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Tomographic assessment of palatal suture
opening pattern and pterygopalatine
suture disarticulation in the axial plane
after midfacial skeletal expansion
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Abstract

Objective: The purpose of this study was to assess the palatal suture opening and the pterygopalatine suture
disarticulation pattern in the tomographic axial plane after treatment with midfacial skeletal expander (MSE).

Materials and methods: Pre- and post-expansion CBCT records of 50 subjects (20 males, 30 females, mean
age 18 ± 3 years) who were treated with MSE (Biomaterials Korea, Seoul, Korea) appliance were superimposed
and compared using OnDemand software. Reference planes were identified and the angulation of the
midpalatal suture opening after expansion was calculated as well as the frequency of the pterygopalatine
suture split.

Results: After MSE treatment, the mean palatal suture opening angle (SOA) was 0.57°. (− 0.8° to 1.3°). There
was no significant difference between males and females in terms of the palatal suture opening pattern (P
> 0.05). Only 3 out of 50 (6%) subjects presented SOA above 1 degree. Also, 3 out of 50 (6%) patients
presented a negative SOA value. With regard to the pterygopalatine suture split, 84 sutures out of 100
(84%) presented openings between the medial and lateral pterygoid plates on both right and left sides.
Partial split was detected with 8 patients (5 females, 3 males). Five patients had split only in the medial
pterygoid plates of both pterygomaxillary sutures, and 3 patients exhibited disarticulation on the right side
only. No significant differences were found in the frequency of suture opening between males and females
(P = 1.000).

Conclusions: MSE appliance performed almost parallel expansion in the axial view. Remarkably, this study
shows that pterygopalatine suture can be split by MSE appliance without the surgical intervention; the
disarticulation of pterygopalatine suture was visible in most of the patients.

Keywords: Maxillary expansion, Midpalatal suture, Midfacial skeletal expander (MSE), Cone beam computed
tomography (CBCT)
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Introduction
Maxillary transverse deficiency is a common problem
in daily orthodontic practice [1, 2]. There are many
treatment modalities to correct the maxillary-
mandibular transverse discrepancy. Treatment options
consist of orthodontic, non-surgical orthopedic and
surgical correction. Orthodontists traditionally use
rapid palatal expansion (RPE) to manage transverse
maxillary deficiency in young patients, but interlock-
ing of the palatal suture after puberty [3] can cause
unwanted side effects with RPE treatment, such as
dental tipping and alveolar bone bending, causing
limited skeletal movement and poor long-term stabil-
ity [4, 5]. For mature patients, the surgically assisted
rapid palatal expansion (SARPE) is often applied;
however, surgical morbidity should be considered.
Furthermore, high cost and complex treatment
process [6] are involved with SARPE. In recent years,
orthodontists developed the micro-implant-assisted
rapid palatal expansion (MARPE) in order to avoid
the unwanted side effects and complexity, as dis-
cussed above.
With the proliferation of various MARPE designs, the

midfacial skeletal expander (MSE), as particular type of
MARPE, became a popular treatment option for trans-
verse maxillary deficient patients, especially for mature
patients. Among many special features, the MSE differ-
entiates itself from other types of MARPE by its bi-
cortical engagement of the four micro-implants (MI)
into the palate and nasal cortical bones [5, 7], immedi-
ately lateral to midpalatal suture [8], in the posterior as-
pect of the maxilla between the zygomatic buttress
bones. Because of this posterior force vector, the pat-
tern of expansion for MSE is notably different from
those with other expanders. RPE and MARPE generally
cause a V-shaped expansion with greater opening in
the anterior region [9, 10]. In contrast, more posterior
expansion was observed with MSE [11, 12].

With the advancement of CBCT and the advent of
novel computer software, reconstruction of skull and
generation of multiplanar views allow accurate assess-
ments of the craniofacial complex and its changes. To
date, palatal suture opening pattern after tooth-borne
and tooth-bone-borne RPE have been investigated
using CBCT in growing patients [11, 13, 14]; never-
theless, there is little information about the pterygo-
palatine suture disarticulation pattern [11].
The main goal of this paper was to evaluate the pat-

tern of midpalatal suture opening and the impact on the
pterygopalatine suture, after MSE treatment.

