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Abstract

The advancement of technology has brought some successful and
progressive innovative methodologies in treating orthodontic condi-
tions such as unilateral cross-bite, protrusive malocclusion, molar
derotation, dental asymmetry and premature loss of primary molar
teeth. The Trans-Palatal Arch (TPA) is such innovative orthodontic
treatment methodologies which have shown impressive treatment
results. It comprises of stainless-steel bands around the posterior
molar teeth and a looped wire that crosses the mouth palate without
touching it. This review covers properties, uses and limitation of TPA
in treating orthodontic conditions. Regardless of some limitations in
the clinical use of TPA yet it is widely recommended for its various
functions as advantages outweigh its limitations.
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Introduction

Historically in view of correction of different orthodontic condi-
tions, various methods have been applied with progressing successes
while others failed to correct the problems. [1] Advancement in tech-
nology has brought some innovative methodologies which have been
applied and shown impressive improvement in treating some ortho-
dontic conditions like unilateral cross-bite, protrusive malocclusion,
molar derotation, dental asymmetry and premature loss of primary
molar teeth. The maxillary lingual arch with adjustment loops has
been described for use in the upper jaw but are neither common nor
familiar to many clinicians and contraindicated only in patients whose
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bite depth causes the lower incisors to contact the arch wire on the lin-
gual side of the maxillary incisors. [1] A modified maxillary lingual
arch described by Nance in 1947 does not contact the anterior teeth,
but rather approximates the anterior palate. Nance appliances provide
resistance to anterior movement of the posterior teeth and maintain
the space effectively. It may cause accumulation of bacteria and food
debris often result in palatal and soft tissue inflammation and pain.
Poor oral hygiene or distortion of the appliance can lead to palatal
tissues hypertrophy and hence soft tissue embedment of the acrylic
portion. [1,2] However, the Transpalatal Arch (TPA) a thin wire that
goes across the roof of the mouth from right upper first molar to left
upper first molar, soldered to molar bands, and runs across the palatal
vault, avoid contact with the soft tissue. It follows the vault of the pal-
ate, is comfortable, does not interfere with normal speech and avoids
palatal soft tissue irritation and inflammation [1,3].

Fashioned to cross the roof of the mouth, TPA has been used in
maintaining of arch widths, derotate unilaterally or bilaterally rotated
molars, control upper molar eruption, correct unilateral crossbites for
maxillary expansion and buccal root torque of upper molars, reinforce
anchorage and prevent mesial movement of the upper first permanent
molars during treatment and correct mesiodistal asymmetry [2-4] Fig-
ure 1 below.

Figure 1: Transpalatal arch.

Due to its closeness to the roof of the mouth, extra care is needed
in cleaning around this appliance, by use of floss and the toothbrush,
removing food particles and plaque from around this appliance and
avoidance of sticky foods can be very beneficial in keeping this ap-
pliance in its rightful place [4]. Together with its functions there are
some limitations in its uses including anchorage loss, tipping, vertical
dimension control, pain, and poor adjustability [5-14]. Therefore, the
aim of this review is to discuss properties, different uses and limita-
tions of TPA in orthodontics.

TPA Properties
TPA Wire Properties

On testing Sagittal and vertical load-deflection and permanent
deformation of transpalatal arches connected with palatal implants,
Adriano et al., [15] used Stainless steel wires of 6 dimensions:
0.8x0.8, 0.9, 1, 1.1, 1.2, and 1.2x1.2 mm. Absolute orthodontic an-
chorage without deformation of TPAs was not observed with the wire
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dimensions tested. To prevent loss of anchorage, wires thicker than
1.2x1.2mm or cast anchorage elements must be considered for clini-
cal practice. However, larger cross sections might cause more patient
discomfort, and laboratory procedures increase costs. [15] Forming a
passive TPA can be made from stainless steel round wire and should
cause no forces, couples or tooth movement once inserted. Widening
or narrowing the palatal arch, TPA can be modified to produce a new
deactivated shape which can produce a tooth movement once the wire
is placed in the attachments by generating force to expand or constrict
the intermolar width. The shape produced when the wire is fully en-
gaged in the attachments is the activated shape. Ideally, the activated
shape and the passive shape should be identical, so that comfort and
soft-tissue contouring are optimal. Adjusting the palatal loop helps
to keep the TPA appropriate distance from the palate. TPA can also
generate couples through activation of various vbends [16].

