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Summary
Relevance of the problem. Incidence of posterior cross-
bite has been reported to be 8–23% and it is a com-
mon problem often seen in children and adolescents. An 
effective treatment of the skeletal transversal maxillary 
deficiency usually involves rapid maxillary expansion 
(RME). The expansion can be achieved using different 
types of expanders: bone anchored, tooth anchored or 
hybrid. The variety of clinical results comparing bone-
borne and tooth-borne RME influence lack of unanimous 
treatment plan for adolescents.
Aim. To compare the efficiency of tooth-borne expanders 
with bone-borne expanders by comparing dentoskeletal 
changes evaluated by CBCT.
Material and methods. Electronic database search was 
carried out according to PRISMA principles. Five electro-
nic research databases were searched including Medline 
(via PubMed), Cochrane Library, ProQuest, Wiley On-
line Library and Web of Science. PICOS framework was 
used to form a focused question and the risk of bias was 
assessed using the Cochrane tool for randomized trials 
(RoB 2) by two individual researchers. Included studies 
were randomized clinical trials, published less than 10 
years ago, with minimum follow-up period of 9 months 
with CBCT. 
Results. Two studies proved that bone borne RME produ-
ced greater results in skeletal expansion, however other 
two studies failed to confirm these findings. Regarding 
alveolar bone loss, the results were also contradictory: 
two studies found no significant difference in both RME 
groups, however, other two studies found that bone 
borne RME exhibit less alveolar bone loss. As for den-

tal tipping, the results were also different in all studies: 
In a study performed by Lagravere et al (2013), dental 
tipping occurred regardless of RME treatment for molar 
teeth, however in the premolar group, increased tipping 
was noticed in the tooth-anchored group. Another study 
by the same author concluded similar results: in the to-
oth borne RME group no significant tipping in molars 
was seen, while in premolars, buccal crown tipping was 
observed, which was significant (p<0.003). In the bone 
borne RME group significant dental tipping was obser-
ved in molars.  Contrary to these findings, two studies 
concluded that dental tipping is experienced significantly 
less in the bone-borne RME group and one study per-
formed by Davami et al found no significant difference 
in both groups.
Conclusion. To conclude, current evidence suggests 
contradictory results in maxillary expansion using bone 
borne or tooth borne RME devices. Though the evidence 
is limited, both types of RME have similar outcomes. 
More studies with a higher number of patients are nee-
ded to determine conclusive results.

Introduction
Posterior crossbite is transverse occlusal deviation oc-

curring an abnormal vestibulolingual ratio of one or more 
teeth of the upper and lower jaws in central occlusion [1]. 
This orthodontic abnormality is often associated with narrow 
maxilla and causes negative aesthetic and functional con-
sequences [2]. Incidence of posterior crossbite has been re-
ported to be 8–23% and it is a common problem often seen 
in children and adolescents [3, 4, 5]. An effective treatment 
of the skeletal transversal maxillary deficiency usually invol-
ves rapid maxillary expansion (RME) [6]. During RME, the 
applied heavy forces to the maxilla generates hyalinization 
of periodontal ligament inducing maximum orthopaedic 
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expansion effect [7]. Expansion appliances are generally 
divided into three groups: tooth-borne, bone-borne, and 
hybrid appliances. Tooth-borne palatal expanders transfer 
forces basically to the anchored teeth roots and periodontal 
ligaments, creating less direct impact to maxillary bone [8]. 
However, side effects may occur, including vestibular dental 
tipping, root resorption, reduction of buccal bone thickness, 
and marginal bone loss of anchored teeth [9,10]. That is why 
to obtain the pure skeletal opening the bone-borne appliance 
anchored on 2 or 4 miniscrews has been proposed.  Skeletal 
expansion of the bony halves of the maxilla in adolescents is 
accomplished by opening midpalatal suture non-surgically 
[11]. Either the hybrid RME reduces buccal tipping and also 
improves more skeletal than dental changes [12].  To achieve 
the reliable evaluation of craniofacial transverse dimension 
efficiency following bone-borne versus tooth- borne ma-
xillary expansion the cone-beam computed tomography 
(CBCT) is used [13, 14, 15]. Three-dimensional volumetric 
imaging ensures the accuracy of landmark placement in any 
maxilla area and enables quantitative evaluation of alveolar 
bone thicknesses [13].  The CBCT significant potential in 
the diagnosis of crossbite abnormality treatment expands the 
ability to qualitatively measure the effect of different RME 
appliances. Therefore, there is lack of evidence regarding 
the most effective way for stable maxilla expansion [8]. The 
variety of clinical results comparing bone-borne and tooth-
borne RME influence lack of unanimous treatment plan for 
adolescents. Thus, the aim of this study was to compare 
the efficiency of tooth-borne expanders with bone-borne 
expanders by quantifying dentoskeletal changes evaluated 
by CBCT.

