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Abstract 
Background: Orthopedic rapid maxillary expansion (RME) is a common treatment of choice for managing trans-
verse deficiency of the maxilla. This approach may have desired and undesired skeletal, dental and periodontal 
effects that may be assessed clinically or through imaging techniques. This study aims to investigate the dental, 
skeletal and periodontal effects of orthopedic RME using the soft-tissue cone-beam computed tomography (CBCT) 
technique. 
Material and methods: The sample consisted of 10 patients (5males and 5 females) aged between 10 and 14 years 
(mean age: 12.5 years) treated with Hyrax orthopedic device. CBCT scans set for the registration of soft tissue 
(ST-CBCT) were taken from each patient before (T1) and 120 days after (T2) RME. Skeletal (n=10), dental (n=1) 
and periodontal (n=4) parameters measured in ST-CBCT were compared between T1 and T2 using t-test within a 
significance level of 5%. 
Results: The skeletal parameters with statistically significant increase (p<0.05) in T2 were the width of the buccal 
alveolar bone crest, the external width of the dental arch at the level of buccal cusps, and the width of the dental 
arch at the level of most prominent dental surface contour. Representing the dental parameter, the inclination of 
the anchor teeth was statistically significant for premolars (p<0.05). The only statistically significant outcome in 
periodontal parameters was the decrease in buccal bone plate thickness of first molars (p<0.05). 
Conclusions: Dentists must be aware of the ST-CBCT technique for the analysis of hard and soft tissue after ortho-
dontic and orthopedic treatments. This technique revealed that the RME reached optimal skeletal and dental effects 
with minimal periodontal side effects.
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Introduction
The transverse deficiency of the maxilla (TDM) may 
lead to posterior crossbite and must be treated with 
specific and optimal therapeutic approaches. The rapid 
maxillary expansion (RME) figures as a clinical tool 
for the treatment of TDM in Orthodontics (1,2) The or-
thopedic devices used in the RME promote opening of 
the median palatal suture (3-6); buccal positioning of 
the anchor teeth with inclination and translation (4,7); 
central positioning of the mandibular condyles in the 
glenoid fossa and major asymmetry between them (1); 
increase in the width of the nasal cavity (4,6,7); slight 
positioning of the maxilla downwards and extrusion 
of the upper molars (8); and buccal inclination of the 
crowns of  the supporting teeth with reduction of the 
buccal bone plate thickness (9). 
The soft-tissue cone-beam computed tomography (ST-
CBCT) (10,11) technique emerged in the last decade to 
enable more accurate analyses of the periodontal structu-
res, such as the thickness of palatal mucosa and gingiva. 
In this technique, conventional CBCT scans are taken 
while the patient uses a lip retractor to expose intraoral 
tissues for a better image acquisition (10,11). Despite the 
vast scientific literature on the RME, no study was de-
signed to investigate the skeletal, dental and periodontal 
effects of RME through the ST-CBCT technique. In this 
context, this study innovates in the interface of Imaging 
and Orthodontics and contributes towards optimal and 
evidence-based clinical practices.
Based on the exposed, the present study aims to use the 
ST-CBCT technique to exam the skeletal, dental and 
periodontal effects of RME in patients that underwent 
treatment for TDM.

Material and Methods 
This study was approved by the local Committee of 
Ethics in Research under the protocol number 173/11.
A longitudinal experimental study was designed, in 
which the patients were selected based on their registra-
tion for orthodontic treatment at university level.
Inclusion criteria were used to filter an initial sample of 
420 patients. These criteria consisted of selecting male 
and female patients aged between 10 and 14 years old 
(mean age: 12.5 years). After the selection process, ex-
clusion criteria were applied to the remaining 157 pa-
tients. According to these criteria, patients with facial 
profile type III were excluded from the sample, as well 
those with Angle’s occlusal relation other than Class I or 
II division 1. Additionally, patients with overbite below 
-1mm and above +4mm were excluded. Other exclusion 
criteria consisted of deciduous molars in the maxillary 
arch, metallic restoration in the permanent maxillary 
first molars, periodontal disease and history of previous 
orthodontic treatment. After exclusions, the sample was 
reduced to 82 patients. Next, an experienced orthodon-