Moment-to-Force Ratio

Balidini and Luder [17] concluded that, moment-to-force ratio
increase with increasing arch height and moment-to-force ratio rose
with increasing torque. This indicates that when low palatal bars
are used, the application of buccal root torque of clinically relevant
amounts leads to an initial buccal crown tipping, whereas the same
amounts of torque, when applied by means of high arches, bring about
an initial buccal root tipping. Therefore, can be concluded that, use
of different types of transpalatal arches with different load-deflection
rates renders it difficult to get accustomed to the number of compen-
satory bends necessary for the desired tooth movement and should
thus be avoided. Therefore, if heavy arches with a cross section of
0.9 mm and more are used, the buccal root torque bends should not
exceed 10 to avoid unnecessary high force delivery.

Functions of TPA

Unilateral Cross-bite Correction

The treatment of a unilateral dental crossbite can be performed
with a lingual arch in the mandible and TPA in the maxilla. In the case
of lingually tipped upper molar, a rigid arch wire is tied to all teeth
except the molar in crossbite. Buccal root torque is placed in the TPA
on the side that is not in crossbite. When the TPA is inserted into the
bracket, the horizontal part of the TPA will be occlusal to the bracket
on the crossbite side. In addition, expansion activation should be built
in the transpalatal arch. When this TPA is engaged, the force system
created causes the desired buccal tipping of the molar in crossbite
[18]. Bengt et al., [19] reported a clinical investigation of the correc-
tion of the unilateral first molar cross bite with TPA evaluated in 35
children. The outcome of the force system when the TPA was activat-
ed for expansion and root torque effectively corrected the crossbite.

Vertical Molar/Height Control

Transpalatal arch has been found to interfere with the normal
vertical descent of the upper molars and therefore retards maxillary
vertical alveolar development especially when it is placed low due to
the tongue pressure. [20] However, maximum pressure is obtained
when the loop of the TPA about 6mm from palate is placed at the
middle of the palatal mucous membrane between the right and left
second molars. [18] Mark et al., [21] corrected a bimaxillary protru-
sive malocclusion, complicated by a vertical growth pattern and high
mandibular plane angle, with teeth extraction and transpalatal arch to
maintain vertical height.
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The results were good as the open bite did not express itself, partly
due to the use of a transpalatal bar, and occipital headgear and the
large amount of ramal growth achieved.

Additionally, Marc et al., [22] performed a retrospective study
to examine the skeletal and dental effects of a modified transpalatal
bar, dubbed the Vertical Holding Appliance (VHA), used to control
the vertical dimension of high-angle patients. Two cephalometrically
similar groups of high-angle patients were compared to determine ad-
vantages from using the VHA. Lower anterior face height increased
more in group II than in group I. The percentage of lower anterior face
height to total anterior face height decreased in group I, whereas it
increased in group II. The difference between the two groups was de-
termined to be significant. Eruption of the maxillary first molar within
group I was less than in group II. Also, Joseph et al., [23] reported the
treatment of maxillary skeletal retrusion and severe arch length dis-
crepancy of a 10-year-old boy, of which Edgewise Hawle retainer was
placed along with fixed TPA placed on the terminal second molars to
prevent further eruption of these teeth until the lower third molars
erupted into the occlusion.

Anchorage

As most of published studies on the use of TPA are case reports,
[24-30] in this particular aspect of anchorage, transpalatal arch to-
gether with other appliances such as implants, onplants and high pull
face bow provided maximum anchorage for maximum retraction of
the anterior teeth with successful results in cases with classl maloc-
clusion, steep mandibular angle, bimaxillary protrusion and a congen-
itally missing lower left premolar and in class II dental malocclusion
of severe overjet, proclination of the maxillary anterior teeth, with
minimal crowding. On the other hand, in the management of impact-
ed canine with cantilever, first maxillary molar derotation, maxillary
molar intrusion with screws in class II deep overbite and crowding,
TPA was used to enhance anchorage with good results. Finally, a
study done by Renato et al., [31], to evaluate the distal tipping of par-
tially retracted canines and the mesial movement of the molars with
the T-loop, used Passive TPAs and lingual arches of 0.9 mm stainless
steel wires to consolidate the left and right segments revealed that the
reciprocal moments do not occur in the posterior segment because
the force is bilateral, and the moments are canceled since the TPA
connects the right and left posterior segments therefore, transforming
the several posterior teeth into a large multirooted tooth with 1 Center
of Resistance. Small changes in the buccolingual inclinations of the
canines can occur because the intrusive force is applied buccally to
the Center of Resistance.