The aim of the study. To compare the efficiency of to-
oth-borne rapid maxillary expanders with bone-borne rapid 
maxillary expanders by comparing dental and skeletal chan-
ges evaluated by CBCT.

Material and methods
Search strategy. Electronic database search was carried 

out according to PRISMA principles. PICOS framework 
was used to form a focused question: does the type of ra-
pid maxillary expanders (bone borne or tooth borne) inf-
luence dental and skeletal changes for adolescents treated 
for maxillary transverse deficiency or posterior crossbite. 
Five electronic research databases were searched including 
Medline (via PubMed), Cochrane Library, ProQuest, Wiley 
Online Library and Web of Science. Keywords included 
"rapid maxillary expansion", "Cone-beam computerized 
tomography”, "tooth-borne", "bone-borne".

Inclusion and exclusion criteria. The articles matching 
inclusion criteria and not having exclusion criteria, were 
included into the study. Inclusion and exclusion criteria are 
displayed in Table 1.

Quality assessment. The risk of bias was assessed using 
the Cochrane risk-of-bias tool for randomized trials (RoB 2) 
by two individual researchers [16]. Risk of bias was assessed 
using following domains:

• Bias arising from the randomization process
• Bias due to deviations from intended interventions
• Bias due to missing outcome data
• Bias in measurement of the outcome
• Bias in selection of the reported result
The risk of bias was categorised into three groups:
• low risk of bias
• some concerns over the risk of bias
• high risk of bias

      Results
Search results. Database search yielded 86 results. After 

further screening, six studies met the eligibility criteria for 
this review.

Risk of bias. The evaluation results of risk of bias are 
depicted in figure 1. Each domain was assessed:

Inclusion: Exclusion:

Randomized clinical trial studies Literature reviews, meta-analysis, case reports, retrospective 
studies

Published less than 10 years ago Published more than 10 years ago

Human subject Animal studies, in vitro studies

Young and late adolescent patients Adult patients

Diagnosed maxillary transverse deficiency or posterior crossbite Diagnosed craniofacial syndromes, cleft lip or palate
Patients whose treatment require non-surgical rapid maxillary 
expansion Patients with previous or surgical orthodontic treatment

Cone-beam computed tomography evaluation Clinical evaluation, dental cast analysis, occlusograms, cra-
niofacial radiography, posteroanterior cephalograms analysis

Follow-up at least 9 months Follow-up less than 9 months

Table 1. Inclusion and exclusion criteria
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• Bias arising from the randomization process: Celenk 
Koca et al and Manuel O. Lagravere described the randomi-
zation process. In Koca, the randomization was performed 
using a computer-generated list of random numbers with a 
block size of four. In Lagravere (2020) excel worksheet was 
used to create random number blocks to distribute patients 
into three groups. Due to only these authors describing ran-
domization procedures, only these studies could be described 
as having low risk of bias in this domain.

• Bias due to deviations from intended interventions: 
The studies which described the concealment of allocation 
sequence, were as having low risk of bias. The concealment 
was assured using opaque and sealed envelopes with the 
allocation number and the sequence was concealed from 
the orthodontist and patients. However, it is impossible to 
fully blind patients and orthodontists. Considering this, only 
studies performed by Koca (2018) and Lagravere (2020) 
have low risk of bias.

• Bias due to missing outcome data: no missingness or 
concealment of data was found in all the studies, therefore, 

all included studies exhibit low risk of bias.
• Bias in measurement of the outcome: all studies used 

appropriate methods of measuring which did not differ 
among intervention groups; therefore, all the included studies 
could be described as having low risk of bias in this domain.

• Bias in selection of the reported result: none of the 
studies showed selection of specific results and the data was 
analysed using a pre-specified plan.

 Characteristics of included studies. A summary of the 
key study characteristics and results of the selected articles 
is presented in Table 2. The articles were all in English, they 
were published between 2013 and 2020, and the sample sizes 
of the studies ranged from 28–62. There was a total of 270 
participants with a need for rapid maxillary expansion. In 
all the studies, the tooth-anchored rapid maxillary expander 
(RME) was a Hyrax appliance, while bone-anchored maxillary 
expanders (BAME) were different. All of 6 studies used CBCT 
analysis to quantify the measurements before treatment and 
after maxillary expander retention period. Follow-up periods 
in the included studies varied from 9 months to 24 months.