tist examined each patient in the search for those with 
maxillary atresia (considering the clinical aspect of the 
buccal corridor). Out of the selection process 21 patients 
were considered eligible for RME. In the next phases 2 
patients quit the treatment and 9 needed new activations 
(prolonged treatment). Based on that, they were exclu-
ded from the sample. The final sample remained with 10 
patients. 
Before the treatment with RME each patient underwent 
CBCT scan for optimal orthodontic planning. The ima-
ges were taken with the iCat Vision (Imaging Scien-
ces International, Hatfield, PA, USA) device set with 
120kVP, 37mAs and acquisition time 14.7 seconds. 
During image acquisition the ST-CBCT technique was 
used (10,11). This technique consists of positioning an 
orthodontic lip retractor to enable a clearer view of the 
soft periodontal tissue (10,11). For a better analysis of 
the maxillary teeth, the images were not taken with the 
teeth in occlusion. All the images were taken by a single 
technician in the same CBCT device. 
RME was performed with Hyrax orthopedic device su-
pported bilaterally in the maxillary first premolars and 
molars. An expansion screw (Morelli, Sorocaba, SP, 
Brazil) of 13mm was used and the activation was per-
formed (full rotation) right after the installation of the 
device and daily with 1⁄4 rotation in the morning and 1⁄4 
in the evening (4,7). RME was concluded when the pala-
tal cusps of the maxillary first premolars reached contact 
with the buccal cusps of the mandibular first premolars 
(12). Clinical follow-ups were performed weekly until 
the treatment was finished. After RME, the activation 
screw was locked for 120 days. During this period, the 
clinical follow-up was conducted once a month. After 
120 days, new ST-CBCT scans were taken. The ST-
CBCT data before (T1) and after (T2) RME were re-
constructed from DICOM files in 0.5mm increments. 
Image analysis was performed with OsiriX v.5.5.2 (Osi-
rix Foundation, Bernex, Switzerland) software package. 
The maxilla was examined in axial, sagittal and coronal 
slices. 
Table 1 describes the skeletal (n=10; Fig. 1), dental (n=1; 
Fig. 2) and periodontal (n=4; Fig. 3) parameters measu-
red in each patient through ST-CBCT in T1 and T2 (Ta-
ble 1). The systematic error intra-examiner was assessed 
with paired t-test, while Dahlberg test (error=√∑d2/2n, 
in which d: difference between the 1st and the 2nd me-
asurements and n: number of repetitions) was used to 
assess the casual error (13). All the measurements were 
taken twice within an interval of 15 days. The difference 
between measurements taken in T1 and T2 was explored 
in descriptive statistics and compared using paired t-test 
and considering a significance level of 5% (p<0.05). All 
the statistical procedures were performed with Statistica 
11 (StatSoft Inc., Tulsa, USA) software package. 
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Parameter Description Setting
1. Skeletal
1.1. NF Width of the maxillaa

Three coronal slices perpendicular to the median sagittal plane. One 
through the center of the palatal root of the right maxillary first pre-
molar; other through the center of the root of right maxillary second 
premolar; and the last through the center of the palatal root of right 
maxillary first molar

1.2. HP Width of the maxillab

1.3. HP’ Width of the hard palate

1.4. BAC
Width of the maxilla at the lev-
el of the buccal alveolar bone 
crestc

1.5. DA.E External width of the dental 
archd

1.6. DA.E’ External width of the dental 
arche

1.7. DA.I Internal width of the dental 
archf

1.8. DA.I’ Internal width of the dental 
archg

1.9. PA
Distance between the apices 
of palatal roots of the posterior 
teeth

1.10. LAC Distance between the lingual 
alveolar bone crests

2. Dental

2.1. IAT

Angle between a line from the 
palatal cusp tip to the apex of 
the palatal root of the anchor 
tooth and a reference line in the 
hard palate

Three oblique slices perpendicular to the dental arch contour. One 
through the center of the palatal root of maxillary first premolars; 
other through the center of the root of the maxillary second premolars; 
and the last through the center of the palatal root of maxillary first 
molars

3. Periodontal

3.1. TAG Thickness of the attached gin-
givah

3.2. GMABC
Distance between the gingival 
margin to the alveolar bone 
crest

3.3. CJABC
Distance between the cemento-
enamel junction to the alveolar 
bone crest

3.4. BBPT Buccal bone plate thickness 

Table 1: Skeletal, dental and periodontal effects of the rapid maxillary expansion analyzed through soft-tissue cone-beam computed tomogra-
phy (ST-CBCT).

a: measured at the level of the nasal cavity floor; b: at the level of the hard palate; c: most external point; d: measured at the level of buccal cusp 
tips; e: measured at the level of most prominent buccal dental surface contour of the posterior teeth; f: measured at the level of most prominent 
lingual surface contour of the posterior teeth; g: measured at the level of palatal cusp tips; h: measured parallel to the hard palate in the thicker 
region of the attached gingiva on the buccal side of the anchor teeth; IAT: inclination of the anchor teeth; World Dental Federation coding.