Teeth Derotation/Rotation

It has been shown that mesiopalatally rotated first molars in class1
patient with bimaxillary crowding and in class I malocclusion can be
derotated with a transpalatal arch when accompanied by distal force
equivalent at the level of maxillary first molar center of resistance
and can provide center of rotation approximating lingual attachment.
[32-34] This produces an arch gain length of 2.1mm anterior to the
molar while simultaneously impinging on maxillary second molar
space 1.2mm (per side). However, the derotation is also achieved be-
cause of distobuccal rotation and distal tipping of the activated mo-
lar of which activated molars moved in a mean distal direction of
1.2mm. However, Edsard et al., [35] stipulated that, rotated molars
are frequently seen in the maxillary arch. They further stated that, a
mesial-in rotation of one molar can be corrected when a transpalatal
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arch is used with equal amount of antirotation activations, while at the
same time a 0.018x0.025-inch stainless steel wire is tied into all teeth
except the rotated molar. Lisa et al., [36] used TPA in rotating and
stabilizing maxillary first molars during levelling and alignment and it
was removed during canine retraction with minimal loss of posterior
teeth anchorage.

And Thomas et al., [37] used TPA to facilitate asymmetric dis-
placement and rotation of upper canines in ankylosed upper left cen-
tral incisor.

Maintaining Arch Width

Transpalatal arch has been used to maintain arch width [38-39]
after expansion treatment in case with high mandibular plane angle,
severe maxillary arch length deficiency, and significant transverse
discrepancy. Also, in a patient with unilateral maxillary cross bite,
immediately after the removal of rapid palatal expander in a patient
with class II division I, anterior openbite and constricted maxilla and
in dental and skeletal Class III relationships and maxillary arch-length
deficiency. On the other side, Rajendra et al., [40] used TPA to main-
tain distalized maxillary molar in patients treated by BDA (Biometric
Distalize Arch).

Molar Distalization

Adriano [41] described that, a TPA of Stainless-Steel wire soldered
to the palatal implant cap can be used to distalize upper right first mo-
lar and correct dental asymmetry. The line of action of the force is
through the center of resistance to achieve translation. Ibraham et al.,
[42] performed a comparison study of 2 distalization systems support-
ed by intraosseous screws, TPA with the intraosseous screw used to
distalize maxillary molars with mean distalization of 4.85mm. Also,
Seung et al., [43] reported to use TPA with the intraosseous screw to
provide anchorage and distalize maxillary arch in bimaxillary protru-
sive patient. In which maxillary molars were distalizedabout 5 mm
at crown level and 3 mm at apex level. Furthermore, Serhat et al.,
[44] determined the dentoalveolar and skeletal effects of a TPA in
unilateral maxillary first molar distalization, with the treatment group
consisted of 15 patients. The maxillary first molars, which were in a
dental Class I relationship were the anchorage units, while the mo-
lars in Class II relationship (distalized molars) were distalized using a
TPA with 150 g of force. The mean unilateral molar distalization was
2.067 mm, with 3.733 distal tipping and 4.800 distopalatinal rotation.
The results showed that the TPA was effective in the asymmetric dis-
talization of the maxillary first molars.

Control Tipping of Posterior Teeth

In correcting occlusal plane canting, openbite and to retract the
maxillary dentoalveolar process by using the extraction space of the
bilateral maxillary first premolars [10,45-49] a trans palatal arch has
been applied to control the transverse tipping, prevent distortion of
arch form and buccoversion of posterior teeth that face an intrusion or
extrusion force.

Treatment of Asymmetric Left and/or Right Buccal Occlu-
sion

Often right and left molar relationship is asymmetric. To correct
uniarch molar asymmetries a lingual or palatal arch activation is made
to deliver a tip forward moment on the Class I side and a tip-back mo-
ment on the Class II side. This is a good example where side effects
are useful in the correction of the problem [10].
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Arch Expansion

In the correction of class II division 2, Steven [50] inserted a
transpalatal appliance into the lingual sheath of maxillary first molars
which was activated for mild expansion and rotation with 3.5mm arch
width gain. The transpalatal appliance was positioned approximately
2mm off the palate to help maintain the vertical height. Also, Law-
rence et al., [S1] placed TPA to help widen maxillary arch, in a class 11
division I malocclusion patient with deep anterior overbite and facial
imbalance. Additionally, in Class II division 1 open bite case, David
et al., [52] used TPA for molar expansion in which a soldered TPA
with expansion was cemented on the first maxillary molars. Similarly,
Mikako et al., [53] reported to treat anterior open bite with Skeletal
Anchorage System. The upper arch was aligned with progressive ex-
pansion by a precision transpalatal arch. The teeth were well aligned
and favorable interdigitation was achieved.

Teeth Intrusion/Extrusion

Transpalatal arch in combination with screws can be used in in-
trusion of maxillary second molar. In class III pattern, with extruded
upper second molar a 2.5mm intrusion of palatal cusps of maxillary
second molars with attached hooks to transpalatal arch was achieved
[54] Figure 2 below.

p

Figure 2: TPA with hooks to intrude second molar

J

Also, Eve and Winfred [55] stated that, after expansion and re-
tention of maxillary arch with quad-helix in a patient with impacted
maxillary canine, a segmental wire attached to TPA was used to fur-
ther extrude impacted canine which was initially surgically exposed.
Additionally, Jae and Tae treated extrusion of the maxillary left first
molar because of loss of the mandibular first molar and lingual tilting
and rotation of the mandibular second molars byusing mini-implants
and a TPA with hooks, a 3-mm intrusion was successfully made on
the maxillary left first molar [42].

