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A B S T R A C T

With the increasing popularity of bone-borne maxillary expansion in conferences, social media and publications,
the promotion of the procedure may outpace the availability of high-quality evidence, leading to potential biases
in its use. This paper offers a clinician's perspective on indications and failures in different age groups and stresses
the importance of prioritizing diagnostics over appliance-centered treatment. Understanding individual variations
in sutural fusion or similar diagnostic strategies will be increasingly crucial in identifying the appropriate expan-
sion method. Depending on the patient's maturation stage, different types of expanders may be employed, utiliz-
ing various anchorage strategies, such as permanent or deciduous tooth-borne, bone-borne, hybrid, or surgically
assisted expanders. The article provides clinical examples, discussing limited indications and age-related risk fac-
tors, and highlights failures to emphasize the importance of a patient-centered approach to treatment.
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Introduction

Rapid maxillary expansion/ Rapid palatal expansion (RME/RPE) is a
commonly employed orthodontic approach for treating posterior cross-
bites resulting from narrow maxillae, primarily of skeletal origin.1 In
recent times, there has been a surge in the popularity of bone-borne
maxillary expanders, with increasing advocacy observed at conferences,
social media platforms, and online forums. However, it is crucial to
ensure that the utilization of this procedure is based on high-quality evi-
dence, rather than being influenced by biases arising from its wide-
spread promotion. This paper presents a clinician's perspective on the
indications and failures associated with bone-borne expanders across
different age groups, highlighting the significance of prioritizing diag-
nostics over appliance-centered treatment. A comprehensive under-
standing of individual variations in sutural fusion or comparable
diagnostic techniques will be crucial in determining the most effective
expansion strategy. Depending on the maturation stage of the patient,
various types of expanders, including permanent or deciduous tooth-
borne, bone-borne, hybrid, or surgically assisted expanders, may be con-
sidered, employing diverse anchorage strategies.2

The objective of this article is to provide clinicians with a critical out-
look on bone-borne expanders, drawing from case studies and anecdotal
evidence. In young children (pre-pubertal), where rapid maxillary
expansion is indicated as an early orthodontic intervention, the circum-
maxillary sutures have not yet fused, rendering temporary anchorage
devices unnecessary for achieving expansion.2 Currently, there is insuffi-
cient evidence to support the notion that bone-borne expansion yields
significantly superior outcomes compared to other expanders in young
children. Therefore, it is not an evidence-based strategy, and its usage in
this age group is discouraged. However, bone-borne expansion has gar-
nered substantial evidence supporting its effectiveness in older age
groups, particularly during adolescence (11-18 years), especially when
combined with a facemask.3−6 In adults, bone-borne expansion is feasi-
ble,7−9 but without surgical intervention, it carries the risk of failure.10

Consequently, diagnostic assessments should always precede the use of
surgically assisted rapid palatal expansion (SARPE) to ensure its appro-
priateness. It is important to recognize that bone-borne expansion may
have been overemphasized, and the available data supporting its effi-
cacy may not be as compelling as commonly believed. Therefore, clini-
cians should exercise caution and carefully evaluate its indications
(Fig. 1).

What are the components of bone-borne maxillary expanders?

Bone-borne maxillary expanders consist of three main components:
expansion screws, anchorage units (which can be deciduous or



Fig. 1. Depicts the indications for utilizing bone-borne maxillary expanders at various stages of maturation
a) In the pre-pubertal Stage A, the consideration of bone borne expansion should be limited to two scenarios. Firstly, when combined with a facemask to prevent

mesial drift of permanent teeth. Secondly, when there is a lack of dental anchorage due to early loss or agenesis. It is essential to always acknowledge the deciduous
teeth as potential sources of anchorage, as they can be equally effective.

b) During Stages B and C, which coincide with the growth spurt, bone-borne expanders tend to offer advantages over other tooth-borne expanders.
c) For adults in sutural maturation stages D and E, it is recommended to employ a bone-borne expander alongside surgically assisted rapid palatal expansion

(SARPE) to mitigate the risk of bone borne expansion failure.
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permanent teeth or temporary anchorage devices [TADs]), and connect-
ing elements that link the anchorage unit to the expander. The design of
the anchorage unit, the positioning of the expander in relation to the
center of resistance of the nasomaxillary complex, and the rigidity of the
connecting elements all play a role in determining the outcome of the
expansion. Initially, bone-borne expansion appliances were pre-formed
and included an expansion appliance inserted initially, followed by two
to four TADs. However, with advancements in digital technology, bone-
borne expansion appliances can now be fully customized to meet the
specific requirements of each patient.11-14

Why is it necessary to seek an alternative to conventional tooth-borne
expanders?