Material and methods
Institutional review board approval (IRB number 17-
000567) was granted by the University of California,
Los Angeles (UCLA), to perform this retrospective
study. The study included pre- and post-expansion
CBCT records of 50 subjects (20 males, 30 females),
who were treated with MSE (Biomaterials Korea,
Seoul, Korea) appliance (Fig. 1).
The mean age of the subjects was 18 ± 3 years

(range of 10–27 years). The selection criteria used in
this retrospective study include patients diagnosed
with maxillary transverse deficiency and treated at the
Section of Orthodontics, UCLA School of Dentistry,
under the supervision of one clinician. The transverse
maxillary deficit was diagnosed by evaluating the dif-
ference between the mandibular and maxillary bone
widths. The distance between the right and left gin-
giva tissue projected at the level of first molar’s furca-
tion was measured to assess the mandibular bone
width. The previously published WALA ridge [15]
was not used due to its difficulty to locate when the
buccal surface has an excessive lingual inclination
with continuous slope and a prominent buccal ridge
does not exist. Maxillary bone width is calculated by
measuring the distance between the right and left

Fig. 1 Midfacial skeletal expander (MSE). a Intraoral occlusal view. b X-ray showing bicortical engagement of MSE
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most concave points on the maxillary vestibule, at the
level of the mesiobuccal cusps of the first molars (Fig.
2). Exclusion criteria included patients with craniofa-
cial syndromes and patients with any systemic dis-
eases that could alter the results of treatment.
The MSE device is composed of a jackscrew unit with

four parallel holes for micro-implant insertion, with two
soft supporting arms on each side which are soldered to
the molar bands for stabilizing MSE during the

expansion. The jackscrew is seated on the hard palate
between the zygomatic buttress bones. The rate of ex-
pansion was 0.5–0.8 mm per day until a significant dia-
stema (1–2 mm) was detected. Then the activation rate
changed to 0.25 mm per day until the maxillary width
was equal or greater than the mandibular width. The
MSE appliance remained in place with no further activa-
tion for 6 months to allow new bone and suture forma-
tion. The first CBCT records were taken before

Fig. 2 Method used to diagnose transverse maxillary skeletal deficiency. Red line: maxillary width. Blue line: mandibular width

Fig. 3 a Superimposition of pre- and post-expansion CBCT images. b Superimposed image of an MSE patient in the coronal zygomatic section

Colak et al. Progress in Orthodontics           (2020) 21:21 Page 3 of 9



expansion (T0) and the second CBCT were obtained
within 3 weeks after completing the expansion (T1) on
all patients. All CBCT scans were taken by a NewTom
5G in an 18 × 16 field of view with a 14-bit gray scale.
The scan time was 18 s (3.6 s emission time), 110 kV,
using an automatic exposure control that modified the
milliampere based on the patient’s anatomic density.
Data from the CBCT was reconstructed to produce 0.3
mm slices. OnDemand3D (Cybermed, Daejeon, Korea)
software was utilized to superimpose CBCT images ac-
quired at T0 and T1, using the anatomical structures of

the anterior cranial base [16]. Superimposition method
is based on automated processing in matching the voxel
gray-scale patterns to prevent human error (Fig. 3). The
accuracy of this superimposition method has been suc-
cessfully investigated in the literature [17]. After super-
imposing CBCT data of T0 and T1 on Ondemand3D
software, reference planes were identified to assess the
midpalatal suture opening pattern in the axial palatal
section (APS) (Fig. 4).
First, the maxillary sagittal plane (MSP) was deter-

mined, passing through anterior nasal spine (ANS),

Fig. 4 3D demonstration of reference planes. Maxillary sagittal plane (MSP) passing through anterior nasal spine (ANS), posterior nasal spine
(PNS), and nasion (N) on the preexpansion CBCT

