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ABSTRACT
Technological advancements are prevalent in modern life. This article presents a case of using technology in orthodontics to improve patient 
and clinician comfort. Rapid maxillary expansion (RME) has become conventional in orthodontic practice, especially at the early stages of skel-
etal development. In this case, a patient with a narrow maxilla and nasal floor obstruction was treated with a computer-aided design–computer-
aided manufacturing (CAD-CAM) milled RME appliance bonded with a 6-band metal-cast structure and partial occlusal covering. One of the 
key advantages of this appliance is the ability to create a custom metal casting to improve stability and retention. Additionally, the appliance 
is fabricated with inert titanium, without allergenic acrylic resin, making it suitable for patients with allergies. The aim of this case report is to 
demonstrate the use of modern technologies, including a CAD-CAM milled RME appliance with a Keles Keyless Expander (KKE) anchored to the 
permanent teeth, to correct transverse deficiency of the maxilla and mitigate nasal airway obstruction. ENT doctors should recommend RME 
treatment to growing patients suffering from nasal airway obstruction.
Keywords: CAD-CAM fabricated RME, kKeles Keyless expander, nasal floor

Introduction

Maxillary deficiency is a prevalent issue in orthodontics and 
can lead to nasal airway obstruction due to a combination of 
various dental and skeletal factors that can affect facial aes-
thetics.1 The width of the maxillary base plays a crucial role in 
determining nasal airway patency, and it has been suggested 
that treatment for this malocclusion should involve maxil-
lary expansion.2,3 It has also been reported that expansion can 
result in a “spontaneous” correction of a retruded mandible due 
to a forward posture.4,5 Indications for the use of rapid maxil-
lary expansion (RME) appliances include unilateral or bilateral 
posterior crossbite correction, cases with skeletal or dental 
maxillary constriction or a combination of these, cleft lip and 
cleft palate with collapsed maxilla, gaining arch width for cor-
recting moderate maxillary crowding or expanding the maxilla 
by more than 4 mm, and improving nasal airway resistance.6,7 
RME appliances can be divided into several types. For this case, 

a computer-aided design–computer-aided manufacturing 
(CAD-CAM) milled RME with a Keles Keyless Expander (KKE) 
was used to treat maxillary transverse deficiency.

Case Presentation

This case involved a male patient 12 years and 6 months 
old with a maxillary transverse deficiency treatment plan. 
The upper and lower midlines coincided on the facial mid-
line. Increased overjet and overbite were observed, and mild 
crowding was examined in the anterior sections of both jaws 
(Figure 1). A hand and wrist radiograph showed that the patient 
was in his pre-peak skeletal stage (MP3=), and a panoramic 
radiograph of the patient showed no caries or pathology.

A facial evaluation showed protruded upper and lower lips. The 
patient was a partial mouth breather, and functional analysis 
revealed no signs or symptoms of dysfunction. Because the 
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patient had an arrested mandible and was a mouth breather 
at night, we decided to apply RME with a new-generation KKE 
to mitigate nasal airway obstruction, reduce air resistance, and 
relax movement of the mandible.8 We designed a CAD-CAM 
milled RME appliance to ensure a more effective suture open-
ing and patient comfort.

The process of fabricating the upper jaw involved utilizing an 
intraoral scanning device (CEREC, Sirona Dental, Germany) to 
create a report in STL format, which was then sent to the lab-
oratory (Teknoline Dental Laboratory, Istanbul, Türkiye). The 
appliance design was created using the EXOCAD software pro-
gram (Darmstadt, Germany); it featured a 6-band metal-cast 
structure with a partial occlusal covering of the posterior teeth 
(Figure 2). Once the final design was approved by the physi-
cian, the design file was converted for the milling software. The 
milling software performed a preliminary routine that nested 
the virtual cast within a metal blank and mapped out the 
appropriate tool path. The metal blank was then attached to a 
milling fixture and placed within the highly precise 5-axis mill 
after the tool path had been verified and approved. The exact 
milling time varied depending on the design of the metal cast, 
but it typically required a few hours. Finally, a novel expansion 
screw, a KKE, was soldered to the model that was obtained 
with CAD-CAM by laser soldering, and the appliance was con-
trolled with a dental cast before cementation.

