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Abstract
Background. Skeletal maxillary constriction (SMC) is one of the common skeletal discrepancies which are
associated with alterations in the respiratory function. Today, many surgical techniques are used to expand
the maxilla in adult patients with no consensus about the optimal technique.
Objectives. The present study aimed to investigate the changes of the upper airway volume resulting
from the use of a new, minimally invasive surgically-assisted maxillary expansion (SAME) technique, and
compare the results with the conventional SAME technique.
Material and methods. A prospective study was conducted between September 2015 and July 2018.
A total of 28 adult patients (11 males, 17 females; mean age: 19.1 ±2.7 years) with SMC underwent SAME.
The sample was divided according to the applied surgical technique into 2 groups: the conventional osteotomy SAME (CO‑SAME) group consisted of 13 patients (18.7 ±2.2 years) and the selective osteotomy SAME
(SO-SAME) group consisted of 15 patients (19.4 ±3.2 years). Cone beam computed tomography (CBCT) scans
were initially obtained preoperatively (T1) and 3 months post expansion (T2). The upper airway was divided
into 2 segments: retropalatal and retroglossal. The volume of each segment and the total airway volume (TAV)
were assessed using the OnDemand3D® software.
Results. The total upper airway volume showed a significant increase after both CO‑SAME and SO-SAME
(1.29 ±0.26 cc and 1.21 ±0.19 cc, respectively), with significant increases in retropalatal and retroglossal airway volumes (RPAV and RGAV) after both CO‑SAME and SO-SAME (RPAV – 0.73 ±0.10 cc and
0.83 ±0.10 cc, and RGAV – 0.56 ±0.23 cc and 0.38 ±0.23 cc, respectively). No significant differences were
observed in the maxillary width (MW), TAV or RGAV between the 2 SAME techniques, whereas the increase
in RPAV in the SO-SAME group was significantly greater than that of the CO‑SAME group.
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Conclusions. The new, minimally invasive SAME technique was an effective procedure to increase MW
and the upper airway volume.
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Introduction

Material and methods

Skeletal maxillary constriction (SMC) is a frequent
component of malocclusions in non-syndromic patients.1
Clinical features of SMC include a narrow palate, unilateral or bilateral posterior cross bite, dental crowding, and
difficulty in nasal breathing.2–4
Several approaches are available to treat SMC, including rapid maxillary expansion (RME) and slow maxillary expansion (SME), which are successful in correcting
this discrepancy in children aged up to 13–15 years, but
they are inefficient after the ossification of the mid-palatal suture occurs. Surgically-assisted maxillary expansion (SAME) is indicated in patients who have already
achieved maturity of the mid-palatal suture.1–3
Since the early 20th century, the SAME techniques
have been developed with different osteotomies. Osteotomies of the zygomatic buttresses, the separation
of the pterygomaxillary junction, the separation of the
mid-palatal suture, or a combination of these procedures represent the most common techniques, as they
involve the most common areas that resist maxillary
expansion.3
Despite the effectiveness of SAME as a treatment for
SMC, the literature provides no consensus about the minimum of osteotomies required for effective expansion.3
Nevertheless, most authors agree that there is a need for
a zygomatic buttress osteotomy.3,5 However, the tendency
is toward minimally invasive surgery.6
The relationship between SMC and respiratory problems, such as obstructive sleep apnea, has received increasing attention in the recent literature.4,7,8 The volume
of air passing through the nose and the nasopharynx is
limited by the shape and diameter of the latter.9 Some
authors observed SMC in patients who presented with
constricted nasopharyngeal dimensions and altered the
respiratory function.9
Maxillary expansion procedures widen the nasal floor
and reduce the resistance to airflow, with a positive influence on the respiratory function.7 Angell first proposed
RME as a treatment for respiratory disturbances in the
19th century.acc.10
Today, various studies show nasal respiratory improvement after SAME and RME, and these have used a lot
of methodologies to evaluate nasal airflow, such as acoustic rhinometry,11 rhinomanometry,11,12 and tomography
evaluation.13–15
There are few studies in the literature that show the
effect of SAME on the upper airway and compare the
influence of different SAME techniques on the upper airway dimensions.7,16,17 Therefore, the aim of this
study was to show the effects of a new, minimally invasive SAME technique on the upper airway dimensions,
and compare the results with the conventional SAME
technique using cone beam computed tomography
(CBCT).