Figure 1. Evaluation of risk of bias
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Comparison between bone-borne and tooth-borne 
RME appliances. Dental tipping (tooth inclination) was 
evaluated in five out of six included studies. In a study per-
formed by Lagravere et al (2013), dental tipping occurred 
regardless of RME treatment for molar teeth, however in the 
premolar group, increased tipping was noticed in the tooth-
anchored group [17]. Another study by the same author [18] 
concluded similar results: in the tooth borne RME group no 
significant tipping in molars was seen, while in premolars, 
buccal crown tipping was observed, which was significant 
(p<0.003). In the bone borne RME group significant dental 
tipping was observed in molars. Contrary to these findings, 
two studies concluded that dental tipping is experienced 
significantly less in the bone borne RME group [19, 20] and 
one study performed by Davami et al found no significant 
difference in both groups [21].

Regarding skeletal expansion, two studies proved that 
bone borne RME produced greater results [19, 20], however 
two other studies failed to confirm these results and found 
no significant difference in both groups [21, 18]. Davami 

et al also concluded that the expansion was focused more 
posteriorly than anteriorly with asymmetry being bigger in 
the tooth borne RME group [21]. However, the findings by 
Lagravere et al (2020) are opposite to those by Davami et al, 
determining that the asymmetry is more visible in the bone 
borne RME group [18].

Study performed by Pham and Lagravere, investigated 
alveolar bone loss in both RME groups. The results showed 
that there is no significant difference between tooth-borne 
and bone-borne RME [22]. One more study concluded simi-
lar results [21]. On the other hand, studies performed by Lu 
Lin et al as well as Celenk-Koca et al exhibited diverse re-
sults. Lu lin et al concluded that bone-borne RME exhibited 
less vertical alveolar bone loss than tooth-borne RME [20]. 
Similarly, Celenk Koca concluded that bone borne RME 
induces less buccal bone loss [19].

Celenk Koca et al studied skeletal changes in both groups 
as well. The results described that bone borne RME group 
had a significantly greater increase in nasal cavity width, 
incisive foramen width and sutural width (p<0.05) [19].

Author, year Study design Sample size 
(patients)

Age (years) Maxillary expander 
type

Pacients 
groups

Dentoskeletal 
evaluation 

method

Follow-
up time 

(months)

Maxillary 
expansion 
outcome

M a n u e l 
O.Lagravere et 
al., 2013

randomized 
clinical trial

62 Not described
(adolescents)

Hyrax RME,
BAME

Tooth-ancho-
red;
Bone-ancho-
red;
Control group 
(delayed treat-
ment)

CBCT 18 1st, 2st maxillary 
molars, premolars 
dental tipping (to-
oth inclination)

Celenk-
Koca et al., 2018

randomized 
clinical trial

40 RME 13 .84  ± 
1.36;
BAME 13.81 ± 
1.23

Hyrax RME, BAME Tooth-ancho-
red;
Bone-anchored

CBCT 12 transverse skele-
tal widths, buccal 
bone thickness, 
tooth inclination, 
and root length

Davami et al., 
2020

randomized 
clinical trial

29 11-17 Hyrax RME, Dresden  
BAME

Tooth-ancho-
red;
Bone-anchored

CBCT 24 transverse, ante-
rior-posterior and 
vertical dentoske-
letal changes

Vi Pham , Ma-
nuel O. Lagra-
vere 2016 

randomized 
clinical trial

61 Not described
(adolescents)

Hyrax RME, BAME Tooth-ancho-
red;
Bone-ancho-
red;
Control group 
(untreated)

CBCT 18 Alveolar bone le-
vel changes

M a n u e l 
O.Lagravere et 
al., 2020

randomized 
clinical trial

50 13-14 Hyrax RME, Dresden  
BAME

Tooth-ancho-
red;
Bone-ancho-
red;
Control group 
(untreated)

CBCT 12 transverse, ante-
rior-posterior and 
vertical dentoske-
letal changes

Lu Lin et al. , 
2015

randomized 
clinical trial

28 RME 17.4 ± 3.4; 
BAME 18.1  ± 
4.4

Hyrax RME,
C-expander BAME

CBCT 9 transverse, ante-
rior-posterior and 
vertical dentoske-
letal changes

Table 2. Characteristics of included studies
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Discussion
In this systematic review, the efficiency of tooth – borne 

