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Tricortical versus bicortical anchorage in a double-
screw tandem skeletal expander and a single-screw 
maxillary anchorage rapid palatal expander: A finite 
element analysis

Objective: This study aims to employ finite element method (FEM) analysis to 
compare the differences between bicortical and tricortical anchorage of the 
posterior miniscrews in a single-screw miniscrew-assisted rapid palatal expansion 
(MARPE) and a double-screw tandem skeletal expander (TSE) under open and 
closed suture conditions. Methods: A cone beam computed tomography of 
the human skull of a 21.5-year-old female was utilized as a model for creating 
a FEM analysis. Simulations involved the insertion of four palatal miniscrews: 
two anterior ones with bicortical anchorage and two posterior ones (one with 
bicortical and another with tricortical anchorage), under open and closed suture 
conditions in a single-screw MARPE and double-screw TSE, resulting in a total 
of eight different simulation configurations. Evaluation parameters include 
total deformation (mm), Von Mises stress (MPa), and strain for each miniscrew 
body. Results: Tricortical anchorage of the posterior miniscrews provides 
greater anchorage, higher stress, and deformation on the anterior miniscrews 
in single-screw MARPE. Tricortical anchorage combined with a double-screw 
TSE promotes a more even distribution of force and stress on miniscrews under 
open suture conditions, leading to a parallel midpalatal suture opening along 
its entire length and height. Conclusions: FEM analysis revealed favorable 
midpalatal suture opening with equal force distribution and less stress when 
posterior tricortical anchorage in conjunction with double-screw TSE is applied.
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INTRODUCTION

The prevalence of maxillary transverse deficiency is 
8–23% in mixed dentitions and < 10% in adult orth-
odontic patients.1,2 This condition can lead to various 
issues, including dental crowding, malocclusion, com-
promised facial aesthetics, and impaired nasal breathing.

Rapid palatal expansion (RPE) has emerged as a crucial 
treatment modality for individuals with transverse maxil-
lary deficiency. RPE widens the upper jaw, correcting the 
underlying skeletal and dental problems and restoring 
harmony to the craniofacial complex.3 Before starting 
RPE, it is essential to consider the skeletal maturity of 
the patient. Typically, children undergo RPE during their 
growth phase when the midpalatal suture is not fully 
fused. This allows for easier separation and expansion 
of the maxilla. However, in post-pubertal patients, the 
midpalatal suture is usually partially fused, making the 
expansion more challenging, often requiring additional 
treatment modalities such as surgically-assisted palatal 
expansion or miniscrew-assisted rapid palatal expansion 
(MARPE), which are differentiated into bone-borne rapid 
palatal expanders or tooth-bone-borne hybrid palatal 
expanders.3-8

Bishara and Staley5 reported that the optimal age for 
maxillary expansion is before 15 years of age, as results 
are less predictable and unstable in older patients. Ad-
ditionally, Jia et al.9 compared maxillary transverse skel-
etal deficiency treated with rapid micro implant-assisted 
palatal expansion and dental expansion during the post-
pubertal growth phase. They concluded that MARPE of-
fers more predictable and significant skeletal expansion, 
less buccal tipping, and loss of alveolar bone height on 
anchor teeth. Hence, MARPE is a better alternative for 
individuals with maxillary skeletal deficits during the 
post-pubertal growth phase.9,10

Successful skeletal orthopedic expansion in MARPE 
depends on several factors, such as the effectiveness 
of the force applied, operator experience, cortical bone 
quality, and the surface contact area with the miniscrew 
within the cortical bone. Therefore, ensuring the stabil-
ity of these miniscrew is crucial in achieving favorable 
outcomes in the expansion process, which directly exerts 
force on the basal bone.6-11

Lee et al.6 studied the effects of anchoring monocorti-
cal and bicortical miniscrew on bone-supported palatal 
expansion using finite element model (FEM). Their find-
ings demonstrated that bicortical miniscrew anchorage 
in orthodontic tooth movement provides better minis-
crew stability and biomechanical advantages compared 
to monocortical anchorage. Consequently, bicortical 
miniscrew should be seriously considered in clinical sce-
narios where strong anchorage is needed. However, it is 
important to note that while primary stability may be 

improved with bicortical anchorage screws, secondary 
effects such as peri-implant stress, screw deformation, 
and transverse displacement were recorded.