Study design
A prospective study was conducted between September
2015 and July 2018 at the Department of Oral and Maxil
lofacial Surgery and the Department of Orthodontics and
Dentofacial Orthopedics, Faculty of Dental Medicine
of Damascus University, Syria.
The study protocol was approved by the Ethics Committee of Damascus University at the Ministry of Higher
Education of Syria (protocol No. 51). Written informed
consent was obtained from each participant and/or their
legal representative, as appropriate.

Sample size estimation
The sample size was calculated using the Minitab®
v. 16.2.1 software (Minitab, Inc., State College, USA) in
accordance to a study by Günbay et al.,18 who observed
an increase in the maxillary width (MW) (5.25 ±1.46 mm)
after SAME, which is the most important variable that
confirms maxillary expansion. The following assumptions were used: the statistical test was the sample t-test
with a statistical power of 90% and a significance level
of 0.05. The sample size of at least 26 patients was necessary (13 patients for each group). Taking into consideration sample attrition, additional 2 patients were added
to each group, which made the total sample size of 30 patients (15 patients for each group).
Ultimately, we eliminated 2 patients because of the inability to follow up throughout the observation period.
Eventually, data from 28 patients were used for the statistical analysis.

Patient selection
Patients were selected from the Department of Orthodontics and Dentofacial Orthopedics at Damascus
University. The study sample included 28 adult patients:
17 women (60.7%) and 11 men (39.3%) aged 17–28 years
(19.1 ±2.7 years). The inclusion criteria were as follows:
adult normal healthy patient – according to the American
Society of Anesthesiologists (ASA) classification,19 SMC
> 5 mm – according to the Ricketts analysis,5 and age
>16 years.5 The exclusion criteria were as follows: systemic disease, syndromes, maxillofacial deformities, previous
maxillofacial trauma, previous orthodontic treatment,
and/or previous maxillofacial surgery.
According to the surgical protocol that was undertaken, the patients were divided into 2 groups: the conventional osteotomy SAME technique (CO‑SAME) group,
which included 13 patients (9 females, 4 males; mean
age: 18.7 ±2.2 years), and the selective osteotomy SAME
technique (SO-SAME) group, which included 15 patients
(8 females, 7 males; mean age: 19.4 ±3.2 years) .
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Surgical interventions
All surgical procedures were done under local anesthesia, 2% lidocaine with 1/80,000 epinephrine (Kwang
Myung Pharm Co., Ltd., Seoul, South Korea), and all osteotomies were accomplished with a piezo-surgical device
(Implant Center; SATELEC, ACTEON Equipment, Mérignac, France) at the voltage of 100-115-230V 50/60 Hz
and ultrasonic frequency of 28–36 kHz.
In the CO‑SAME group, the osteotomy technique protocol
followed the methods reported by Bierenbroodspot et al.20
Briefly, a bilateral LeFort-1 osteotomy extended from the
piriform rims anteriorly, through the zygomatic buttress,
to the tuberosity area posteriorly, 5 mm above the apices
of the maxillary teeth with 2 para midline palatal osteotomies (Fig. 1,2).
In the SO-SAME group, the osteotomy technique protocol followed the methods reported by de Freitas et al.,21
involving bilateral zygomatic buttress osteotomies
(Fig. 3). The first author of the present study added bilateral nasal buttress osteotomies (Fig. 3) and modified
a palatal osteotomy by adding a V-shaped midline osteotomy (Fig. 4) to ensure a complete mid-palatal suture
separation and a full disjunction between the maxilla
and the nasal septum.
The hyrax® tooth-borne expanders (DENTAURUM
GmbH & Co., Ispringen, Germany) were used for all the
patients. After a latency period of 3 days, the patients
started activating the expander twice a day as follows:
2 turns in the morning and 2 turns in the evening, corresponding to an expansion rate of 0.88 mm per day, until adequate expansion was achieved. At the end of the
active expansion phase, the hyrax screw was stabilized for
3 months with a stainless-steel ligature wire and a flowable composite.