Fig. 5 a Axial cut shows the maxillary sagittal plane. b Axial palatal plane passing through anterior nasal spine (ANS) and posterior nasal spine
(PNS). Blue lines represent reference lines
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posterior nasal spine (PNS), and nasion (N) on the
T0 CBCT images. After this, the axial palatal section
(APS) was identified in the axial view (Fig. 5). In the
APS, right ANS and right PNS were connected
through a straight line (right palatal line), and left
ANS and left PNS were also connected through a
straight line (left palatal line) (Fig. 6). The angle that
is formed by the convergence of right and left pal-
atal lines was measured and called suture opening
angle (SOA). If the two conforming lines merged in
the posterior region (caused by greater anterior ex-
pansion), a positive sign was assigned to the value.
In contrast, when the right and left palatal line
merged anteriorly (caused by greater posterior ex-
pansion), a negative sign was assigned.
Additionally, the pterygopalatine suture opening fre-

quency after expansion was evaluated on the axial cuts
of T1.

Statistical assessment
All statistical analyses were performed using the SPSS
version 15.0 software (SPSS Inc., Chicago, IL, USA). A
single examiner performed all measurements. To assess
method reliability, the same examiner remeasured 25%

of randomly selected patient’s degree of palatal opening
within a 2-week interval. The examiner conducted meas-
urement without the knowledge of the patients’ names
and treatment modality to eliminate any bias. Intraclass
correlation coefficient (ICC) test was performed to as-
sess reliability. The T1 value was compared with zero
(T0 value), and the P value was computed using the Wil-
coxon signed-rank test for paired data according to the
normality of data distribution. To calculate the reliability
of cranium orientation, 25% of the CBCT scans were
reoriented based on the landmarks of basion and poster-
ior clinoid process of sella turcica [18] and intraclass
correlation coefficient was calculated. The frequency of
pterygopalatine suture openings of T0 and T1 was com-
pared between males and females using Fisher’s exact
test. The suture opening angle mean between males and
females was compared using the Mann-Whitney U test.

Results
After MSE treatment, the mean suture opening angle
(SOA) was 0.57°, ranging from − 0.80° to 1.30° (Table
1). Additionally, three out of fifty (6%) subjects had
SOA above 1°. Also, three out of fifty (6%) patients
presented a negative SOA value. No significant differ-
ences were found between males and females in
terms of the SOA mean, as shown in Table 2.With
regard to the pterygopalatine suture split, eighty-four

Fig.6 a Two parallel lines, in the same plane, form 0°; two non-parallel lines converging at an angle. b AB and CD lines are intersecting in a
distant point with 0.4°. AB represents right palatal line, and CD represents left palatal line

Table 1 Analysis of palatal suture opening pattern. T0, pre-
expansion; T1, post-expansion

T0 T1 Change after
treatment

P value

Number Mean SD Mean SD Mean SD

Males 20 0.00 0.00 0.52° 0.33 0.52° 0.33 < 0.01*

Females 30 0.00 0.00 0.60° 0.32 0.60° 0.32 < 0.0001*

Total 50 0.00 0.00 0.57° 0.32 0.57° 0.32 < 0.0001*

*P < 0.01

Table 2 Analysis of palatal suture opening pattern between
males and females

Males Females P value

Mean SD Mean SD

Males 0.52° 0.33 0.60° 0.32 0.558
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sutures out of hundred (84.0%) demonstrated open-
ings between the medial and lateral pterygoid plates
on both right and left pterygopalatine sutures (P <
0.01) (Table 3, Fig. 7c). Partial split was detected in
eight patients (5 females, 3 males). Five patients had
split only in the medial pterygoid plates of both pter-
ygopalatine sutures (Fig. 8b), and three patients exhib-
ited disarticulation on the right side only (Table 4,
Fig. 9b). No significant differences were found in the
frequency of suture opening between males and fe-
males (P = 1.000).
For the considered parameters, the ICC value was 0.95.