Rapid palatal expander configuration and miniscrew 
placement are the other key factors to ensure successful 
suture opening during the maxillary expansion treat-
ment phase.6,9-11 Therefore, FEM is used as a powerful 
tool for visualizing and quantifying the initial displace-
ment and stress distribution caused by orthodontic 
forces. Through the creation of a three-dimensional 
(3D) computational model, FEM allows for the analysis 
of stress and strain distributions, as well as the simula-
tion of different appliance conditions.6,12,13 Recently, a 
new four-miniscrews expander configuration called the 
tandem skeletal expander (TSE) has been introduced 
and has reported clinically satisfactory results. This con-
figuration has the potential to expand the maxilla more 
parallelly. Thanks to its design, the bone-borne double 
expansion screw of the TSE allows for the positioning of 
the expander with two off-centered expansion screws, 
one anterior and one posterior, even in cases where the 
palate is narrow and high. This design enhances the 
resistance to deformation of the expander and the sup-
porting miniscrews.14-16 However, no finite element stud-
ies have been carried out to actually verify the improve-
ments of tricortical anchorage over bicortical anchorage 
in both one-screw expanders and two-screw expansion 
devices.

Furthermore, when planning TSE, two posterior mini-
screws are inserted at an inclination to achieve tricortical 
anchorage. This is done to enhance the primary stability 
of the miniscrews, reduce bending, and minimize trans-
verse displacement.17

This study aims to utilize FEM analysis to evaluate the 
differences between bicortical and tricortical anchorage 
of the posterior miniscrews in both single-screw MARPE 
and double-screw TSE under open and closed suture 
conditions.

MATERIALS AND METHODS

The study was approved by the ethical committee of 
the University of Ferrara (Approval number 24/2023). 
The informed consent was waived.

Cone beam computed tomography segmentation
A cone beam computed tomography (CBCT) of the 

human skull of a 21.5-year-old female, with a slice 
thickness of 0.30 mm, was utilized as a model for creat-
ing a FEM analysis. The Mimics software (version 15.0; 
Materialise, Leuven, Belgium) was employed to trans-
form the data into a standard triangulation language 
model by segmenting each bone and virtually generat-
ing all cranial sutures (Figure 1).
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The thicknesses of the cortical bone and cancellous 
bone were determined using the Mimics software by 
modifying the pre-established parameters based on the 

grayscale. Once the 3D skull model was generated, it 
was imported into the computer-aided design software 
Rhinoceros 7 (Robert McNeel & Associates, Seattle, WA, 
USA), where four miniscrews were positioned.

3D design
Two anterior konic screws, HDC Konic (Spider Screw, 

HdC, Thiene, Italy), with a central diameter of 2 mm and 
a length of 12 mm, were inserted for bicortical anchor-
age, with a depth of 2 mm in the nasal cortical bone. 
Regarding the two posterior miniscrews, two different 
anchorage configurations were created: (1) bicortical 
anchorage using HDC Konic miniscrews (Spider Screw, 
HdC) with a diameter of 2 mm and a length of 10 mm, 
inserted to a depth of 2 mm in the cortical bone (2) 
tricortical anchorage using HDC Konic miniscrews (Spi-
der Screw, HdC) with a central diameter of 2 mm and a 
length of 12 mm. This configuration involved the corti-
cal bone of the hard palate, the cortical bone of the in-
ner wall of the maxillary sinus, and the cortical bone of 
the nasal floor (Palatal- Sinus- Nasion anchorage) (Figure 
2).

Subsequently, using the same software, two different Figure 1. Standard triangulation language model of a 
skull for finite element analysis.

Figure 2. Standard triangulation language model of the upper jaw with the two configurations of posterior miniscrew 
anchorage: (A) bicortical and (B) tricortical.
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Figure 3. Design of the two bone-borne rapid palatal expanders miniscrew-assisted rapid palatal expansion, with four 
miniscrews: (A) with a single expansion screw and (B) tandem skeletal expander with two expansion screws (B).
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expanders were designed: (1) MARPE with a single-screw 
expander with a posterior screw, chosen due to the nar-
row palatal conformation to facilitate the anterior place-
ment of miniscrews, thereby maximizing palatal thick-
ness, (2) TSE with a two-screw expander, with one screw 
positioned anteriorly and the other posteriorly, following 
the design specifications provided by the manufacturer 
(EP) (Figure 3). Each expander type was created with 
two different types of miniscrew anchorage: bicortical 
and tricortical.

