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Abstract
Background: Miniscrew-Assisted Rapid Palatal Expansion (MARPE) has 
emerged as a promising method for non-surgical maxillary expansion in young 
adults. However, in skeletally mature patients undergoing orthognathic surgery, 
the resistance of the midpalatal suture often requires more invasive procedures 
like SARPE. Case report: A skeletally mature patient with transverse maxillary 
deficiency was scheduled for orthognathic surgery. The patient presented with 
maxillary constriction and dental crowding, requiring transverse expansion 
as part of the treatment plan. A modified, minimally invasive MARPE protocol 
adapted to be used with orthognathic surgery, termed MISMARPE, was performed. 
Conclusion: MISMARPE offers a viable alternative to SARPE in select orthognathic 
surgery cases, allowing for skeletal expansion with less invasiveness. This 
technique may represent a promising adjunct in managing transverse maxillary 
deficiency in adult patients.

Keywords: MARPE, SARPE, MISMARPE, Orthognathic surgery, Custom-made, 
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Introduction
Maxillary transverse deficiency is a commonly confronted issue in orthodontic patients, 
particularly among adults (1). This condition can be either a unilateral or bilateral 
posterior crossbite (2) and often requires correction through maxillary expansion. In 
younger, prepubertal patients, this treatment is anticipated (3), with rapid maxillary 
expansion (RME)—also called rapid palatal expansion (RPE) commonly used to 
separate the midpalatal suture, then followed by orthopedic widening of the upper jaw 
(4). However, in post-pubertal patients, including adolescents and adults, the use of 
RME becomes more disputable, as the midpalatal suture usually is fused, making non-
surgical expansion more challenging. As a result, such treatments can lead to unwanted 
results, like dentoalveolar compensation (5) and adverse dental or periodontal effects 
on the anchoring teeth instead of performing actual skeletal changes (6). To address 
this difficulty, surgically assisted rapid palatal expansion (SARPE) is used to rectify 
maxillary transverse discrepancies in post-pubertal patients by surgically splitting the 
circummaxillary sutures (7), despite the corresponding high costs and possibilities for 
increased postoperative complications (8).
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Case Report 
In addressing a transverse maxillary deficiency, 
the MISMARPE (Minimally Invasive Surgical and 
Miniscrew-Assisted Rapid Palatal Expansion) 
technique was meticulously planned and executed on a 
29-year-old female patient requiring skeletal maxillary 
expansion.
The surgical planning was predicated on high-resolution 
three-dimensional DICOM imaging, facilitating a 
comprehensive assessment of the maxillary bone 
structures and their spatial relationship with the dental 
roots. The STL file of the patient’s upper arch was 
acquired and digitally aligned with the CBCT scan, 
thus enabling accurate anatomical reconstruction and 
enhancing the virtual planning of screw placement 
(Figures 1 and 2).
As delineated by Haas Junior et al. (13), the STL file 
of the expander screw was incorporated and precisely 
positioned in the desired location. The placement of 
miniscrews was meticulously planned, maintaining 
an approximate distance of 1.0 mm from the contour 
of the palatal mucosa, utilizing the file addition and 
positioning tool (Figure 1). Particular attention was 
given to the correct orientation of the screws (Figure 
2), ensuring respect for anatomical structures, thereby 
avoiding injury to the dental roots or periodontal tissue, 
and guaranteeing an appropriate insertion depth into 
the bone.