Discussion
Throughout the past decades, the palatal suture open-
ing pattern after RPE has been highly investigated. Al-
though there are many reports on the effects of RPE
[4, 13, 19], very few studies exist in the literature
about the midpalatal suture opening pattern after
treatment with MARPE appliances [11].
2D PA cephalometric analysis as well as intraoral

occlusal radiographs are considered valid to evaluate
the midpalatal disarticulation pattern. However, super-
imposition of the anatomical structures causes a lim-
ited view of the area and error in measurements. On
the other hand, 3D images and novel computational
software facilitate much more robust and accurate

analysis of the anatomical structure changes, utilizing
automated superimposition and precise reference
planes. The accuracy of CBCT has been well docu-
mented [20]. In the present study, we assessed skel-
etal changes after MSE treatment using CBCT. The
midfacial skeletal expander (MSE) is a particular type
of microimplant-assisted maxillary expander (MARPE)
which has been described in the literature since 2014
[7, 11, 12, 21–23].
Melsen and Melsen described the role of pterygopala-

tine suture in preventing posterior expansion, stating that
this suture limits the amount of expansion and dictates
the pattern of expansion with RPE [24]. Even with
MARPE, V-shaped expansion was reported in the previ-
ous studies [10]. On the other hand, the MSE expansion
created more parallel expansion. Regarding the midpalatal
suture, it was observed that the suture opening angle
(SOA) was very close to 0° (0.57°), which indicates almost
parallel splitting of the suture, despite the fact that suture
interdigitation becomes more complex after the adoles-
cent stage of development [3]. With MSE, most of the pa-
tients had palatal suture opening angle less than 1°. Only
three out of fifty (6%) patients presented with SOA greater
than 1° (with the maximum of 1.37°), indicating that great
majority of the time MSE expanded the posterior maxilla
as much as the anterior region. Three out of fifty (6%) pa-
tients had a negative SOA (0.80°) which indicates that the
posterior region expanded more, a rare finding with other
expanders. This difference could be related to external fac-
tors such as the presence of anterior crossbite that hinders
the movement of the maxilla, the larger bone mess with
sutural interlocking, and the predominant posterior ex-
pansion force with MSE.
The disarticulation or disturbance between the palat-

ine bone and pterygoid process of the sphenoid bone is
necessary in order to achieve posterior expansion. Wertz

Table 3 Frequency of total split of pterygopalatine suture (PPS)
between males and females

Parameter Males Females Total P
value

Total split of PPS on Rt and
Lt sides

17/20
(85.0%)

25/30
(83.3%)

42/50
(84.0%)

1.000

RT right, LT left

Fig. 7 a Pre-expansion view on axial palatal section. b Post-expansion view on axial palatal section showing anatomical landmarks. 1: right
anterior nasal spine (ANS), 2: left anterior nasal spine (ANS), 3: right posterior nasal spine (PNS), 4: left posterior nasal spine (PNS), 5: the most
anterior point of lateral plate of the right pterygoid process, 6: the most anterior point of medial plate of the right pterygoid process, 7: the most
anterior point of medial plate of the left pterygoid process, and 8: the most anterior point of lateral plate of the left pterygoid process. c
Disarticulation between medial and lateral pterygoid plates on both right and left pterygopalatine suture after expansion
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[9] stated that the palatal suture opening created by dis-
articulation of the maxillary halves was almost always
nonparallel, with the wider split being at the anterior re-
gion. They demonstrated more space at ANS, progres-
sively narrowing through PNS after RPE. The difference
in findings with MSE might be due to the particular de-
sign of MSE that promotes posterior expansion force
vector as well as the amount of force it can generate.
Four micro-implants of MSE are placed with a wide
antero-posterior distance between each other, and they
are inserted between the zygomatic buttress bones. This
posterior position with a wide width between the anter-
ior and posterior implants, which differs from some
other appliances, promotes parallel expansion with ex-
pansion force directed at the posterior resisting struc-
tures. The skeletal impacts of the MSE have been
studied and described in the recent years, and it has
been successfully utilized in mature patients [25]. Can-
tarella [26] demonstrated that the zygomaticomaxillary
complex shows a rotational movement in the axial plane
with its fulcrum near the TMJ area, in contrast to the
RPE expansion with fulcrum at the pterygoid process
(Fig. 10a). The rotational movement of the midfacial
structure produced by MSE (with its fulcrum far away
from the maxillary complex) contributes to the relatively
parallel opening of midpalatal suture, whereas the RPE
(with its fulcrum close to PNS) produces much more V-
shaped expansion [9, 27]. The bicortical engagements of