These four expander models were exported from Rhi-
noceros 7 as 3D surface stereolithography files to gener-
ate finite element volumetric meshes for further analysis.

Finite element anlysis
The stereolithography files were then imported into 

the Ansys R1 software (version 19.2; ANSYS, Inc., Can-
onsburg, PA, USA) for FEM analysis. Volumetric mesh 
generation utilized tetrahedral elements, resulting in 
approximately 177,531 elements and 278,309 nodes for 
each skull model. Additionally, the body of each mini-
implant consisted of approximately 72 nodes. Table 1 
presents the material properties utilized in the study, 
where each material was assumed to possess homogene-
ity and isotropy characteristics.

For the four analyzed models, contacts were estab-
lished between the different solid components com-

prising the skull, miniscrews, and the expander. Two 
different configurations were generated concerning the 
midpalatal suture: (1) bonded contact, where left and 
right maxillas were constrained together and could not 
slide relative to each other, simulating a clinically closed 
midpalatal suture; (2) rough contact, where the left and 
right maxillas were allowed to separate but could not 
slide relative to each other, simulating a clinically open 
midpalatal suture.

These configurations were applied to each type of ex-
pander MARPE and TSE and for both kinds of miniscrew 
anchorage (bicortical and tricortical), resulting in eight 
different simulation configurations. The simulating ex-
pansion was 0.25 mm for 40 steps, resulting in a 10 mm 
expansion in the transversal plane.

For each body of the four miniscrews (anterior left, 

Table 1. The material properties utilized in the study

Variable
Young’s 

modulus 
(E, MPa)

Poisson’s 
ratio (v)

Cortical bone 13,700 0.30

Cancellous bone 1,370 0.30

Miniscrew (titanium) 110,000 0.33

Expander (stainless steel) 200,000 0.30

Table 2. Total deformation, Von Mises stress, and strain in the body of the four miniscrews with posterior bicortical 
anchorage

Suture Miniscrew
Deformation (mm)  Stress (MPa)  Strain (mm/mm) 

Min Max Min Max Min Max

MARPE Open Anterior R 2.02 2.34 510.13 15,374.00 0.01 0.16

Anterior L 2.00 2.30 430.71 14,722.00 0.01 0.21

Posterior R 1.31 1.87 158.58 7,828.10 0.01 0.08

Posterior L 1.27 1.74 195.63 8,238.00 0.01 0.09

Closed Anterior R 0.99 1.55 847.80 19,667.00 0.02 0.21

Anterior L 1.02 1.59 626.28 19,255.00 0.02 0.28

Posterior R 0.91 1.30 107.28 10,250.00 0.01 0.10

Posterior L 0.98 1.34 178.99 12,098.00 0.01 0.11

TSE Open Anterior R 4.00 4.38 441.91 13,117.00 0.01 0.14

Anterior L 4.12 4.55 464.56 12,528.00 0.01 0.18

Posterior R 2.74 3.98 652.10 11,627.00 0.01 0.10

Posterior L 2.87 3.95 558.78 11,325.00 0.01 0.15

Closed Anterior R 1.55 2.64 1,065.60 28,445.00 0.03 0.42

Anterior L 1.57 2.64 1,521.30 27,195.00 0.03 0.55

Posterior R 2.39 3.88 1,329.30 13,886.00 0.04 0.21

Posterior L 2.45 3.85 969.37 14,776.00 0.02 0.27

MARPE, miniscrew-assisted rapid palatal expansion; TSE, tandem skeletal expander; R, right; L, left.
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anterior right, posterior left, and posterior right), the fol-
lowing parameters were evaluated: (1) total deformation 
(mm), representing the total displacement of each point 
in the structure relative to its initial position, needed to 
perform a finite element analysis simulation,18 (2) Von 
Mises stress (MPa), which is a measure of the resistance 
of the material resistance to plastic deformation,18 (3) 
strain, measuring the relative deformation of a material 
or structure in response to a load and is calculated as 
the ratio of the change in length of the material to its 
initial length.18

RESULTS

The total deformation (mm), Von Mises stress (MPa), 
and strain parameters for the bodies of the four mini-
screws (anterior left, anterior right, posterior left, and 
posterior right) are presented in Table 2 for the expand-
ers with posterior bicortical anchorage and in Table 3 
for the expanders with posterior tricortical anchorage.