A robust device that directly applies expansion forces to 
the basal bone can facilitate maxillary separation in post-
pubertal patients (6). To achieve this clinical objective, 
miniscrew-assisted rapid palatal expansion (MARPE) 
devices have been introduced and extensively studied 
in recent years (9). Unlike the traditional RPE technique, 
MARPE decreases the likelihood of dentoalveolar 
compensation and other undesirable effects in post-
pubertal patients (6). Compared to SARPE, MARPE 
presents a less invasive approach with fewer adverse 
effects on patient-reported issues and is generally more 
cost-effective (5). Additionally, the transition from a fully 
analog workflow to a digitally integrated procedure has 
been demonstrated to be feasible with the MARPE 
technique (10).
Nevertheless, the requirement for hospitalization 
causes many patients to avoid this approach. To 
reduce morbidity and expand the indications for 
MARPE, a modified technique combining MARPE with 
targeted osteotomies, known as Minimally Invasive 
Surgical and custom-made Miniscrew-Assisted Rapid 
Palatal Expansion (MISMARPE), has been proposed. 
MISMARPE is performed under either general or 
assisted local anesthesia, depending on the patient’s 
needs, and involves minimal surgical intervention 
limited to releasing resistance areas in the maxilla (11).
The present study intends to delineate the MISMARPE 
procedure utilizing a custom-made appliance, along 
with its prospective benefits compared to conventional 
expansion protocols.
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 Figure 1. Digital planning of miniscrew placement: 4 and 2, anterior miniscrews; 1 and 3, posterior miniscrews
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chlorhexidine solution, and sterile fields were 
subsequently established to ensure asepsis during the 
surgical procedure. Local anesthetics, including 4% 
articaine with adrenaline at a concentration of 1:100,000, 
were administered to anesthetize the posterior superior 
alveolar nerves, infraorbital nerves, and nasopalatine 
nerve. Furthermore, infiltrations into the vestibular 
mucosa were performed to promote hemostasis and 
facilitate the detachment of the mucoperiosteal tissue. 
The anesthesia was completed with infiltrations into 
the palatal mucosa at the site designated for the 
placement of the miniscrews of the MARPE expander. 
The administration of general anesthesia is considered 
dependent upon the infiltration of a local anesthetic 
containing a vasoconstrictor to achieve adequate 

Subsequently, a three-dimensional reconstruction 
of the processed data was carried out to acquire a 
spatial overview of the relationships between the 
planned anchorage screws and the roots of the dental 
elements in the upper arch (Figure 3). The positioning 
methodology guaranteed the optimal allocation of 
expansion forces while minimizing potential risks to 
neighboring dental roots. 
A customized palatal expander has been manufactured 
utilizing additive manufacturing techniques. It 
comprises a region containing an expansion screw and 
fixation arms anchored to the palatal bone, as well as a 
dental guide that was removed following stabilization to 
ensure the accurate positioning of the device.
The oral cavity was disinfected using a 0.2% 

Figure 2. An overview of the expander device 
and the axes for screw insertion.

 

 

1 

4 2 

3 

Figure 3. Three-dimensional preview of the anticipated relationships between screws and roots.
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and medial walls of the maxillary sinuses, while 
maintaining the cut just above the dental roots and 
following a slightly oblique inclination. This procedure 
was replicated on both the right and left sides. 
Subsequently, a vertical osteotomy was performed 
along the midline between the central incisors, 
corresponding to the median palatal suture, extending 
to the terminus of the bony palate at the midline. All 
osteotomies were carried out utilizing piezoelectric 
technology, with refinements made using a chisel by 
flexing (Figure 9).
Subsequent to the osteotomies, controlled activation 
of the MARPE device was executed to evaluate the 
resistance of the midline bone. The procedure was 
concluded with achieving hemostasis, irrigating with 
sterile saline solution, and suturing. (Figure 10)
This surgical procedure is summarized in Table 1.

hemostasis and to improve tissue plane separation, in 
addition to managing intraoperative and postoperative 
pain.
The surgical procedure was performed following 
minimally invasive orthognathic surgery, involving 
a mucoperiosteal incision in the anterior vestibular 
region of the maxilla. The surgical access measured 
approximately 2 cm, extending from one central incisor 
to the other. (Figure 4)
A subperiosteal dissection was performed in the 
nasomaxillary region, followed by the creation of a 
myomucosal tunnel in the posterior area of the maxilla 
to facilitate the passage of the implant. (Figure 5)
The osteotomy was composed of both horizontal 
and vertical segments (Figures 6,7,8). The horizontal 
segment was executed at the level of the piriform 
aperture, extending to the posterior maxilla and 
zygomatic buttress, with incisions made on the anterior 

Figure 4. Mucoperiosteal inci-
sion in the anterior vestibular 
region of the maxilla.

Figure 5. Dissection resulting 
in the creation of a myomucosal 
tunnel.
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Figure 6. Vertical midline osteoto-
my performed utilizing piezoelectric 
technology

Figure 7. Horizontal osteotomy per-
formed utilizing piezoelectric tech-
nology.

Figure 8. Vertical and horizontal 
osteotomies. 
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Table 1. Surgical Procedure in MISMARPE (13).