implants, by utilizing 11 mm micro-implants, produce
also a much greater bony anchorage with a higher stabil-
ity. This allows adequate expansion force to be used and
causes the rotational movement of the midfacial struc-
ture by disarticulating pterygopalatine sutures, which in
turn produce a relatively parallel expansion of the palatal
suture. This posterior skeletal change with MSE can also
make a significant contribution to the quality of breath-
ing by reducing the resistance in posterior nasal passage
in sleep apnea patients.
Similar to the previous findings, Ramieri [28] showed

parallel expansion of the maxilla only after intervention
on pterygoid palates. In the current study, 84 sutures
out of 100 (84%) presented openings between the medial
and lateral pterygoid plates on both right and left sides
(P < 0.01). Similarly, Cantarella [11] found opening in
pterygomaxillary suture as the most common finding in
13 sutures (N = 30), along with the partial disengage-
ment detected in 3 sutures after MSE treatment. In the
present study, the pattern of partial split in pterygopala-
tine suture was further analyzed with a larger study
group. After observing a symmetrical split on right and
left sides of pterygoid processes as the first most com-
mon finding (Fig. 7c), the second highest prevalence was
the disarticulation only on medial pterygoid plates on
right and left sides of pterygomaxillary junctions (Fig.
8b). Lastly, 3 patients out of 50 demonstrated pterygopa-
latine suture split on the right side only (Fig. 9b).

Fig. 8 a Pre expansion view on axial palatal section. b Post-expansion on axial palatal section showing disarticulated medial pterygoid plates on
both pterygopalatine sutures

Table 4 Frequency of partial split of pterygopalatine suture (PPS) between males and females

Parameter Males Females P value

Split of medial pterygoid plates on Rt and Lt PPS 1/20 (5.0%) 4/30 (13.3%) 0.636

Split of PPS on Rt side only 2/20 (10.0%) 1/30 (3.3%) 0.556
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Different patterns of splitting could be related to
the difference in resistance of the suture as well as
the bone density and shape of the pterygoid process.
Another contributing factor may be the quality of the
anchor bone. However, the interdigitation of pterygo-
maxillary suture is in 3D and complex. And the dir-
ection of the suture at the section examined varied
with each patient. If the suture direction was parallel
with the rotational movement of maxilla, the disar-
ticulation of this suture would not materialize as the
opening on axial cuts (Fig. 10b). Small SOAs (− 0.80°
to 1.37°) were observed in all cases, which indicates
an almost parallel split of midpalatal suture consist-
ently, suggesting the disarticulation of pterygopalatine
suture in transverse direction, especially in the cases
where the split of the pterygopalatine suture in axial
view was not apparent.

Further studies are needed to assess the pterygomaxil-
lary junction in 3D, to clearly understand the possible
sliding mechanism of the suture oriented in the direc-
tion of maxillary movement during the expansion.

Conclusion

1. MSE produced a remarkably parallel expansion of
midpalatal suture.

2. This study shows that the pterygopalatine suture
can be split by MSE appliance without the surgical
intervention; the disarticulation of pterygopalatine
suture was visible in most of the patients.

3. Further studies in the disarticulation pattern of
pterygopalatine suture focusing on transverse
sliding mechanism with MSE treatment are desired.

Fig. 9 a Pre-expansion view on axial palatal section. b Post-expansion view on axial palatal section showing the split in medial and lateral
pterygoid plates on right pterygopalatine suture

Fig. 10 a Superimposition of the two images, before and after expansion, illustrating the rotational movement around the center of rotation (CR),
near the posterior zygomatic arch. The α value represents the degree of rotation between pre- and post-ANS positions. The β value represents
the degree of rotation between pre- and post-PNS positions. b The pterygopalatine suture oriented relatively parallel to maxillary movement. c
The pterygopalatine suture is not parallel to maxillary movement
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Abbrevıatıons
CBCT: Cone beam computed tomography; MSE: Midfacial skeletal expander;
MARPE: Miniscrew-assisted rapid palatal expansion; RPE: Rapid palatal
expansion; SARPE: Surgically assisted rapid palatal expansion; SOA: Suture
opening angle; IRB: Institutional Review Board; MSP: Maxillary sagittal plane;
ANS: Anterior nasal spine; PNS: Posterior nasal spine; N: Nasion; PA: Postero-
anterioret; PPS: Pterygopalatine suture al
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