Results 
Paired t-test and Dahlberg test demonstrated that the sys-
tematic and casual errors intra-examiner resulted without 
statistically significant differences (p>0.05) between the 
two measurements performed by the same examiner. This 
outcome was observed for the measurements of all para-
meters (skeletal, dental and periodontal). 
The mean and standard deviations of the skeletal mea-
surements in T1 and T2 are reported in Table 2. Statis-

tically significant increase in size was observed in the 
width of the maxilla at the level of buccal alveolar bone 
crest in the region of first premolars and molars; in the 
external width of the dental arch at the level of buccal 
cusp tips; and in the external width of the dental arch 
at the level of the most prominent buccal dental surface 
contour of the posterior teeth (p<0.05).
The mean and standard deviations of the measurements 
taken from the inclination of the anchor teeth in T1 and 
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Fig. 1: External (A) and internal (B) measurements (n=10) taken through ST-CBCT 
in each patient to analyze the skeletal effects of rapid maxillary expansion. Legend: 
Measurements from 1 to 10 correspond, respectively, to the skeletal parameters NF, 
HP, BAC, DA.E’, DA.E, HP’, PA, LAC, DA.I’ and DA.I. Additional description of these 
parameters is found in Table 1.  

Fig. 2: Angle measured between a line from the palatal cusp tip to apex of the anchor tooth (A) and a horizontal 
line the at the level of hard palate (B). Legend: This measurement expressed to the angle of anchor tooth quanti-
fied through ST-CBCT in each patient before and after rapid maxillary expansion. 

T2 are reported in Table 3. The only statistically signi-
ficant difference was observed in the premolars, which 
increased their inclination (angle) in T2 (p<0.05).
The mean and standard deviations of the measurements 
taken from the condition of the periodontal structures 
of the anchor teeth before (T1) and after (T2) RME 
are reported in Table 4. A general decrease in measure-
ments was observed after RME. Statistically significant 
decrease in the buccal bone plate thickness was obser-
ved in the molar region (p<0.05). The other periodontal 
structures differed between T1 and T2 without statistical 
significance (p>0.05). 

Discussion 
Recent studies (14-17) used (CB)CT to investigate the 
effects of orthodontic and orthopedic treatments in dental 
and maxillofacial structures. This type of imaging moda-
lity enables a highly accurate access to human hard tis-
sues. However, according to Januário et al. (10) (2008), 
this exam also could play a valuable role for the analy-
sis of periodontal soft tissues. The present study used the 
CBCT technology to perform skeletal, dental and perio-
dontal measurements (10,11) in patients that underwent 
RME. Moreover, this study innovates by investigating 
also alterations in periodontal soft tissue after RME.
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Fig. 3: Measurements (n=4) taken through ST-CBCT in each patient to analyze the 
periodontal effects of rapid maxillary expansion. Legend: Measurements from 1 to 
4 correspond, respectively, to the periodontal parameters TAG, BBPT, CJABC and 
GMABC. Additional description of these parameters is found in Table 1.  

