Meandros Med Dent J

Original Article / Özgün Araştırma

Assessment of Alveolar Bone Loss and
Buccal Bone Thickness After Surgically
Assisted Rapid Maxillary Expansion
Cerrahi Destekli Hızlı Üst Çene Genişletmesi Sonrası Alveolar Kemik
Kaybının ve Bukkal Kemik Kalınlığının Değerlendirilmesi
Çağrı Esen1,

Alparslan Esen2,

Arif Yiğit Güler2,

Dilek Menziletoğlu2,

Ahmet Ertan Soğancı3

1Nevşehir Hacı Bektaş Veli University Faculty of Dentistry, Department of Periodontology, Nevşehir, Turkey
2Necmettin Erbakan University Faculty of Dentistry, Department of Oral and Maxillofacial Surgery, Konya, Turkey
3Necmettin Erbakan University Faculty of Dentistry, Department of Orthodontics, Konya, Turkey

Abstract

Keywords
Alveolar bone loss, cone-beam computed
tomography, palatal expansion technique
Anahtar Kelimeler
Alveolar kemik kaybı, konik ışınlı bilgisayarlı
tomografi, palatal ekspansiyon tekniği
Received/Geliş Tarihi : 07.09.2020
Accepted/Kabul Tarihi : 23.12.2020
doi:10.4274/meandros.galenos.2020.97752
Address for Correspondence/Yazışma Adresi:

Çağrı Esen DDS PhD,
Nevşehir Hacı Bektaş Veli University Faculty
of Dentistry, Department of Periodontology,
Nevşehir, Turkey
Phone : +90 532 171 86 83
E-mail : cagriesen@hotmail.com

ORCID ID: orcid.org/0000-0002-4358-1293
© Meandros Medical and Dental Journal, Published by
Galenos Publishing House.
This is article distributed under the terms of the
Creative Commons Attribution NonCommercial 4.0
International Licence (CC BY-NC 4.0).

Meandros Med Dent J 2022;23:141-7

Objective: The aim of this retrospective study was to evaluate the changes in
alveolar bone height (ABH) and buccal bone thickness (BBT) of the maxillary teeth
after surgically assisted rapid maxillary expansion (SARME) using cone-beam
computed tomography (CBCT).
Materials and Methods: A total of 9 patients with preoperative and postoperative
CBCT records were included in this study. All patients underwent SARME and all
of them received a modified acrylic bonded appliance as a maxillary expander.
CBCT images were taken before SARME (T1) and after a consolidation period of
3 to 4 months (T2). ABH was determined by measuring the distance from the
cemento-enamel junction to the alveolar crest on CBCT images. To evaluate BBT,
two different points were identified along the root surface.
Results: Alveolar bone loss (ABL) detected between T1 and T2 ABH measurements
was statistically significant at all sites of each tooth. There was a statistically
significant decrease in BBT at all measured points of each tooth between the T1
and T2 measurements.
Conclusion: SARME with modified acrylic-bonded appliances causes ABL and a
decrease in BBT, which increases the risk of tooth loss and gingival recession.