Total deformation
The minimum and maximum values of total deforma-

tion (mm) of the miniscrew body in the MARPE with 
bicortical anchorage were found to be 1.27 mm and 2.34 
mm under open suture conditions, and 0.91 mm and 
1.59 mm under closed suture conditions, respectively 

(Table 2). Conversely, with tricortical anchorage, the 
values were 0.99 mm and 2.55 mm under open suture 
conditions and 1.23 mm and 1.90 mm under closed su-
ture conditions, respectively (Table 3 and Figure 4).

For the TSE, the minimum and maximum values of 
total deformation (mm) of the miniscrew body with bi-
cortical anchorage were 2.74 mm and 4.55 mm under 
open suture conditions and 1.55 mm and 3.88 mm un-
der closed suture conditions, respectively (Table 2). With 
tricortical anchorage, the values were 2.60 mm and 4.85 
mm under open suture conditions and 1.81 mm and 3.71 
mm under closed suture conditions, respectively (Table 3 
and Figure 5).

The analysis of the total deformation overlap in con-
ditions of open maxillary suture shows that both the 
MARPE with bicortical and tricortical anchorage, as well 
as the TSE with bicortical anchorage, result in alveolar 
bending and a V-shaped midpalatal suture opening 
(Figure 6A and 6B). However, the analysis of the TSE 
with open suture condition reveals a parallel opening of 
the midpalatal suture in both the sagittal and coronal 
planes (Figure 6C and 6D).

Von Mises stress
The minimum and maximum values of Von Mises 

stress (MPa) in the MARPE with bicortical anchor-
age were found to be 158.58 MPa and 15,374.00 MPa 

Table 3. Total deformation, Von Mises stress, and strain in the body of the four miniscrews with posterior tricortical 
anchorage

 Suture Miniscrew
Deformation (mm) Stress (MPa) Strain (mm/mm)

Min Max Min Max Min Max

MARPE Open Anterior R 2.06 2.44 523.61 13,549.00 0.00 0.09

Anterior L 2.20 2.55 511.45 13,787.00 0.01 0.14

Posterior R 1.44 2.03 299.78 9,389.00 0.01 0.16

Posterior L 0.99 1.79 233.91 11,119.00 0.00 0.11

Closed Anterior R 1.42 1.85 687.04 21,058.00 0.02 0.23

Anterior L 1.47 1.90 798.15 21,828.00 0.02 0.22

Posterior R 1.23 1.70 58.22 13,337.00 0.00 0.12

Posterior L 1.27 1.68 71.68 13,862.00 0.00 0.13

TSE Open Anterior R 4.11 4.54 406.59 11,319.00 0.01 0.13

Anterior L 4.20 4.85 430.79 10,020.00 0.01 0.12

Posterior R 2.60 3.96 978.02 13,792.00 0.01 0.12

Posterior L 2.59 3.90 961.10 14,932.00 0.01 0.13

Closed Anterior R 1.83 2.66 1,225.50 28,640.00 0.04 0.46

Anterior L 1.81 2.63 1,053.00 26,736.00 0.04 0.36

Posterior R 2.40 3.71 1,734.30 37,651.00 0.02 0.25

Posterior L 2.45 3.71 1,453.30 37,965.00 0.01 0.25

MARPE, miniscrew-assisted rapid palatal expansion; TSE, tandem skeletal expander; R, right; L, left.
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under open suture conditions, and 107.28 MPa and 
19,667.00 MPa under closed suture conditions, respec-
tively (Table 2). With tricortical anchorage, the minimum 
and maximum values were recorded as 233.91 MPa and 
13,787.00 MPa under open suture conditions and 58.22 
MPa and 21,828.00 MPa under closed suture conditions, 
respectively (Table 3).

For TSE with bicortical anchorage, the minimum and 
maximum values of Von Mises stress (MPa) were reg-
istered as 441.91 MPa and 13,117.00 MPa under open 
suture conditions and 969.37 MPa and 28,445.00 MPa 
under closed suture conditions, respectively (Table 2). 
In the devices with tricortical anchorage, the maximum 
and minimum values recorded for the TSE device were 
406.59 MPa and 14,932.00 MPa under open suture 
conditions and 1,053.00 MPa and 37,965.00 MPa under 
closed suture conditions, respectively (Table 3).

Strain
The maximum and minimum strain values obtained 

during the analysis of the MARPE with bicortical an-
chorage are 0.01 and 0.21 under open suture conditions 
and 0.01 and 0.28 under closed suture conditions, re-
spectively (Table 2). With tricortical anchorage, the val-
ues were 0.001 and 0.16 under open suture conditions, 
and 0.001 and 0.23 under closed suture conditions, re-
spectively (Table 3).