Fig. 1. LeFort-1 osteotomy 5 mm above the apices of the maxillary teeth

Fig. 2. Two para midline palatal osteotomies

Fig. 3. Zygomatic and nasal buttress osteotomies

Fig. 4. V-shaped midline osteotomy

Outcome measures
Cone beam computed tomography scans were done for
all the patients before the operation (T1) and 3 months
after expansion (T2), and all CBCT scans were performed
using the same device (SCANORA®; SOREDEX, Tuusula, Finland) with 85 kV, 15 mA and the exposure time
of 2.25 s. The field of view (FOV) was 13.5 × 17 cm and
the voxel size was 0.3 mm. All the Digital Imaging and
Communications in Medicine (DICOM) data was processed with the OnDemand3D® software, the 1.0.8.0408
edition (Cybermed, Inc., Tustin, USA).
Each patient was seated in a chair with their Frankfort
horizontal plane parallel to the floor and asked to hold their
breath after the end of expiration, without swallowing. This
patient position ensures a static pharyngeal airway size,
which can be recorded consistently in all CBCT scans.
For more accuracy, measurements were performed after all CBCT images were oriented to the midsagittal view
(the horizontal axis passing through the anterior and posterior nasal spine – ANS and PNS) (Fig. 5) and to the axial
view (the vertical axis passing through ANS and PNS)
(Fig. 6).
The maxillary width was calculated and compared preand post-expansion. To calculate MW, all CBCT images
were standardized at the level of the first molar furcation
on the axial dimension (Fig. 7). The deepest points in the
concavity of the posterior maxilla were identified on the
right and left sides. The maxillary width was measured
along the line connecting these 2 points (Fig. 8).
The upper airway volume was defined as the airway volume between the 2 planes: the superior plane, defined on
the midsagittal slice as the horizontal line extending from
PNS to the basion (called the P-plane), and the inferior
plane, defined as the horizontal line passing through the
most superior point of the epiglottis and parallel to the
P-plane (called the EP-plane).
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we subtracted RPAV from TAV to obtain retroglossal airway volume (RGAV) (Fig. 10,11).

Fig. 5. Horizontal axis passing through the anterior (ANS) and posterior
nasal spine (PNS)

Fig. 8. Linear measurement of the maxillary width (MW)

Fig. 6. Vertical axis passing through ANS and PNS

Fig. 9. Total upper airway, retropalatal and retroglossal borders

Fig. 7. Horizontal axis passing through the first molar furcation on both sides

Fig. 10. Total upper airway volume (TAV)

The upper airway was divided into 2 segments to further
evaluate the effects of SAME. The superior segment or
retropalatal airway was limited superiorly by the P-plane
and inferiorly by a horizontal plane passing through the
most posteroinferior point of the soft palate and parallel
to the P-plane (called the SP-plane). The inferior segment
or retroglossal airway was extended from the SP-plane to
the EP-plane (Fig. 9).
As a first step, we calculated total airway volume (TAV)
using the OnDemand3D software. Then in the next step,
we calculated retropalatal airway volume (RPAV), then

Fig. 11. Retropalatal airway volume (RPAV)
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Reliability of measurements
Ten CBCT images were randomly chosen from the sample. The landmarks were identified, and MW, TAV and
RPAV were calculated. All 10 CBCT images were traced
again 4 weeks later. The error of the measurements was
calculated by means of the intraclass correlation coefficient (ICC) for single measurements; this is an expression
of intra-observer reliability. An ICC value >0.75 indicates
excellent reliability. The ICC values were between 0.992
and 1 (Table 1).

Statistical analyses
The SPSS v. 13.0 software for Windows (IBM Corp.,
Armonk, USA) was used for statistical analyses. According to the Kolmogorov–Smirnov test, the data was normally distributed. Descriptive statistical methods (mean,
standard deviation – SD) and pre-/post-expansion data
were compared using the sample t-test. The results were

evaluated at the significance level of p < 0.05 and a 95%
confidence interval (CI).

Results
Statistically significant differences between the 2 periods (T1 and T2) were observed for each of the values
– TAV, RPAV and RGAV in the CO‑SAME group
(1.29 ±0.26 cc, 0.73 ±0.10 cc and 0.56 ±0.23 cc, respectively), and also in the SO-SAME group (1.21 ±0.19 cc,
0.83 ±0.10 cc and 0.38 ±0.23 cc, respectively) (Table 2).
The retropalatal airway volume was significantly
greater than RGAV after both CO‑SAME and SO-SAME
(Table 3). There were no significant differences in MW
(p = 0.790), TAV (p = 0.315) and RGAV (p = 0.052) between the 2 techniques, whereas RPAV in the SO-SAME
group was significantly greater than that of the CO‑SAME
group (p = 0.015) (Table 4).