Initially, this study did not reveal a statistically signifi-
cant increase in the transverse dimension of the maxi-
lla at the level of nasal cavity floor and external hard 
palate. Differently, other authors observed significant 
effects of RME in these structures (4,7,14,16,17). In 
practice, the difference may be justified in the inherent 
characteristics of the sample and in the protocol used 
for the activation of the orthopedic device. The patients 
sampled in this study had maxillary atresia but did not 
have posterior crossbite. It justifies the need for a minor 
expansion compared to other studies. For this reason, an 
exact quantity of activation and expansion was not esta-
blished beforehand. Following Christie et al. (6) (2010) 
and Pangrazio-Kulbersh et al. (16) (2012), clinical para-
meters were adopted to indicate the necessary quantity 
of expansion in each patient. Consequently, the opening 
of the median palatal suture observed in T2 promoted a 
significant increase in size in the internal measurements 
of the hard palate (at the premolar region) but not in the 
external measurements. These outcomes suggest that the 
RME had discrete skeletal effects in the basal structures 
of the maxilla, such as the hard palate. 
Other measurements that revealed statistically signifi-
cant increase in size were the width of the maxilla at the 
level of buccal alveolar bone crests and the external wi-
dth of the dental arch. The previous scientific literature 
(3,4,7,14,16,17) corroborates these outcomes and shows 
that the RME triggers not only orthopedic but also or-
thodontic effects by remodeling the alveolar bone. This 
outcome confirms the previous findings and indicates 
that the RME led to major modifications in the alveolar 
bone compared to the hard palate (7,14). This pheno-

menon potentially relies on the advanced stage of bone 
formation given by the age of the patients and also by 
the lack of deciduous teeth. 
Other orthodontic effects reported in the scientific lite-
rature (3,9,7,14,17) is the buccal inclination of the an-
chor teeth. These effects were also detected in this study. 
However, according to the literature (7,9,14) the second 
premolars are more susceptible to inclination because 
usually they are not banded. Differently, both the first 
and second premolars had a significant inclination in the 
dental arch. 
The buccal bone plate thickness of premolars and molars 
decreased after RME. However, statistically significant 
differences between T1 and T2 were observed only in 
molars. Studies in the field already detected these al-
terations (7,9,14). Rungcharassaeng et al. (9) (2007) 
observed more evident decrease in the measurement 
of thickness in the buccal bone plate of first molars, fo-
llowed by first premolars and second molars. Moreover, 
these outcomes show that teeth with orthodontic bands 
and under direct expansion force are more susceptible to 
adverse effects. Oppositely, the present study demons-
trated a gradual decrease from the first premolar (less 
evident) to the first molar (more evident and statistically 
significant). 
The buccal gingival thickness of the anchor teeth was 
not altered significantly 120 days after RME. Artun and 
Grobéty (18) (2001) observed that the significant in-
clination of a tooth may be performed without risk of 
gingival retraction. However, this type of orthodontic 
movement may lead to bone dehiscence. This adverse 
effect may be more justified in the decrease in the buccal 
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Parameter
T1 T2

Difference p
Mean SD Mean SD

NFa 3687.95 457.30 3634.15 413.66 -53.80 0.519
HPa 3992.70 316.78 4013.70 350.48 21.00 0.708
BACa 4704.50 286.69 4848.40 272.55 143.90 0.001
DA.E’a 4462.60 282.46 4734.70 253.80 272.10 0.003
DA.Ea 4012.85 271.52 4337.70 334.48 324.85 0.009
HP’a 1537.00 225.24 1620.05 201.44 83.05 0.035
PAa 3159.80 329.54 3284.65 375.94 124.85 0.082
LACa 2715.00 237.95 2965.65 230.60 250.65 0.002
DA.I’a 2568.80 284.99 2921.95 233.86 353.15 <0.001
DA.Ia 2967.25 339.68 3332.60 242.03 365.35 0.008
NFb 5227.00 918.79 4927.15 1112.00 -299.85 0.123
HPb 5082.15 691.49 4928.50 674.02 -153.65 0.224
BACb 5284.45 322.89 5385.30 371.43 100.85 0.085
DA.E’b 4764.10 547.53 5075.90 561.78 311.80 <0.001
DA.Eb 4355.90 700.54 4726.90 714.17 371.00 <0.001
HP’b 1854.20 204.82 1913.65 243.89 59.45 0.192
PAb 3757.75 203.21 3822.20 259.89 64.45 0.199
LACb 3171.15 392.50 3378.25 471.45 207.10 0.001
DA.I’b 2903.60 610.26 3230.50 660.72 326.90 <0.001
DA.Ib 3226.00 669.75 3626.35 671.33 400.35 <0.001
NFc 6359.75 880.03 6349.10 874.09 -10.65 0.723
HPc 6124.15 805.06 6133.45 806.69 9.30 0.847
BACc 5933.95 452.15 6011.35 405.45 77.40 0.038
DA.E’c 5518.80 481.16 5815.70 451.58 296.90 0.001
DA.Ec 5195.75 408.39 5451.35 504.06 255.60 0.009
HP’c 2190.55 443.82 2314.35 400.76 123.80 0.060
PAc 3110.60 434.42 3358.60 432.85 248.00 0.001
LACc 3325.55 230.55 3611.05 288.78 285.50 0.001
DA.I’c 3266.15 221.41 3512.10 272.70 245.95 <0.001
DA.Ic 3856.65 260.65 4177.05 276.52 320.40 <0.001