In the TSE with bicortical anchorage, the minimum 
and maximum strain values were 0.01 and 0.18 under 
open suture conditions, and 0.02 and 0.55 under closed 
suture conditions (Table 2). For the tricortical anchor-
age, the minimum and maximum strain values were 0.01 
and 0.13 under open suture conditions; under closed 
suture conditions, they were 0.02 and 0.46 (Table 3).

Figure 4. Total deformation (mm) in the single-screw miniscrew-assisted rapid palatal expansion in open suture condi-
tion: (A) posterior bicortical anchorage and (B) posterior tricortical anchorage. In closed suture condition: (C) posterior 
bicortical anchorage and (D) posterior tricortical anchorage.
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Figure 5. Total deformation (mm) in the double-screw tandem skeletal expander in open suture condition: (A) posterior 
bicortical anchorage and (B) posterior tricortical anchorage. In closed suture condition: (C) posterior bicortical anchor-
age and (D) posterior tricortical anchorage.
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DISCUSSION

In patients beyond their growth phase, when the 
median palatal suture is partially ossified, miniscrew-
supported rapid palatal expanders have proven effective 
in addressing transverse issues. However, this type of 
expansion, typically described as ‘V-shaped,’ does not 
always result in a parallel suture opening along its entire 
sagittal and coronal dimensions.1,19 Undesirable effects 
include miniscrews and alveolar bone bending, resulting 
in forward and downward movement of the maxilla.14,19 
Lee et al.6 demonstrated through FEM analysis that 
bicortical anchorage of miniscrews is superior to the 
monocortical anchorage in terms of reduced miniscrew 
deformation and fracture, increased stability, and an-
chorage with a more parallel sutural opening. Addition-
ally, in patients with partially ossified median palatal 
sutures, the positioning of the expansion screw is crucial 
in breaking and overcoming the posterior ossification 
resistance, facilitating a parallel suture opening.20-25

The results of this study indicate that the total defor-
mation of the miniscrew body is greater in the anterior 
miniscrews compared to the posterior ones across all 
configurations (both bicortical and tricortical), except 
for the TSE configuration with closed suture. In the TSE 
configuration, higher deformation values were observed 
in the posterior miniscrews compared to the anterior 
ones for both types of anchorage.

The stress pattern observed in MARPE and TSE con-
figurations follows a similar trend. Under open suture 

conditions and tricortical anchorage, there is less stress 
on both anterior and posterior miniscrews compared to 
the open suture condition with bicortical anchorage. 
Conversely, under closed suture conditions and tricorti-
cal anchorage, the stress is higher for all anterior and 
posterior miniscrews compared to the closed suture con-
dition with bicortical anchorage. The difference between 
bi- and tricortical anchorage of the posterior miniscrews 
results in a doubling of stress on the posterior minis-
crews for tricortical anchorage compared to bicortical, 
observed in both expanders. However, while the stress 
values on the anterior miniscrews show no variation 
between bi- and tricortical anchorage, they undergo 
a slight decrease in the TSE configuration due to the 
lower moment generated between the miniscrew and 
the expansion screw.

Regarding the strain, in both configurations of the 
MARPE and TSE devices with bicortical anchorage, 
the deformation is consistently greater in the anterior 
screws, both under open and closed suture conditions. 
However, in both devices with tricortical anchorage, the 
strain is higher in the posterior screws under open su-
ture conditions and higher in the anterior screws under 
closed suture conditions.

The presence of a closed suture appears to be a deter-
mining factor in increasing stress and deformations on 
the anchoring screws. Chang et al.26 conducted an in-
vivo and FEM study investigating the role of midpalatal 
and circummaxillary suture ossification levels on bone-
borne rapid maxillary expansion using CBCT. Their find-

Figure 6. Overlaps of the skeletal results from the finite element method analysis under open suture conditions for 
miniscrew-assisted rapid palatal expansion with bicortical anchorage (blue) and tricortical anchorage (orange): (A) fron-
tal view and (B) occlusal view, For tandem skeletal expander with bicortical anchorage (blue) and tricortical anchorage 
(orange): (C) frontal view and (D) occlusal view.