Öz

Amaç: Bu retrospektif çalışmanın amacı, cerrahi destekli hızlı üst çene genişletmesi
(CDHÜG) sonrasında maksiller dişlerin alveolar kemik yüksekliğindeki ve bukkal
kemik kalınlığındaki (BKK) değişiklikleri konik ışınlı bilgisayarlı tomografi (KIBT)
kullanarak değerlendirmektir.
Gereç ve Yöntemler: Operasyon öncesi ve operasyon sonrası KIBT kayıtları
olan toplam 9 hasta çalışmaya dahil edildi. Bütün hastalara CDHÜG yapıldı ve
tamamına üst çene genişletici olarak modifiye akrilik bonded apareyi uygulandı.
KIBT görüntüleri, CDHÜG öncesi (T1) ve 3-4 aylık bir konsolidasyon süreci sonrası
(T2) alındı. Alveolar kemik yüksekliği, KIBT görüntülerinde mine-sement hududu
ile alveolar kret tepesi arasındaki mesafenin ölçülmesiyle tespit edildi. BKK’yi
değerlendirmek için kök yüzeyi boyunca iki farklı nokta tespit edildi.
Bulgular: T1 ve T2 alveolar kemik yüksekliği ölçümleri arasındaki farkla tespit
edilen alveolar kemik kaybı (AKK) tüm dişlerin tüm yüzeylerinde istatistiksel olarak
anlamlıydı. T1 ve T2 ölçümleri arasında her dişin her yüzeyinde BKK’de istatistiksel
bir azalma vardı.
Sonuç: Modifiye akrilik bonded apareylerle yapılan CDHÜG, diş kaybı ve dişeti
çekilmesi riskini artıran AKK’ye ve BKK’de bir azalmaya neden olur.
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Introduction
Similar to rapid maxillary expansion (RME),
surgically assisted rapid maxillary expansion (SARME)
is a treatment for correcting transverse maxillary
discrepancies and provides dental arch space for
the alignment of the maxillary teeth. The main goal
of RME is opening the skeletal sutures of the maxilla
rather than moving the maxillary teeth out of the
alveolar bone (1). However, sometimes maxillary
teeth could be buccally tipped and dislocated from
the position in the bone envelope as an undesired
effect of this therapy (2). In adults, because of the
sutural maturation, pain with activation of the
expander, periodontal destruction and extrusion of
the teeth, dental tipping, and alveolar bone bending
rather than skeletal movement are some kinds of
possible complications without surgical intervention
(3). Therefore, SARME is performed in patients
with complete skeletal maturity and closed cranial
sutures (4).
There are various effects of orthodontic therapy
on periodontium by plaque retention, direct
traumatization of appliances and excessive and
unfavorable forces (5). Fixed orthodontic appliances
increase the retention of dental plaque which is the
primary etiological factor of gingival inflammation
and periodontal diseases (6). Alveolar bone loss (ABL)
and decreased buccal bone thickness (BBT), which
are some of the complications of maxillary expansion
procedures with tooth-borne appliances (7), not only
cause a reduction in periodontal support but also
may result in mucogingival problems such as gingival
recession.
The aim of this retrospective study was to evaluate
the effects of SARME on ABL and BBT at the maxillary
teeth using a modified acrylic bonded appliance by
means of cone-beam computed tomography (CBCT).

consent form was obtained from all patients to go
under CBCT scanning and to use their data in this
study.
All patients had undergone SARME with a modified
acrylic bonded device which was formed by a splint
type tooth-tissue-borne appliance and a Hyrax screw
in the center as a part of their orthodontic treatment
(Figure 1). The acrylic part of the appliance extended
over the occlusal and middle third of the vestibular
surfaces of all the maxillary teeth (8). The appliance
was cemented with a glass ionomer material that had
been cleaned from the surfaces of the maxillary teeth
after appliance removal at the end of the consolidation
phase. T1 scans were obtained just before SARME,
and T2 scans were taken after a consolidation period
of 3 to 4 months. A CBCT device (3D Accuitomo 170
CBCT device, Morita, Tokyo, Japan) was used at 85.0
kV, 4.0 mA, and the scanning time was 17.5 seconds.
Analysis of the radiographs was performed on a single
monitor at 0.5 mm slice thickness using computer
software (One Volume Viewer v.1.6.0.20, Morita,
Tokyo, Japan).
Alveolar Bone Loss Assessments
All the maxillary teeth were examined except
the third molars. Alveolar bone height (ABH) was
measured as the distance from cemento-enamel
junction (CEJ) to the alveolar crest (AC) using CBCT.
For the purpose of further analyzing ABH, the distance
from CEJ to AC was measured at the midpoint of the
four sites of each tooth (buccal, palatal, mesial, distal).
ABL was determined as the difference between T1
and T2 ABH measurements.
Buccal Bone Thickness Assessments
BBT was evaluated considering a previous study
(9). Root length was determined as the distance from
the horizontal reference line which was made at the
radiographic level of CEJ to the root apex. Two points

Materials and Methods
The CBCT records of 9 subjects (5 males, 4 females)
mean age of 19.67±4 years were obtained from the
archives of Necmettin Erbakan University Faculty of
Dentistry. This study was approved by The Ethical
Committee of Necmettin Erbakan University, Faculty
of Dentistry with number 2020/02 (date: 13.02.2020)
and was conducted in accordance with the Helsinki
Declaration of 1975, as revised in 2000. An informed
Meandros Med Dent J 2022;23:141-7