Parameter
T1 T2

Difference p
Mean SD Mean SD

IATa 86.65 7.54 91.69 8.84 5.04 0.006
IATb 82.95 9.72 86.92 8.42 3.96 0.008
IATc 101.20 5.26 102.58 6.01 1.38 0.136

Table 2: Comparison of skeletal parameters measured in each patient before and after rapid maxillary expansion.

a: measurement related to the maxillary first premolar; b: measurement related to the maxillary second premolar; c: mea-
surement related to the maxillary first molar; T1: before rapid maxillary expansion; T2: after maxillary expansion; SD: 
standard deviation; p: statistical difference according to paired t-test set with significance level of 5%. For a detailed 
description of parameters refer to Table1. 

Table 3: Comparison of dental parameters measured in each patient before and after rapid maxillary expansion.

a: measurement related to the maxillary first premolar; b: measurement related to the maxillary second premolar; c: mea-
surement related to the maxillary first molar; T1: before rapid maxillary expansion; T2: after maxillary expansion; SD: 
standard deviation; p: statistical difference according to paired t-test set with significance level of 5%. For a detailed 
description of parameters refer to Table1. 
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Parameter
T1 T2

Difference p
Mean SD Mean SD

TAGa 0.060 0.038 0.077 0.032 0.017 0.187
GMABCa 0.338 0.062 0.284 0.123 -0.054 0.160
CJABCa 0.146 0.047 0.144 0.067 -0.002 0.917
BBPTa 0.203 0.064 0.176 0.087 -0.027 0.250
TAGb 0.062 0.026 0.075 0.030 0.012 0.304
GMABCb 0.328 0.065 0.349 0.080 0.021 0.469
CJABCb 0.164 0.084 0.201 0.066 0.038 0.260
BBPTb 0.291 0.094 0.259 0.083 -0.031 0.140
TAGc 0.056 0.020 0.116 0.119 0.060 0.146
GMABCc 0.301 0.071 0.320 0.068 0.018 0.492
CJABCc 0.124 0.029 0.140 0.031 0.016 0.177
BBPTc 0.251 0.076 0.215 0.070 -0.036 0.009

Table 4: Comparison of periodontal parameters measured in each patient before and after rapid maxillary expansion.

a: measurement related to the maxillary first premolar; b: measurement related to the maxillary second premolar; c: mea-
surement related to the maxillary first molar; T1: before rapid maxillary expansion; T2: after maxillary expansion; SD: 
standard deviation; p: statistical difference according to paired t-test set with significance level of 5%. For a detailed 
description of parameters refer to Table1. 

bone plate thickness than in the decrease in the thick-
ness of attached gingiva. Additionally, other factors, 
such as the dental plaque control and the lack of trauma 
by tooth brushing, are essential to maintain proper con-
ditions of periodontal structures (19). In the same con-
text, Greenbaum and Zachrisson (20) (1982), followed 
during 3 years a group of patients that underwent RME 
and another that were not treated with RME. The authors 
observed proper periodontal condition in both groups. 
However, most of the patients with insertion loss in the 
buccal side of molars were treated with RME. On the 
other hand, the study also highlights that individual va-
riations were determinant to the occurrence of adverse 
periodontal effects. The outcomes of the present study 
show that despite the decrease in the buccal bone plate 
thickness, bone dehiscence was not detected – which is a 
positive evidence for periodontal maintenance.
The benefits of the RME are well established in the scien-
tific literature. In parallel, high-tech imaging and techni-
ques, such as CBCT and ST-CBCT, respectively, point 
towards more predictable adverse effects. The present 
study showed that the skeletal, dental and periodontal 
effects of RME are evident. Additionally, it shows that 
in short-term and non-excessive treatment the buccal 
gingival tissue is not significantly altered by the RME. 
However, this study recommends further investigations 
to verify the buccal gingival tissue of patients that under-
go RME with the need for larger expansion.
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