Table 1. The intraclass correlation coefficient (ICC) values between the values in 2 readings
Second variable

First variable (values in the 1st reading)

Studied variable

Reproducibility

ICC value

MW [mm]

0.998

Excellent

RPAV [cc]

0.992

Excellent

RGAV [cc]

1.000

Excellent

TAV [cc]

0.997

Excellent

Values in the 2nd reading

ICC – intraclass correlation coefficient; MW – maxillary width; RPAV – retropalatal airway volume; RGAV – retroglossal airway volume; TAV – total airway volume.
Table 2. Paired sample Student’s t-test results between the 2 studied periods (before expansion, after 3 months) according to the studied technique
Studied
variable

MW
[mm]

RPAV
[cc]

RGAV
[cc]

TAV
[cc]

Studied
technique
SO-SAME
CO-SAME
SO-SAME
CO-SAME
SO-SAME
CO-SAME
SO-SAME
CO-SAME

Studied period

N

Mean

SD

Min

Max

before expansion

15

52.89

2.67

49.70

57.70

after 3 months

15

56.98

2.69

53.40

61.30

before expansion

13

52.15

2.01

49.10

55.60

after 3 months

13

56.19

1.94

53.00

59.80

before expansion

15

9.07

0.78

7.85

10.23

after 3 months

15

9.90

0.79

8.83

11.22

before expansion

13

9.57

1.14

7.98

11.46

after 3 months

13

10.30

1.14

8.51

12.13

before expansion

15

6.14

0.95

4.68

7.46

after 3 months

15

6.52

0.96

4.90

7.89

before expansion

13

5.87

1.19

4.13

8.88

after 3 months

13

6.43

1.14

4.93

9.21

before expansion

15

15.22

1.49

12.84

17.52

after 3 months

15

16.42

1.50

13.74

18.62

before expansion

13

15.44

1.97

12.88

20.11

after 3 months

13

16.74

1.99

13.73

21.16

Mean
difference

t-value

p-value

4.09

36.329

0.000*

4.05

42.227

0.000*

0.83

32.903

0.000*

0.73

26.426

0.000*

0.38

6.445

0.000*

0.56

8.611

0.000*

1.21

24.016

0.000*

1.29

18.197

0.000*

N – number of patients; SD – standard deviation; SO-SAME – selective osteotomy surgically-assisted maxillary expansion;
CO-SAME – conventional osteotomy surgically-assisted maxillary expansion; * statistically significant.
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Table 3. Paired sample Student’s t-test between the RPAV and RGAV variation according to the studied technique
Studied
technique

Studied variable
[cc]

N

Mean

SD

Min

Max

RPAV variation

15

0.83

0.10

0.65

1.03

RGAV variation

15

0.38

0.23

–0.08

0.72

RPAV variation

13

0.73

0.10

0.53

0.91

RGAV variation

13

0.56

0.23

0.12

0.84

SO-SAME
CO-SAME

Mean
difference

t-value

p-value

0.45

6.087

0.000*

0.17

2.493

0.028*

* statistically significant.
Table 4. Independent Student’s t-test results between the SO-SAME technique group and the CO-SAME technique group according to the studied variable
Studied variable

Studied technique

N

Mean

SD

Min

Max

MW variation
[mm]

SO-SAME

15

4.09

0.44

3.60

5.20

CO-SAME

13

4.05

0.35

3.30

4.70

SO-SAME

15

0.83

0.10

0.65

1.03

CO-SAME

13

0.73

0.10

0.53

0.91

SO-SAME

15

0.38

0.23

−0.08

0.72

CO-SAME

13

0.56

0.23

0.12

0.84

SO-SAME

15

1.21

0.19

0.90

1.54

CO-SAME

13

1.29

0.26

0.85

1.76

RPAV variation
[cc]
RGAV variation
[cc]
TAV variation
[cc]

Mean difference

t-value

p-value

0.04

0.270

0.790

0.10

2.606

0.015*

−0.18

−2.034

0.052

−0.09

−1.025

0.315

* statistically significant.

Discussion
Skeletal maxillary constriction is a pathological condition that may be associated with other types of dentoskeletal alterations and can cause functional implications,
including respiratory problems.7 The anatomic proximity
of the pharynx to the oral cavity suggests that any change
in the intraoral volume changes the oropharyngeal dimensions.8 The SAME technique, which offers the maxillary bony segment expansion, might also be effective in
increasing the nasopharyngeal dimensions.10
Cone beam computed tomography is considered to be
a reliable and accurate method for measuring the pharyngeal volume22 and OnDemand3D is considered to be reliable software to measure the airway volume.23
There is inconsistent data in the literature about the
maxillary expansion (RME and SAME) effects on the
upper airway. Pangrazio-Kulbersh et al. evaluated the
effect of RME on the airway volume and concluded
that the airway volume did not significantly change
after expansion.14 El and Palomo reported that RME
significantly increased the nasal passage airway volume
without any significant change in the oropharyngeal
airway volume.15 Zhao et al. declared that there was no
evidence supporting the hypothesis that RME could increase the oropharyngeal airway volume.24 Fastuca et al.
stated that RME significantly increased TAV.25 Iwasaki et al. observed that RME not only reduced the nasal obstruction, but also raised the tongue and enlarged
the pharyngeal airway volume.26 Buck et al. presented
a systematic review on the effects of surgically-assisted
rapid maxillary expansion (SARME) on the upper air-