Figure 1. The modified acrylic bonded maxillary expansion
appliance which has occlusal coverage of all the maxillary teeth
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were chosen to measure the width of the buccal
bone. One of the measurement points (M1) was at
the distance of 4 mm apical to the radiographic level
of CEJ and the other measurement point (M2) was
the midpoint of the root length. If the buccal bone
was present but too thin to measure, then BBT was
determined as 0.1 mm (Figure 2).
Statistical Analysis
In the comparison of the mean values of ABH
and BBT between T1 and T2 CBCT measurements,
the Wilcoxon signed-rank test and, a paired t-test
were used for normally and non-normally distributed

Figure 2. Buccal bone thickness A) The vertical angulation
of the sagittal slice was set according to the long axis of the
measured tooth. B) Measurements taken at M1 and M2 points
CEJ=cemento-enamel junction, M1=4 mm apical to cementoenamel junction, M2=1/2 length of the root, L=length of the
root
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data, respectively. We duplicated ABH measurements
at four sites (buccal, palatal, mesial, distal) within 1
month in the maxillary right canine of all patients on
T1 CBCT images to calculate the standard deviation
and to establish intra-examiner reliability. The
differences between the duplicated measurements
were statistically compared with the paired t-test. All
statistical analyses were conducted using software
(SigmaPlot 12.5, Systat Software, San Jose, USA) and
corrected p values are presented.

Results
ABL between T1 and T2 measurements were
statistically significant at four sites (buccal, palatal,
mesial, distal) of each measured tooth. Comparisons
of the T1 and T2 measurements in terms of ABL of
maxillary anterior and posterior teeth are shown
in Table 1 and Table 2, respectively. There was a
statistically significant decrease in BBT at each
measured point (M1 and M2) of all the maxillary
teeth. Comparisons of the T1 and T2 measurements
in terms of BBT is shown in Table 3.
A negative correlation was detected between BBT
before SARME and ABL at buccal site which wasn’t
statistically significant (p=0.269).

Canine

Lateral incisor

Central incisor

Teeth

Table 1. Distance from CEJ to AC of maxillary anterior teeth before and after SARME
Right segment
Region

T1*

T2*

Left segment
p

T1*

T2*

p

Buccal

1.74±0.55

3.39±2.49

0.004

1.87±0.79

4.42±3.53

0.004

Palatal

1.42±0.65

2.55±0.95

0.015

1.62±1.05

1.93±0.90

0.042

Mesial

1.57±0.34

2.12±0.54

0.003

1.62±0.47

2.45±0.90

0.005

Distal

1.50±0.45

2.07±0.58

<0.001

1.61±0.55

2.50±0.66

<0.001

Buccal

1.95±0.82

3.84±2.29

0.004

2.09±0.62

3.53±2.17

0.004

Palatal

1.47±0.56

2.40±0.99

0.002

1.58±0.74

2.90±2.70

0.004

Mesial

1.64±0.73

2.11±0.88

0.022

1.72±0.48

2.16±0.67

0.004

Distal

1.76±0.67

2.32±1.03

0.024

1.64±0.41

2.34±0.83

0.005

Buccal

2.03±0.53

5.89±4.21

0.004

2.31±1.10

5.13±3.84

0.004

Palatal

1.79±0.93

2.99±1.30

0.005

1.52±0.80

3.04±1.94

0.036

Mesial

1.55±0.46

2.03±0.82

0.020

1.35±0.25

1.96±0.56

0.004

Distal

1.54±0.66

2.07±0.72

0.003

1.27±0.35

1.85±0.46

<0.001

*Values are presented as mean ± standard deviation and as millimeters. P<0.05: Statistically significant difference compared to the baseline. CEJ:
Cemento-enamel junction, AC: Alveolar crest, SARME: Surgically assisted rapid maxillary expansion
Meandros Med Dent J 2022;23:141-7
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Table 2. Distance from CEJ to AC of maxillary posterior teeth before and after SARME