Disinfection 0.2% chlorhexidine and preparation of sterile fields
Anesthesia type General or Local + Anxiety control protocol
Incision Mucoperiosteal incision in the anterior maxilla (2cm from 1.1 

to 2.1) and subperiosteal dissection extending to the poste-
rior region.

Vertical median osteotomy Performed in the midline between the central incisors, cor-
responding to the midpalatal suture, covering the vestibular 
and palatal bony cortical bones

Horizontal osteotomy Bilaterally in the posterior region, above the dental roots, ex-
tending to the piriform aperture the total extent of the cut is 
slightly oblique, with a more posterior lower inclination and 
a more anterior upper inclination, always respecting the limit 
above the dental roots.

Figure 9. Refinement of the osteotomy 
through chiseling.

Figure 10. Two weeks postoperative. 
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cemented onto the first molars. The miniscrews 
are positioned through the body of the expansion 
screw, while the metal arms of the screw are affixed 
to the molar bands. The protocol for determining 
the placement of the tooth-bone-borne expansion 
screw may be conducted either with or without the 
assistance of a surgical guide.

Bone-borne expanders yield considerably greater 
skeletal expansion compared to tooth-borne 
appliances, with no notable differences observed in 
dental expansion. (23) 
Furthermore, bone-borne devices exhibit fewer 
dentoalveolar side effects and demonstrate superior 
orthopedic effects, particularly in late adolescent 
patients. Lu Lin et al. reported that the bone-borne 
expander group achieved greater skeletal expansion, 
with the exception of the first premolar region, where 
slight buccal tipping of the alveolar bone was observed. 
Conversely, the tooth-borne group experienced more 
buccal tipping of both the alveolar bone and the tooth 
axes, except in the region of the second molar (25)
Studies such as that by Gogna et al. report no difference 
in post-SARME stability between the two types of 
devices. (27)
The expansion screw and miniscrews are comparable 
for both types of anchorage, adhering to the same 
minimally invasive osteotomy protocol. In instances of 
purely skeletal anchorage, the fixation bar employed to 
weld the molar arms must be removed.
It is advisable to utilize the largest feasible expander 
screw size, maintaining a 1mm distance from the 
palatal mucosa and alveolar walls. Expansion screws 
with standardized dimensions (6, 9, or 11 mm) or 
adjustable devices are also available. The adjustable 
extensions facilitate positioning the miniscrews nearer 
to the palatal surface, which is especially advantageous 
for patients with severe maxillary atresia (13).
The expander screw should be positioned 
anteroposteriorly within the palate region that offers 
optimal conditions for miniscrew placement, specifically 
areas with adequate bone volume and cortical density. 
Haas Junior et al. (11) recommended the “T-zone” (14), 
a notably advantageous site for miniscrew placement, 
which is generally situated near the midpalatal suture 
and surrounding the third palatal rugae, where the bone 
quality is most appropriate for secure anchorage.
The length of the miniscrew should be customized 
according to each individual case to guarantee 
monocortical anchorage. Miniscrews that are 
excessively short may cause failure of expansion owing 
to bending or instability. Conversely, miniscrews that 
are excessively long could penetrate the nasal cavity, 
resulting in discomfort and possible otolaryngological 
complications (13). 
A cone beam computed tomography (CBCT) is 
necessary to determine the appropriate placement 
of the expander and miniscrews, as well as their 
dimensions. The acquired DICOM (Digital Imaging and 
Communications in Medicine) images are utilized for 
three-dimensional reconstructions. Subsequently, the 
three-dimensional tomographic image must be oriented 
to standardize the head position relative to the Frankfurt 
plane (or L-Po-o R), ensuring it is parallel to the axial 