way volume and concluded that the effects of SARME
on the respiratory function still needed to be evaluated,27 and that was the aim of the present study.
In the present study, MW increased significantly after
the application of either of the 2 SAME surgical techniques,
in the SO-SAME and CO‑SAME groups (4.09 ±0.44 mm
and 4.05 ±0.35 mm, respectively), and there was no significant difference between the 2 techniques (p = 0.79).
This is in accordance with Sygouros et al. and indicates
the skeletal effects of the 2 SAME techniques on 2 maxillary bony segments.28
In the present study, RPAV, RGAV and TAV significantly increased after 3 months in the SO-SAME group
(0.83 ±0.10 cc, 0.38 ±0.23 cc and 1.21 ±0.19 cc, respectively)
and in the CO‑SAME group (0.73 ±0.10 cc, 0.56 ±0.23 cc
and 1.29 ±0.26 cc, respectively). These changes might be
explained by the effect of SAME on the posterior part
of the maxilla and subsequently on the palatal muscles, as
well as by the anterior displacement of the maxilla and the
change in the tongue position.
These results do not correlate with those of Pereira-Filho et al., who evaluated the effect of SARME on the upper
airway volume and stated that there were no significant
differences in TAV measured preoperatively and 6 months
after expansion.7 This disagreement might result from the
different surgical techniques applied by Pereira-Filho et al.,
which did not comprise a palatal osteotomy.7
The results of this study correlate with those of Rômulo de Medeiros et al., who applied 2 surgical techniques
of SARME, with and without a pterygomaxillary disjunction.17 They assessed the volumetric changes of the nasopharynx and the oropharynx preoperatively, after the
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activation period and at 6 months after expansion. They
declared that there was a significant increase in the nasopharynx and oropharynx volume immediately after the
hyrax screw stabilization. Furthermore, these results are
in accordance with the observations made by Vinha et al.,
who stated that SARME promoted the pharyngeal enlargement, especially in the lower levels of the pharynx.29
On the other hand, contrary results are presented by
Kurt et al., who compared the effect of SARME on the
nasopharyngeal airway using lateral and posteroanterior
cephalograms.10 They concluded that no significant difference was found in the nasopharyngeal airway after SARME.
This disagreement might be due to the different surgical
techniques and different method of X-ray assessment.
The present study showed that the change in RPAV was
greater than that in RGAV in both groups. It may result
from a direct effect of both the SAME techniques on the
bony segments of the maxilla, especially on the posterior
part of the maxilla, where the soft palate muscles attach.
The change in the position of these muscles may affect the
retropalatal airway. In addition, the SAME technique improves nasal breathing, and this may reduce the thickness
of the retropalatal airway respiratory mucosa.
Similar results were presented by Sadeghian et al., who
concluded that the average increases in RPAV and TAV
were statistically significant, while the change in RGAV
was not significant.30 The change in RGAV may have
resulted from the effect of the SAME technique on the
tongue position, and that agrees with Akay et al., who concluded that the transpalatal distraction caused changes
in the tongue height, the nasopharyngeal airway dimensions and the minimal oropharyngeal distance behind the
tongue base.31
The results of the present study show that the changes
in RPAV associated with the SO-SAME technique were
greater than those related to the CO‑SAME technique
(p = 0.015), and that may be explained by the difference
in the pattern of palatal osteotomy between the 2 techniques. This confirms the results obtained by Rômulo de
Medeiros et al.17, who found that the difference in the surgical techniques of SARME resulted in different effects on
the upper airway volume.

Conclusions
Both the CO‑SAME and the SO-SAME techniques increased RPAV, RGAV and TAV. The SO-SAME technique
increased RPAV to a greater extent than the CO‑SAME
technique. Both the SAME techniques increased RPAV to
a greater extent than RGAV.
The new SAME technique with a minimally invasive
surgery is an effective way to increase MW and the upper
airway volume. However, additional studies with longer
follow-up periods may be needed to thoroughly evaluate
the effectiveness of the abovementioned technique.
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