2nd Molar

1st Molar

2nd Premolar

1st Premolar

Teeth

Right segment
Region

Left segment

T1*

T2*

p

T1*

T2*

p

Buccal

1.92±0.70

4.75±3.25

0.004

2.36±0.84

5.30±3.24

0.024

Palatal

2.14±0.71

4.04±2.52

0.004

2.24±1.21

3.62±1.49

0.004

Mesial

1.59±0.43

1.88±0.47

0.002

1.52±0.54

2.14±0.78

<0.001

Distal

1.55±0.57

1.92±0.51

0.003

1.60±0.48

1.93±0.65

0.004

Buccal

1.96±0.79

2.83±0.87

0.002

1.78±0.64

2.56±1.22

0.009

Palatal

1.99±0.69

3.08±1.01

0.002

1.85±0.76

2.86±1.09

0.003

Mesial

1.60±0.51

2.12±0.54

0.010

1.51±0.52

1.91±0.65

0.007

Distal

1.61±0.48

1.84±0.49

0.005

1.70±0.58

2.02±0.67

0.002

Buccal

1.52±0.50

3.25±2.61

0.004

1.59±0.45

2.99±2.64

0.004

Palatal

1.76±0.75

3.33±1.97

0.004

1.99±0.65

3.34±2.04

0.004

Mesial

1.65±0.46

2.09±0.56

0.008

1.69±0.57

1.98±0.57

0.003

Distal

1.78±0.69

2.08±0.75

0.003

1.61±0.74

2.14±1.01

0.004

Buccal

1.12±0.30

1.91±0.56

0.003

1.34±0.41

1.99±0.60

<0.001

Palatal

1.51±0.49

2.84±1.13

0.006

1.82±0.74

2.63±0.98

0.004

Mesial

1.79±0.59

2.16±0.83

0.011

1.45±0.52

1.99±0.65

0.006

Distal

1.98±0.41

2.25±0.40

0.007

1.88±0.52

2.39±0.72

0.010

Values are presented as mean ± standard deviation and as millimeters. P<0.05: Statistically significant difference compared to the baseline. CEJ:
Cemento-enamel junction, AC: Alveolar crest, SARME: Surgically assisted rapid maxillary expansion
*

Table 3. BBT measurements at M1 and M2 points before and after SARME
Region

Central M1

Right segment

Left segment

T1

T2

p

T1

T2*

p

0.85±0.23

0.49±0.38

0.005

0.86±0.12

0.39±0.40

0.006

*

*

*

Central M2

0.86±0.26

0.55±0.23

<0.001

0.87±0.25

0.49±0.38

0.003

Lateral M1

0.89±0.29

0.60±0.42

0.004

0.78±0.29

0.51±0.43

0.014

Lateral M2

0.84±0.41

0.70±0.38

0.007

0.81±0.48

0.66±0.44

0.016

Canine M1

0.69±0.31

0.14±0.21

0.004

0.79±0.45

0.24±0.31

0.012

Canine M2

0.58±0.23

0.22±0.29

<0.001

0.65±0.34

0.25±0.29

<0.001

1st Premolar M1

0.88±0.46

0.51±0.47

0.008

1.04±0.28

0.33±0.57

0.002

1 Premolar M2

0.71±0.46

0.29±0.31

0.014

0.69±0.49

0.19±0.31

0.010

2nd Premolar M1

1.39±0.71

0.68±0.44

0.011

1.59±0.75

0.95±0.67

0.004

2 Premolar M2

1.47±0.76

0.69±0.63

<0.001

1.63±0.63

1.00±0.64

0.004

st

nd

1 Molar M1

1.47±0.57

0.95±0.48

0.006

1.46±0.52

0.94±0.50

0.008

1st Molar M2

1.13±0.55

0.75±0.52

0.005

1.39±0.62

0.57±0.45

0.007

2 Molar M1

2.22±0.71

1.62±0.60

0.004

2.18±0.72

1.56±0.59

0.003

2 Molar M2

2.39±0.84

1.83±0.91

0.004

2.17±1.09

1.48±0.74

0.015

st

nd
nd

Values are presented as mean ± standard deviation and as millimeters. P<0.05: Statistically significant difference compared to the baseline. BBT: Buccal
bone thickness, SARME: Surgically assisted rapid maxillary expansion

*
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There wasn’t a statistically significant difference
between the duplicated measurements to establish
intra-examiner reliability (p=0.275).

