digital setup results for extraction of the maxillary second premolars and the mandibular first

premolars.

Fig 7. Digital setup results for extraction of the maxillary second premolars and the mandibular first
molars.

were achieved despite the occlusion in the right molar
area. This was due to the more severe attrition of the
mesiobuccal cusp of the maxillary right first molar
and the tooth-size discrepancy between the maxillary
first molar and the mandibular second molar. Inter-
proximal reduction was considered but eventually re-
fused by the patient because she was already satisfied
with the result and wanted to finish treatment. The
dental midlines were coincident (Fig 9). The final result
was remarkably similar to the digital setup prediction
(Figs 7 and 10, Table 1).
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The panoramic film showed no significant root re-
sorption or alveolar bone loss (Fig 11). Cephalometric
superimposition showed that the incisors were re-
tracted, the profile was improved, the steep occlusal
plane returned to normal, and the mandibular plane
was maintained (Fig 11). The model superimpositions
showed significant changes in the mandibular arch
widths. The mandibular second molars were mesially
displaced by about 5.5 mm (half of the extraction
space) (Fig 12). Before treatment, the patient had an
unstable occlusion resulting from a severe transverse

American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 8. Intraoral photographs 12 months into treatment: a 0.045-in stainless steel auxiliary expansion
archwire was used to further increase the posterior overjet. Class Il elastics from the mandibular sec-
ond molars to the maxillary hooks and intramandibular elastics were used to further close the remaining

space and adjust the molar relationship.

Fig 9. Posttreatment facial and intraoral photographs at age 18 years.

discrepancy. After treatment, a well-intercuspated oc-
clusion was obtained, and the patient was able to oc-
clude comfortably.

Records taken 25 months after treatment indicate
that the correction of the posterior crossbite remained
stable, and the profile was improved (Fig 13).

DISCUSSION

Theoretically, treatments of posterior crossbite differ
markedly, depending on the underlying cause. Skeletal
crosshites, usually resulting from a narrow maxilla but
occasionally from an excessively wide mandible,

American Journal of Orthodontics and Dentofacial Orthopedics January 2013 e Vol 143 e Issue 1
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Fig 10. Posttreatment dental casts with lingual occlusion views.

generally are treated by heavy forces to open the mid-
palatal suture. Dental crossbites are treated by moving
the teeth with lighter forces.'' The preferred appliance
for correction of maxillary dental constriction is an ad-
justable lingual arch that requires little patient cooper-
ation. Both the W-arch and the quad-helix are reliable
and easy to use. If teeth in both arches contribute to
the problem, cross-elastics between banded or bonded
attachments in both arches can reposition both the
maxillary and the mandibular teeth. The vector of the
elastic pull moves the teeth vertically and buccolin-
gually; this will extrude the posterior teeth, reduce
the overbite, and rotate the mandible downward and
backward. Therefore, cross-elastics should be used
with caution in patients with increased lower face
height or limited overbite.

It is uncommon that posterior crossbite in this pa-
tient resulted from a normal maxilla and an excessively
wide mandible. Steep mandibular and occlusal planes
and an anterior open bite increase complexity of treat-
ment. In such a complicated situation, a diagnostic
setup is useful to assist treatment planning. Treatment
planning is a key element for successful outcome. The
diagnostic setup was introduced by Kesling'” in 1956.
Individual teeth on the models could be manually
sectioned and repositioned to desired locations with
wax. The treatment results could be visualized in
advance.

January 2013 e Vol 143 e Issue 1

Digital diagnostic setups were developed to obtain
treatment predictions in a more efficient way. Three-
dimensional setups could help clinicians during
diagnosis and treatment planning to determine vari-
ous treatment options, monitor changes over time,
predict and display final treatment results, and mea-
sure treatment outcomes accurately.'>'* However,
one thing must be kept in mind: tooth movement
has no limits on computers. No matter which
alternative is applied, good alignment and occlusion
can be achieved on the computer screen, but the
same result might not be realistic for the patient.
Tooth movement has biologic limitations. Too much
expansion or contraction might lead to an unstable
result or even a disastrous consequence. So, the
digital setup results must be analyzed based on
biologic principles and clinical experience. The most
appropriate option should be both theoretically
sound and clinically realistic.

In this patient, the crossbite was due to an exces-
sively wide mandibular arch. Generally, the mandib-
ular transverse dimension is difficult to modify,
because of the thick cortical bone. If nonextraction
therapy were used, maxillary expansion would have
been required, leading to clockwise rotation of the
mandible and an increased anterior open bite. Ex-
tractions, on the other hand, provided the space to
align the dentition and adjust the transverse
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Fig 11. Posttreatment radiographs and superimposed cephalometric tracings.

dimension. Extraction of the maxillary second and
mandibular first premolars is a typical pattern for
treating a Class 111 malocclusion, but it was not
adopted because the setup results indicated that it
was impossible for the mandibular first molars to
be constricted by 13.3 mm without penetrating the
lingual bony plate. Extraction of the maxillary sec-
ond premolars and the mandibular first molars was
finally chosen, because this would lead to a treatment
result that could be achieved. The constriction of 6.3
mm could be obtained from buccolingual inclination
change (4.1 mm) and mesial movement of the second
molar. In addition, extraction of the compromised
mandibular first molars would minimize the need

American Journal of Orthodontics and Dentofacial Orthopedics

for future restorations.'> More space would be avail-
able in the mandibular arch for comprehensive
adjustment.

The final result shows that normal maxillary arch
width was maintained, and the abnormal mandibular
arch width returned to a normal value. The mandibu-
lar dentition was retracted and constricted. Reforming
the shape of the archwires from the beginning
of treatment proved to be effective in correcting
the transverse discrepancy. Light but continuous force
released from the reformed archwires might be bene-
ficial to alveolar remodeling. Good lingual occlusion
indicated that the posterior crossbites were corrected
not through lingual tipping of the mandibular second

January 2013 e Vol 143 e Issue 1
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Fig 13. Facial and intraoral photographs 25 months after treatment.

molars, but through bodily movement in an antero-
posterior and buccolingual direction, resulting in
a stable occlusion (Fig 9). The 0.045-in stainless
steel auxiliary expansion archwire was used only
to maintain the maxillary arch width and achieve
overcorrection.

CONCLUSIONS

A Class 111 patient with a severe transverse discrep-
ancy, a high mandibular plane angle, an open bite,
and an unstable occlusion was successfully treated
with simple and sound appliances and mechanics.

January 2013 e Vol 143 e Issue 1 American Journal of Orthodontics and Dentofacial Orthopedics
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The treatment was successful because of a proper
diagnosis and treatment plan. A novel and innovative
technique is an important part of diagnosis in complex
cases.
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