According to Jia et al.,15 bone-borne expansion exhibited a skeletal-
to-dental expansion ratio nearly twice as high as that of the hyrax group.
Another study16 reported that tooth-anchored expanders achieved
2.5 times less expansion compared to miniscrew-supported expanders.
Studies17−19 have demonstrated that conventional rapid palatal expan-
sion (RPE) often leads to changes in tooth axis or increased tooth inclina-
tion, primarily due to bending of the alveolar bone. The mechanical
forces exerted by expansion appliances can cause bending of the alveolar
bone and shrinkage of the periodontal membrane, resulting in inclina-
tion of anchor teeth.19 The bone-borne expansion group exhibited signif-
icantly reduced tooth inclination compared to the conventional RPE
group.16 Additional miniscrews in bone-borne expansion appliances can
bring the expansion force vector closer to the center of resistance,
enabling adequate expansion with minimal tooth inclination, as sug-
gested by Koo et al.20 Lin et al.,18 and Celenka et al.16 also found that
increased tooth tipping can lead to a reduction in alveolar bone height
and thickness, while bone-borne expansion resulted in less buccal bone
loss compared to conventional RPE.

Overall, conventional RPE may limit skeletal movement, increase
dental tipping reduce buccal bone thickness, cause gingival recession
due to marginal bone loss, and contribute to root resorption.21−24 In con-
trast, bone-borne expanders offer several advantages, including more
predictable skeletal expansion and fewer dental side effects, as previ-
ously mentioned.3,15, 19
2

Limitations, anatomy, timing, and staging

Despite the advantages of bone-borne expanders, it is crucial to
acknowledge their limitations and carefully consider their indications,
especially in different age groups. The development and maturity of cir-
cummaxillary sutures play a significant role in determining the suitabil-
ity of bone-borne expanders.25−27 The circummaxillary sutural system,
which includes sutures such as zygomaticomaxillary, zygomaticotempo-
ral, and pterygopalatine sutures, along with the maxillary buttresses
(piriform aperture, zygomatic buttresses, and pterygoid junctions), act
as the primary resistance zones for maxillary expansion.28−30 Tradition-
ally, growth and age were considered crucial factors for successful rapid
maxillary expansion (RME).1 However, recent studies have shown that
chronological age is an unreliable indicator of suture morphology and
structure. Therefore, studying individual variations in the developmen-
tal status of the mid-palatal suture is critical for identifying suitable can-
didates for RME and exploring less invasive alternatives to surgical-
assisted rapid palatal expansion (SARPE).31,32

To establish the acceptability of bone-borne expansion treatment and
identify individuals who may not benefit from it, it is important to
understand the variations in mid-palatal suture fusion in individual
patients. Angelieri et al. proposed a new classification for assessing indi-
vidual mid-palatal suture morphology, based on cone beam computed
tomography (CBCT) evaluation. This categorization provides five phases
(from stage A to stage E) to better understand sutural fusion.33 However,
one potential disadvantage is the use of CBCT as a diagnostic technique
on young children.

In young patients (pre-pubertal), where RME is indicated as an
early orthodontic treatment (before the growth spurt), TADs are unnec-
essary for expansion, particularly in sutural maturation stages A and
B.2,34 Based on anecdotal evidence and limited experience, there may
be two scenarios that warrant "early" bone-borne expansion. The first
scenario is when it is used in conjunction with a facemask to prevent
mesial drift of permanent teeth, and the second is when there is a lack
of dental anchorage due to early loss or agenesis. These individual indi-
cations are not supported by high-level evidence and require responsi-
ble and patient-centered decision-making, taking into account the
patient's risks, costs, and benefits. In cases where alternative use of



Fig. 2. Treatment of a class III malocclusion in a seven-year-old boy commenced with the use of a deciduous tooth-borne expander and a facemask. b) Following
expansion, the patient achieved an improved occlusion. c) After a period of nearly seven years and a brief phase of bracket treatment, the patient continues to maintain
a class I occlusal relationship with the assistance of a Fr€ankel III appliance as a retention device.

ARTICLE IN PRESS
JID: YSODO [m5GeS;June 10, 2023;9:53]

B. Guglielmo et al. Seminars in Orthodontics 00 (2023) 1−7
bone-borne expanders is considered, an informed consent process must
be undertaken.

To illustrate the use of RME in the early mixed dentition, we present
a case study utilizing a tooth-borne design supported by deciduous teeth.
The aim is to expand the maxilla and use a facemask while avoiding
mesial movement of permanent molars (Fig. 2).