Discussion
In this study, a modified acrylic bonded maxillary
expansion appliance that had occlusal coverage of
all the maxillary teeth was used. This tooth-tissueborne appliance has been used to control vertical
dimensional changes, and to reduce dental tipping
and bite opening (10). Much earlier, another type
of occlusal bonded RME device was compared with
the banded appliances, and some advantages were
reported in minimizing the downward and forward
displacement of the maxilla (11). Besides these
benefits for orthodontic treatment, it would not be
wrong to think that patients cannot provide oral
hygiene to all of their maxillary teeth during the whole
treatment and retention period. In a current study
investigating a bonded Haas type palatal expander
with acrylic parts, the fixed orthodontic devices were
thought as a clinical risk for enamel unity, as well as a
risk factor for periodontitis (12). In another research on
the subject, it was reported that except for the effect
on the amount of dental plaque, fixed orthodontic
appliances harbor the periodontal pathogens like
Aggregatibacter actinomycetemcomitans with a
remarkable frequency of detection in the bacterial
plaque (13).
There is no consensus on the type of expansion
device used in RME and SARME such as tooth-borne,
tooth-tissue-borne, bone-borne, tooth-bone-borne
(hybrid). Among these, bone-borne appliances seem
to be more advantageous due to the lack of a direct
relationship to the periodontium. However, the
need for an extra surgical procedure, the presence
of a secondary wound surface, the high cost, and
the necessity of removal by the second surgical
procedure are the reasons shown when not preferred
(14). In a systematic study that evaluated CBCT
studies on RME, some advantages of bone-borne
to tooth-borne devices were declared in terms of
reduced dental tipping (15). In a recent CBCT study,
Moon et al. (16) reported a greater decrease in ABH
and BBT in tooth-bone-borne appliances compared
with tissue-bone-borne expanders at maxillary first
molars. Another recent CBCT study in which toothborne with Hyrax type and tooth-tissue-borne with
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Haas type appliances were investigated, reported a
significant decrease in BBT and buccal ABH in both
types of appliances at anchored maxillary first molars
(17). Furthermore, a current study using bone-borne
appliances showed some complications with a limited
percentage after SARME, such as the formation of
gingival recession and change of probing depths
normal to pathologic (18). Similar mild periodontal
damage was reported by Verlinden et al. (19) using
the bone-borne appliance, but the results of the study
were limited with only central incisors.
The most common cause of ABL is the extension
of inflammation with dental plaque from marginal
gingiva into the supporting periodontal tissues (20).
Similar to the intensive forces exerted by occlusal
trauma, the forces exerted by orthodontic appliances
on anchored teeth can aggravate ABL in the presence
of inflammation. In a current study, in which the effects
of SARME on periodontal tissues by means of clinical
periodontal examinations and CBCT images were
evaluated, the authors reported ABL at buccal sites of
6 teeth from a total of 10 teeth that they examined
with a statistical significance (21). A recent review
evaluating some of these CBCT studies reported a
significant vertical loss of alveolar bone at anchored
teeth following maxillary expansion with tooth-borne
appliances, similar to the results of our study (7).
The orthodontic forces applied to anchored teeth
in the buccal direction during the maxillary expansion
procedure, move these teeth buccally in the bone
envelope. While a decrease in BBT at anchored teeth
after maxillary expansion procedures is an expected
result, whether the remaining bone thickness will
be sufficient to maintain periodontal health is an
important consideration. In a very recent study,
D’Silva et al. (9) reported a significant correlation
between gingival recession and thin buccal bone (<1
mm). In addition, an experimental study evaluating
the periodontal effects of orthodontic treatments
showed that the risk of the gingival recession may be
greater if orthodontic forces proceed to create bone
dehiscence (22). In this context, Gauthier et al. (21)
noticed a significant decrease in BBT at all examined
teeth except right and left canines which weren’t
bonded after SARME using CBCT. With a similar result,
Kayalar et al. (23) noticed that BBT of anchored first
molars in both tooth-borne and hybrid groups were
decreased when compared to pre-and post-treatment
Meandros Med Dent J 2022;23:141-7
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values with a statistical significance. In this study,
different from other previous studies, we measured
BBT from two points instead of one along the root
surface and we found significant decreases in BBT at
all anchored maxillary teeth.

4.

5.

Conclusion
When all the current studies are evaluated
together with the results of this study, the negative
effects of SARME on the periodontium at different
severities were observed. The appliance types could
increase or decrease this negative effect but seems
to be hard to eliminate. Appliances that are more
hygienic and apply less force to remove the tooth from
the bone envelope can increase success in preventing
periodontal diseases.
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