A B

C D
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ings indicated that with closed circummaxillary sutures, 
the reaction force on the expander could increase by 
30–40%, depending on the stage of ossification. These 
results align with the findings of our study, where the 
presence of a closed suture associated with tricortical 
anchorage and subsequent greater anchoring of the 
posterior miniscrews seems to be responsible for greater 
deformation on the anterior miniscrews for both ana-
lyzed devices.

In the TSE, the presence of two expansion screws 
seems to lead to a more even distribution of forces 
across all four anchoring screws, unlike the MARPE, 
where there is greater stress on the anterior screws com-
pared to the posterior ones. This disparity arises from the 
distance between the point of force application and the 
expansion screw generating the force. In the MARPE, 
the distance between the anterior miniscrews and the 
expansion screw is greater than the distance with the 
posterior miniscrews, creating a greater force moment 
and resulting in more substantial deformation and stress 
on the anterior miniscrews. Conversely, in the TSE, the 
presence of two expansion screws allows for equal dis-
tances between the centers of force application and the 
miniscrews, resulting in similar force moments and a 
more even distribution of force.25

The analysis of total deformation overlaps in the up-
per jaw reveals that both MARPE with bicortical and 
tricortical anchorage under open suture conditions pro-
duce alveolar bending, with more significant expansion 
observed in the palatal portion of the upper jaw com-
pared to the upper portion (Figure 6A and 6B). Notably, 
tricortical anchorage results in more pronounced alveo-
lar bending than bicortical anchorage, indicating a more 
significant expansion with tricortical anchorage. Con-
versely, there is a difference between open suture condi-
tions with bicortical anchorage and tricortical anchorage 
in the TSE. With bicortical anchorage, the TSE induces 
alveolar bending in the two portions of the upper jaw, 
similar to the single-screw expander. However, the two-
screw expander with tricortical anchorage generates a 
parallel opening of the midpalatal suture in both the 
transverse and coronal planes, facilitating a bodily ex-
pansion of the maxilla (Figure 6C and 6D).

Single-screw MARPE expansion produces a greater 
anterior suture opening than posteriorly and a greater 
alveolar bending in the coronal plane. Clinically, this 
leads to a greater suture opening in the lower third of 
the maxilla. Conversely, the expansion achieved with the 
TSE is less pronounced at the lower third level. Still, it 
demonstrates a more parallel expansion along the entire 
height of the maxilla in the coronal plane, favoring a 
greater expansion also at the level of the middle third. 
This is particularly beneficial for patients with skeletal 
Class III with maxillary deficiency.

The clinical validity of the TSE with tricortical anchor-
age has been confirmed by the clinical cases presented 
by Maino et al.14 and Cremonini et al.16 Using CBCT, 
they demonstrated a parallel opening of the midpalatal 
suture along its entire length, highlighting the TSE as 
a viable alternative to surgically assisted expansion ap-
proaches.

It is important to note that to achieve tricortical 
anchorage, the required length of miniscrews may be 
greater, depending on the palatal thickness of the pa-
tient.27-30 In this study, miniscrews measuring 10 mm in 
length were utilized for effective bicortical anchorage, 
while 12 mm long miniscrews were employed to achieve 
tricortical anchorage. This allowed a greater portion of 
the miniscrew body to engage with the cortical bone. 
Yoon et al.31 reported that employing longer miniscrews 
increases the amount of surrounding bone over the en-
tire length of the miniscrew, leading to effective stress 
distribution.

The primary limitation of our study is its reliance on 
FEM, which allows for the theoretical analysis of the 
force expression, deformation, and stress on the upper 
jaw and the anchoring miniscrews. However, it does not 
consider clinical factors that could potentially influence 
outcomes. Therefore, future in-vivo studies are necessary 
to assess the behavior of tricortical anchorage and the 
TSE at various stages of ossification of the midpalatal 
suture.

CONCLUSIONS

Our study demonstrated that utilizing tricortical an-
chorage of the posterior miniscrews provides greater 
anchorage, resulting in higher stress and deformation on 
the anterior miniscrews when the single screw MARPE 
is applied. Tricortical anchorage, in combination with 
a TSE, promotes a more even distribution of force and 
stress on miniscrews under open suture conditions. This 
results in a parallel midpalatal suture opening along its 
length and height.

Future research should explore the clinical implica-
tions of tricortical anchorage in orthodontic practice, 
including its long-term effects on treatment outcomes 
and patient satisfaction. Additionally, investigations into 
novel anchorage methods and their impact on maxillary 
expansion can further refine orthodontic techniques and 
improve patient care.
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