In adolescents (11-18 years), the most common reason for using a
bone-borne expander, especially in combination with a facemask, is to
prevent molar mesial drift.7 An illustrative case demonstrates a typical
stage of bone-borne expansion treatment, likely stage "C." A 13-year-old
boy with a pseudo class III malocclusion was treated using a two-
implant-borne expander with palatal protraction arms, along with a
fixed straight wire appliance with lower lingual bite ramps to facilitate
the correction of the bite. Over a two-year follow-up period, the patient
experienced improved occlusion that remained stable. The appliance
was digitally designed and manufactured using selective laser melting
(SLM) technology. Superimpositions of lateral cephalograms revealed
significant improvement, particularly in the mandible (Fig. 3).

In adult patients (>18 years), several studies have shown that bone-
borne expansion may lead to skeletal expansion.7−9 However, these
patients often fail to achieve mid-palatal suture opening, resulting in no
or limited results. According to Sayar et al.,10 inter-incisal opening is not
a definitive marker of posterior region expansion, even in "D" maturation
phases, leading to operational failure. Therefore, they suggest that surgi-
cal intervention may be more effective in opening the sutures at stages D
and E.

The case study of adult bone-borne expansion involves a 35-year-old
female patient with a previous history of orthodontic treatment. The
patient presented with a maxillary transverse discrepancy of over 5mm.
A cone beam computed tomography (CBCT) examination was performed
to assess the suture maturation stage, revealing a D/E stage. Digital plan-
ning for temporary anchorage device (TAD) insertion guides was under-
taken, followed by 3D printing. To address the transverse discrepancy, a
bone-borne expander was utilized, followed by a fixed appliance to
3

correct crowding and an open bite. Two surgical guides were created
based on the planning, and four mini-implants were placed in a single
visit to provide support for the bone-borne expander. However, the
expansion process was terminated after 25 turns due to high resistance,
inability to activate the appliance further, indications of implant move-
ment through the bone, lack of stability, and patient discomfort. Post-
expansion CBCT confirmed no improvement in occlusal or maxillary
expansion. A surgical-assisted rapid palatal expander is planned after a
brief rest period for the patient (Figs. 4 and 5).

Another case involved a 29-year-old female patient with a narrow
maxilla and crossbite. Prior to treatment, a CBCT examination was per-
formed to determine the patient's suture maturation stage, which was
classified as D/E. Digital planning was used to design surgical guides,
and a one visit protocol was used to correct the transverse discrepancy
using a Bone Borne Expander and fixed appliance. During the same
appointment, four TADs were inserted into the palate using two surgical
guides. However, after 19 turns, the bone borne expander fractured, and
no clinical improvements were observed. Post-treatment occlusal views
and a follow-up examination confirmed the absence of maxillary expan-
sion, likely due to the patient's D/E maturation stage. Therefore, a surgi-
cal-assisted rapid palatal expander is planned and will be performed
after a short rest period. Figs. 6 and 7
Discussion

The authors of this article emphasize the relevance of a diagnostic
approach to maxillary expansion rather than relying solely on appli-
ance-driven strategies. It is common for doctors to immediately consider
expanding the maxilla when a crossbite occurs, overlooking the fact that
the mandible is often excessively broad.35 Wiechmann has recently pre-
sented a unique dentoalveolar compensation technique involving both
jaws and CAD/CAM expansion and compression archwires to treat pos-
terior crossbites.35



Fig. 3. a) A pseudo class III malocclusion was observed in a 13-year-old boy.
b) He received treatment using a 2-implant borne expander with palatal protraction arms to facilitate wearing a facemask at night.
c) After approximately 9 months, which included the use of a fixed straight wire appliance, the boy exhibited a good occlusion.
d) The situation remained stable after 2 years of retention.
e) To “jump” the bite, the boy was given anterior lingual bite stops.
f) Superimpositions of the lateral cephalograms showed a significant improvement in the pseudo class III malocclusion- interestingly mostly in the mandible
g) The bone borne expander was digitally planned and the appliance was 3D printed using SLM technology
Note that the appliances should be secured either by using an included loop and leash to teeth or by a molar bonding PAD, the hybrid hyrax way.
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However, the most prevalent approach to treating posterior
crossbites today is by widening the maxillary arch, with or without
surgical assistance. The extent of transverse correction required
often exceeds what can be achieved through dentoalveolar correc-
tion in the maxilla alone, leading to the frequent choice of
approaches that include surgical assistance, such as surgically
assisted rapid palatal expansion (SARPE) or bone-borne expansion,
in adult patients with posterior crossbites.
Fig. 4. A female patient, 35 years old, presented with mild anterior crowding in the
was conducted to plan the implant position and assess suture maturation staging. Dig
used to support and anchor the bone borne expander. Subsequently, surgical guides w