RME and bone – borne RME was compared in young and 
late adolescent patients. The total sample size of included 
studies was 270. All 6 studies focused on dental and skeletal 
maxillary changes since there were minimum 9 and maxi-
mum 24 months interval between CBCTs, made before and 
after treatment. To evaluate the expansion results, CBCT 
images for 3D insights was used to determine maxillary 
structures. This type of orthodontic treatment investigation 
including cone-beam computed tomography three-dimen-
sional analysis is the most common in literature [23]. All 
included randomized prospective trials investigated to-
oth – anchored group using Hyrax expander. This RME is 
commonly used in orthodontics due to greater hygiene and 
comfort, minimal interference with speech [24]. However, 
the main long-term standing side effect of tooth-borne ma-
xillary expansion, mentioned in literature, is buccal crown 
tipping [25, 26]. Likewise, the Hyrax limited skeletal effects 
is questionable due to  alveolar bone folding in the buccal 
direction [27, 28]. Bassarelli et al. study found a positive 
correlation between the amount of palatal expansion and 
the magnitude of buccal crown tipping of the posterior teeth 
[29]. These findings are reinforced by the results of this 
systematic review three studies. Lagravere et al. determined 
in both studies, made in 2013 and 2020 [17, 18], that dental 
tipping in molar area occurred in both RME appliances, 
while statistically significantly more often buccal tipping 
was established in tooth- anchored RME group in premolar 
region, compering with bone – anchored RME (p<0.01). 
Hyrax RME group showed significant anterior movement of 
the maxillary first premolar and molar (1.5 mm, p < 0.05), 
and vertical dental extrusion (1.8 mm), while no significant 
dental vertical or anterior-posterior changes was found in 
bone – anchored group [18]. Lu Lin et al study, included in 
this systematic review, also revealed that the Hyrax group 
had more buccal tipping of the alveolar bone and the tooth 
axes, except in the region of the second molar (P < 0.05 or 
< 0.01 or < 0.001) [20].

To reduce premolars and molars tipping while expanding 
maxilla and to decrease the probability of dental compli-
cations in adolescents, the bone-borne RME was inven-
ted [30]. In this systematic review, the tendency of fewer 
dentoalveolar side effects in bone anchored RME group is 
captured in four studies [17, 18, 19, 20]. Celenk-Koca et 
al. study determined that the use of bone-borne expansion 
increased the extent of skeletal changes in the range of 1.5 
to 2.8 times compared with tooth – borne expansion and did 
not result any dental complications [19]. Likewise, Lu Lin 
et al. study showed greater orthopedic effect in BAME (P 

< 0.05 or <0.01) [20]. Therefore, three studies concluded 
that skeletal expansion of both types of appliances produced 
similar bone level changes [18, 21, 22]. Other studies found 
in literature represent similar results that there is no statis-
tically significant difference between bone – anchored and 
tooth – anchored RME efficiency (p > 0,05) [31, 32]. On the 
other hand, MD Koudstaal et al. study even measured that the 
tooth anchored expander had the greater tendency in tipping 
of the maxillary halves, which leads to conclusion of bone – 
borne RME possibility of skeletal relapse [33]. The transitory 
effect of RME was also specified in Lagravere et al. syste-
matic review. The study revealed that long-term transverse 
skeletal maxillary increase was approximately 25% of the 
total dental expansion for prepubertal adolescents. It also 
established the RME clinically significant unavailability to 
produce anteroposterior or vertical changes in the position 
of the maxilla and mandible [34]. This conclusion matches 
with in this study included Davami et al. prospective trial, 
which revealed that in Hyrax RME and BARME the great-
est changes were in the transverse plane, while changes in 
vertical and anterior-posterior were negligible [21].

Regarding limitations of this systematic review, there 
were few. Even though the included prospective trials sample 
size power analysis was satisfied, it can still be considered 
small for the type of appliances used. Three out of six studies 
did not have a control group to factor out the normal growth 
changes that could have happened during the expansion and 
retention periods. Moreover, only Davami et al. study was 
investigating the long-term effect of skeletal expansion an-
chored by miniscrews. The interval between two CBCTs can 
affect the results by adolescent growth, bone remodelling. 
Moreover, the difference between CBCT analysis protocol 
used in studies can lead to discrepancy in results.

Conclusions
1. To conclude, current evidence suggests contradictory 

results in maxillary expansion using bone borne or tooth 
borne RME devices. 