Discussion
The MISMARPE technique (Minimally Invasive Surgical 
and Miniscrew-Assisted Rapid Palatal Expansion) 
was first introduced in the scientific literature in 2022 
by Haas Junior et al. (11), following several years of 
research and clinical refinement. Specifically designed 
for adult patients with transverse maxillary deficiency, 
this approach combines the principles of minimally 
invasive surgery with skeletal anchorage (12), 
aiming to achieve effective maxillary expansion while 
significantly reducing surgical trauma, morbidity, and 
overall treatment costs. This method offers a distinct 
advantage over traditional SARPE. Nonetheless, 
the MISMARPE technique is not suitable for novice 
surgeons; it is intended for practitioners at a more 
advanced level, particularly those with experience in 
minimally invasive orthognathic procedures (13).
SARPE, long regarded as the gold standard for 
addressing transverse maxillary deficiency in adults 
(9), involves the use of general anesthesia and 
pterygomaxillary disjunction, often in conjunction with a 
tooth-borne Hyrax appliance. MISMARPE, introduced 
more recently (15), employs skeletal or hybrid 
anchorage MARPE expanders and is a less invasive 
surgical procedure that can be performed under local 
anesthesia. Despite its minimally invasive nature, 
MISMARPE achieves comparable degrees of dental 
expansion and expander screw opening (11). On a 
skeletal level, it demonstrated superior outcomes in the 
posterior midpalatal suture, posterior alveolar process, 
and nasal cavity regions, with a more favorable 
trapezoidal expansion pattern in the coronal plane and 
a V-shaped opening in the axial plane (11).
Both approaches markedly extended the nasal floor; 
however, no significant volumetric increases were 
observed in the oropharyngeal region. Although a 
qualitative assessment of respiratory function was not 
conducted, the enhancement in nasal cavity volume 
corresponds with prior results indicating improved 
airflow and a possible reduction in nasal resistance 
(16). Methodologically, the application of voxel-based 
CBCT superimposition ensured precise anatomical 
monitoring over time, addressing measurement 
variability observed in earlier research (13).
MISMARPE, utilizing a minimally invasive surgical 
technique to access and release regions of resistance, 
necessitates either general anesthesia or local 
anesthesia with sedation, contingent upon the patient’s 
requirements. 
The operative duration documented by Haas Junior et 
al. varied from 14.4 to 32 minutes, with an average of 
24.11 minutes, spanning from the initial incision to the 
closure of the surgical wound (11).
The MARPE-type expansion device comprises two 
types of anchorage.
·	 Bone-borne (purely skeletal anchorage): Expanders 

are anchored exclusively to the skeletal structure 
using four parasutural miniscrews without dental 
support.

·	 Tooth-bone borne (hybrid anchorage, which 
utilizes both dental and skeletal anchorage): four 
parasutural miniscrews are integrated with bands 
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preoperative planning enhances surgical accuracy and 
predictability, while reducing intraoperative uncertainty 
and the risk of complications. Consequently, the surgical 
process is rendered more efficient and safer, especially 
in cases with complex or high-risk anatomy. This digital 
methodology represents a substantial advancement 
in the management of maxillary transverse deficiency, 
combining the minimally invasive nature of MISMARPE 
with heightened precision and control (27).
Although the MISMARPE technique demonstrated a 
moderately short operative duration, ranging from 14.4 
to 32 minutes with a mean of 24.11 minutes, as reported 
by Haas Junior et al. (11), it is imperative to scrutinize 
this outcome. When compared to the average surgical 
time for SARPE, which was reported as 19 minutes 
(range: 15–32 minutes) by Hernandez-Alfaro et al. (12), 
the intraoperative timing of MISMARPE does not exhibit 
definitive superiority. Its duration aligns closely with that 
of SARPE in a clinical surgical setting. Therefore, any 
assertion regarding reduced operative time as a primary 
advantage of MISMARPE should be made with caution, 
especially given the overlap in method durations. 
Despite its advantages, MISMARPE entails higher 
surgical costs and complexity relative to non-surgical 
MARPE. Its precision in mature adults renders 
MISMARPE a highly appropriate treatment option for 
patients with advanced maturation of the palatal suture 
or a history of prior expansion failure.

Conclusion
In conclusion, the MISMARPE approach offers a 
minimally invasive yet highly effective alternative 
for addressing transverse maxillary deficiency, 
particularly in adult and mature patients for whom 
conventional MARPE or SARPE procedures may 
be less effective or more invasive, respectively. By 
circumventing pterygomaxillary disjunction, utilizing 
skeletal anchorage, and incorporating precise virtual 
planning, MISMARPE minimizes surgical trauma, 
thereby enhancing patient comfort and acceptance. 
This technique has demonstrated reliable skeletal 
expansion, improved maxillary stability, and low 
morbidity, all of which are essential advantages in 
contemporary orthodontic-surgical practice. 
Given these favorable results, future research should 
concentrate on long-term stability, potential effects on 
airway dimensions, and comparisons with additional 
expansion techniques through larger, randomized 
clinical trials. This would further validate efficacy and 
expand the clinical applicability of MISMARPE across 
diverse populations.
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