4

Research studies utilizing histological and micro-CT techniques have
shown that chronological age and gender are not reliable indicators of
midpalatal suture fusion.32,36,37 Complete fusion of the suture has been
observed in 15-year-olds, while no signs of fusion have been found in
70-year-olds.32,36 In light of this dilemma, Revelo and Fishman sug-
gested individual assessments of mid-palatal sutures in all cases, regard-
less of age or gender, using occlusal radiographs.38 However, artifacts
caused by overlapping structures, such as the vomer and external nose,
upper and lower arch and a narrow maxilla. A pre-treatment CBCT examination
ital planning was utilized to design the placement of four implants, which were
ere created and 3D printed for use during the procedure.



Fig. 5. The clinical procedure for the One-Visit Protocol involved implant placement and fitting of the bone borne expander in a single visit. Pre- and post-treatment
occlusal views were compared, and a post-treatment CBCT examination was conducted. However, in this case (Stage E), the expansion procedure failed, and the appli-
ance was deformed, resulting in implant movement without any expansion effect.
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can make the diagnosis unreliable and lead to false interpretations.31

CBCT imaging allows for three-dimensional visualization of the oral and
maxillofacial structures, enabling evaluation of mid-palatal suture matu-
ration without the overlay of external structures in the mid-palatal
region.39 Unfortunately, the use of CBCT in young children may present
challenges.

In their CBCT study, Angieleri et al. reported that stage A was
observed in early childhood (5 to 11 years of age), and stage B was
mainly observed up to 13 years of age.33 A study by Ludy Marileidy
Jimenez-Valdivia et al. supported these findings and found a higher
prevalence of stage C in the age group of 10-15 years. They also sug-
gested an increased prevalence of stage C in females, indicating earlier
maturation of the midpalatal suture in women compared to men.
Gr€unheid et al. confirmed that suture density was the most important
Fig. 6. This case presents a 29-year-old female patient with a narrow maxilla. Prior to
stage (Stage D/E) and digital planning was performed to design surgical guides for the

5

factor in predicting the skeletal effects of rapid maxillary expansion.41

The fusion process of the mid-palatal suture begins with bone spicules
from the suture margins and "islands" in the middle of the sutural gap.
These spicules are present in multiple locations along the suture and
increase with maturation.42−44 The fusion of the palatine (Stage D) and/
or maxillary portions (Stage E) of the mid-palatal suture provides resis-
tance to the forces applied during conventional RME. Therefore, in these
stages, particularly stage E, patients are more effectively treated using a
surgical approach. Ludy Marileidy Jimenez-Valdivia et al. reported that
60% of subjects older than 18 years showed stages D and E, and the pos-
sibility of opening the suture in post-adolescents and young adults was
approximately 20%.40 It is also important to recognize that bone-borne
expansion carries some risks. These include palate mucosa swelling or
irritation, cleaning difficulties around the device, soft tissue
treatment, a CBCT examination was conducted to assess the patient's maturation
procedure.



Fig. 7. The one visit protocol was applied but the appliance broke during treatment. Pre- and post-treatment occlusal view comparisons were conducted, followed by a
post-treatment examination. However, all diagnostic records showed no expansion most likely due to the patient's D/E stage of maturation.
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impingement, device distortion, tinnitus, micro implant loosening,
sinusitis, failure of suture opening, and asymmetrical expansion.45
Conclusion

1. Diagnostics should take priority: Evaluating the density of the mid-
palatal suture is crucial in determining the feasibility of performing
rapid maxillary expansion in individuals of different ages. It is rec-
ommended that patients aged 15 and above undergo suture matura-
tion staging, as younger patients can generally be assumed to be in
stages A to C.

2. Indications for bone-borne maxillary expanders vary depending on
the maturation stage

� In pre-pubertal stages A, early consideration of bone-borne
expansion should be limited to two scenarios: when combined
with a facemask to prevent mesial drift of permanent teeth or
when there is a lack of dental anchorage due to early loss or agen-
esis. Deciduous teeth should be regarded as potential sources of
anchorage, as they can be equally effective.

� During stages B and C, which occur around the growth spurt,
bone-borne expanders tend to offer obvious advantages over
other tooth-borne expanders.

� For adults in sutural maturation stages D and E, it is recom-
mended to use a bone-borne expander with surgically assisted
rapid palatal expansion (SARPE) to avoid the risk of bone-borne
expansion failure.

The authors emphasize that the emphasis on bone-borne expansion
may be overstated, and the supporting data may not be as compelling as
commonly believed. Therefore, clinicians should carefully assess the
appropriate usage of bone-borne expanders.
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