2. Though the evidence is limited, both types of RME 
have similar outcomes. More studies with a higher number 
of patients are needed to determine conclusive results.
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PRIE DANTŲ IR PRIE KAULO TVIRTINAMŲ 
GREITOJO PLĖTIMO APARATŲ EFEKTYVUMO 

PALYGINIMAS JAUNIEMS PACIENTAMS IR 
PAAUGLIAMS

G. Zabielskaitė, M. Varoneckaitė, A. Varoneckas
Raktažodžiai: greitas viršutinio žandikaulio plėtimas, tvirti-

namas kaule, tvirtinamas prie dantų, KPKT, dentaliniai pokyčiai, 
skeletiniai pokyčiai.

Santrauka
Problemos aktualumas. Nustatyta, kad galinis kryžminis są-

kandis yra dažna problema, pasitaikanti paaugliams, kurios daž-
nis siekia 8-23 procentus. Veiksmingam skeletiniam skersiniam 
viršutinio žandikaulio trūkumo gydymui naudojamas greitas žan-
dikaulio plėtimas (RME). Plėtimas atliekamas naudojant įvairių 
tipų plėtimo aparatus: tvirtinamus prie kaulo, prie dantų, arba hi-
bridinius. Klinikinių tyrimų rezultatai, lyginant kaule tvirtinamus 
ir dantyse tvirtinamus RME, yra įvairūs, todėl nėra tikslaus gy-
dymo plano paaugliams.

Tikslas. Palyginti prie dantų  ir prie kaulo tvirtinamų greitojo 
plėtimo aparatų efektyvumą, įvertinus KPKT dentalinius ir skele-
tinius pokyčius.

Medžiaga ir metodai. Elektroninių duomenų paieška atlikta 
pagal PRISMA principus. Paieška atlikta penkiose elektroninėse 
mokslinių tyrimų duomenų bazėse: Medline (per PubMed), Coch-
rane Library, ProQuest, Wiley Online Library ir Web of Science. 
Siekiant suformuluoti tikslingą klausimą, naudotasi PICOS sistema, 
o norint įvertinti šališkumo riziką, atsitiktinių imčių tyrimams skirta 
Cochrane (RoB 2), įvertinant dviem nepriklausomiems tyrėjams. 
Įtraukti atsitiktinių imčių klinikiniai tyrimai, paskelbti ne seniau 
kaip prieš 10 metų, kurių stebėjimo laikotarpis buvo ne trumpes-
nis kaip 9 mėnesiai, naudojant KPKT. 

Rezultatai. Du tyrimai įrodė, kad prie kaulo tvirtinamas RME 
sukėlė didesnį skeletinį plėtimą, tačiau kiti du tyrimai šių rezul-
tatų nepatvirtino. Dėl alveolinio kaulo netekimo rezultatai taip pat 
buvo prieštaringi: dviejų tyrimų metu nenustatyta reikšmingo skir-
tumo abiejose RME grupėse, tačiau kitų dviejų tyrimų metu nu-
statyta, kad kaule tvirtinami RME pasižymi mažesniu alveolinio 
kaulo netekimu. Tiriant dantų pasvirimo pokyčius, visų tyrimų re-
zultatai taip pat buvo skirtingi: M.O. Lagravere ir kt. (2013) atlik-
tame tyrime krūminių dantų pasvirimas pasireiškė nepriklausomai 
nuo RME rūšies, tačiau prieškrūminių dantų grupėje pastebėtas 
didesnis dantų pasvirimas su prie dantų pritvirtintu RME. Kitame 
tyrime, atliktame to paties autoriaus, išvados buvo panašios: prie 
dantų tvirtinamoje RME grupėje nepastebėta reikšmingo krūminių 
dantų pasvirimo, o prieškrūminių dantų grupėje pastebėtas buka-
linis dantų vainikų pasvirimas, kuris buvo reikšmingas (p<0,003). 
Kaule tvirtinamuose RME pastebėtas reikšmingas dantų vainiko 
pasvirimas krūminiuose dantyse.  Priešingai šiems rezultatams, 
dviejuose tyrimuose padaryta išvada, kad kaule įtvirtintų RME 
dantų pasvirimas reikšmingai mažesnis, o K. Davami ir kt. atlik-
tame tyrime reikšmingo skirtumo tarp abiejų grupių nenustatyta.

Išvados. Apibendrinant galima teigti, kad dabartiniai duome-
nys rodo prieštaringus rezultatus, lyginant kaule įtvirtintų ir ant 
dantų tvirtinamų RME prietaisų efektyvumą. Nors įrodymai yra 
riboti, abiejų rūšių RME efektyvumas yra panašus. Norint nusta-
tyti įtikinamus rezultatus, reikia atlikti daugiau tyrimų su didesne 
pacientų imtimi. 
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