Space Maintainer

When one or several primary molars are lost, an appliance may be
needed to prevent disturbances in the developing dentition. Therefore,
the appliance is designed to maintain the relationship among the re-
maining teeth and guide the eruption of permanent teeth [56].
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Limitations of Using TPA
Anchorage Loss

A study done to evaluate and compare orthodontic anchorage ca-
pacity of 4 anchorage systems during aligning and space closure af-
ter maxillary premolar extractions showed that, the maxillary molars
were stable during the aligning in the Onplant, Orthosystem implant
and headgear groups, but the transpalatal bar group had anchorage
loss. During the space-closure phase, the molars were still stable
in the Onplant and Orthosystem groups, whereas the headgear and
transpalatal bar groups had anchorage loss (means, 1.6 and 1.0 mm)
respectively [S].

Michael et al., [25] compared the use of onplant supported TPA
and without in dogs and monkey to provide anchorage, and results re-
vealed that, TPA without on-plant support had greater loss of anchor-
age than supported one, with anchorage loss of 1.2mm in anchored
molars and 4.1mm in nonanchored molars.

Nevertheless, another study was done in which the finite element
method was used to simulate the movement of anchor teeth subjected
to mesial forces with and without a TPA. The tipping angles of anchor
teeth with and without the TPA were almost the same 28° and 31°
respectively. This conclude that, the TPA had no effect on the initial
movement. And in the orthodontic movement, the TPA had almost no
effect, preserving anchorage for mesial movement as there was Smm
molar mesial movement. [6,7] TPA supported implant used for en-
hancing anchorage in patients treated with extraction of the maxillary
first premolars, anchorage loss of 0.7 mm to 1.1 mm was obtained.
[8,27] And Tian et al., [9] performed a study which included growing
subjects who required maximum anchorage, headgear and TPA were
used and there was average Anchorage loss of 4.3+2.1mm.

Tipping/Protrusion

In the use of Hilgers pendulum and implant supported TPA to dis-
talize maxillary molars it was found that, Anchorage loss was signif-
icant in the pendulum group because of the acrylic button inpalatal
depth which is insufficient to resist the reciprocal mesial force of the
appliance. Therefore, anchorage loss was seen, especially with the
proclination of the maxillary teeth; however, anchorage was not lost
in the implant group. The amount of distal tipping of the maxillary
first molars was significant in the implant group.8 However, in im-
plant supported TPA used to distalize maxillary molars showed that
maxillary molars were rotated distopalatally to a moderate degree,
Mild protrusion of the maxillary central incisors was also recorded
[10].

Vertical Dimension Control

John [11] conducted a retrospective cephalometric study of pa-
tients with and without transpalatal arches to measure upper molar
eruption and its clinical significance to vertical control. The results
showed that no statistical difference between control and test group.
Gerhard and Frank [12] reported on TPA used in the intrusion of up-
per left second molar with the anchorage on the first molar. Stating
that as a reaction to the intrusive force acting on the second molar, an
extrusive force will be exerted on the first molar.

Bucocclusal forces normally are sufficient to prevent first molar
extrusion. If antagonist is missing buccalroot torque to the TPA at the
anchorage tooth is added.
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Pain/Discomfort

Discomfort and pain can be experienced during TPA wear and
debonding. This Pain can be relieved by giving analgesics 1hour be-
fore treatment [13].

Poor Adjustability

Modified-TPA shows poor adjustability according to its architec-
ture [14].

Conclusion

Based on the current review, Trans-Palatal Arch is effectively ap-
plicable in establishment and maintaining of arch widths, derotate
unilaterally or bilaterally rotated molars, control upper molar erup-
tion, correct unilateral crossbites for maxillary expansion and buccal
root torque of upper molars, reinforce anchorage and prevent mesial
movement of the upper first permanent molars during treatment and
correct mesiodistal asymmetry. Implant supported TPA showed to
have greater potential to control anchorage than conventional ones.
Also, there are some limitations in its uses including, anchorage loss,
tipping, protrusion, vertical dimension control, pain, discomfort, and
poor adjustability.

Recommendations

Due to the limited information about TPA use in the literature,
further studies on the use and limitations of TPA are recommended.

Regardless of some limitations in the clinical use of TPA yet it is
widely recommended for its various functions as advantages surpass
most of the limitations.
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