A CAD-CAM milled RME appliance with a Keles Keyless 
Expander anchored to the permanent teeth was employed. 
Glass ionomer cement was used to bond the appliance 
(Figure 3A). The activation protocol for the expansion screw 
was one turn a day, and every turn was equivalent to 0.3 
mm. After 1 week, the patient was called back for monitor-
ing, and an anterior diastema had formed (Figure 3B). An 
occlusal radiograph was taken to observe disjunction of the 
mid-palatal suture, and the patient was advised to expand 
the appliance for 2 more weeks (Figure 3C). Correction of the 
maxillary transverse deficiency was achieved after 21 turns. 
The appliance was then left fixed and passively in situ for 
about 4 months to allow for bone restructuring of the mid-
palatal suture. After 4 months, interproximal spaces of 2.5 
mm on both sides were obtained between the premolars and 
the first molars. In the dental casts obtained before treatment, 
there was a narrow maxillary arch (Figure 8). After the treat-
ment, the maxillary arch was expanded by 5 mm. According to 
cone beam computed tomography (CBCT) which were taken 
before and after 6 months of treatment analysis, the inferior 
portion of the lateral walls of the nasal cavity was expanded 
1.5 mm compared with the initial size in the coronal section, 
and a 4° molar tipping was found. We measured the field of 
the concha nasalis inferior at T0 and T1 and determined the 
size to be 6.449 cm3 and 7.004 cm3, respectively, in the coro-
nal section (Figure 4). Then, the appliance was removed from 
the mouth, and the teeth surfaces were cleaned. Fixed orth-
odontic treatment was started.

Informed Consent
The patient was informed about the treatment, and written 
informed patient consent was obtained from the patient’s 
family.

Discussion

Palatal expanders are an efficient method for correcting 
transverse discrepancies and alleviating nasal airway issues in 

Main Points

•	 Rapid maxillary expander was easy to use with CAD-CAM 
designed.

•	 Since there is no nickel in the expansion appliance produced 
with CAD-CAM method, there is possibility of an allergic 
reaction.

•	 Rapid maxillary expander was obtaining with a single impres-
sion with an oral scanning device and a custom-made metal 
casting with 6 bands.

Figure 1.  Initial intraoral photos.
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early mixed dentition.5,9 The RME appliance with KKE, which 
is fabricated from custom-made metal castings covering the 
permanent premolars and first molars, offers several clinical 
advantages, including a speedy manufacturing and fitting pro-
cess. The process can be expedited through close collabora-
tion with the dental technician, who can create the appliance 
from an STL format or alginate impression. The bands in con-
ventional appliances must be adapted to the poorly retentive 
tooth anatomy of the permanent premolars, whereas the RME 
appliance with KKE is easily adapted to the permanent teeth 
once it has been received by the clinic. The clinician only needs 
to bond the appliance to the teeth with glass ionomer cement 
or composite material, a process that is both fast and simple 
and reduces the need for patient compliance.10,11

The rigid metal-cast structure involving 6 permanent teeth 
and using glass ionomer cement provides greater stability 
and retention than traditional appliances.12 The appliance is 
made from biocompatible materials (inert biomedical titanium 
and laser welding), which makes it suitable for use in patients 
with metal allergies. The partial occlusal coverage provided 
by the rigid metallic structure separates the occlusion, allow-
ing the muscles to abandon their habitual shift and enabling 

the mandible to maintain a centric relation during treatment. 
Previous studies have demonstrated significant differences 
in nasal width after RME, which supports the findings of this 
case report.13 Tooth-borne expanders are more hygienic than 
tissue-tooth–borne ones, as they have no acrylic pad and pre-
vent soft tissue irritation caused by food impaction under the 
acrylic plate.14 In a recent study, CBCT was used to examine 
the buccal tipping of the molar teeth. The researchers found 
that a patient treated with the Haas group had more buccal 
tipping (8.25 degrees).15 In this study, there was a 4-degree 
buccal tipping of the molar teeth.

RME procedures aiming at correcting maxillary constriction 
improve the dimensions of the upper airway. An increase 
in nasal cavity width after RME procedures, particularly at 
the nasal floor adjacent to the mid-palatal suture, has been 
observed in the literature.16 In this case, in the coronal view, it 
was possible to verify a significant transverse movement in the 
inferior portion of the lateral walls of the nasal cavity, with a 
value of approximately 1.5 mm, and consequent distancing of 
the nasal conchae in relation to the nasal septum.

This case demonstrates that modified cast RME appliances 
anchored to the permanent teeth constitute an effective 

Figure 2.  CAD-CAM designing with EXOCAD.

Figure 3.  (A) Intraoral photos after appliance cementation, (B) intraoral photos after one week, (C) occlusal radiograph after 1 week.

Figure 4.  Comparison of concha nasalis inferior, buccal tipping, and anterior nasal airway on CBCT images (3D Slicer version 5.6.2).
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method to treat maxillary transverse deficiency. The nasal floor 
was expanded with RME treatment using the KKE. An increase 
in the nasal cavity volume due to a lateral movement of the 
nasomaxillary complex was observed. The modified RME appli-
ance has various advantages in terms of patient compliance 
and speed of application because fabrication can be obtained 
with a single impression. The metal casting fits entirely to the 
anatomy of the permanent teeth. Additionally, usage of this 
method increases the stability and retention of the appli-
ance with glass ionomer cement. The results demonstrate the 
effectiveness of the modified cast RME appliance with a posi-
tive impact on the nasal dimensions and skeletal parameters 
of growing children with maxillary deficiency. RME treatment 
should be recommended by ENT doctors to growing patients 
who suffer from nasal airway obstruction.
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