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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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EVALUATION OF MIDPALATAL SUTURE MATURATION IN THREE AGE GROUPS IN 
10-25 YEARS USING CONE-BEAM COMPUTED TOMOGRAPHY

Ahmed J. Ibrahim*, Niam Riyadh.
Department of Pedodontics Orthodontics and Preventive Dentistry, College of Dentistry, University of Mosul, Iraq.

Abstract.
Introduction: The decision to perform a palatal separation in 

cases of constricted maxilla has historically relied on the age of 
the patients. However, there is an increasing amount of literature 
suggesting that age should not be the only consideration in this 
decision.

Aims of the Study: The primary objective of this study was 
to assess the prevalence of various stages of midpalatal suture 
maturation in age groups of adolescents, post-adolescents, and 
young adults. In addition, the objectives include the examination 
of potential correlations between maturation stages and different 
maxillary measurements.

Materials and Methods: The sample comprised 180 CBCT 
scans of samples aged 10 to 25 years old consisting of 82 males 
and 98 females. According to Angelieri's method classification, 
in the cross-sectional axial slice, the midpalatal suture was 
categorized into five stages (A, B, C, D, E) based on the level 
of maturation observed. The samples were categorized into 
three distinct groups: adolescents, post-adolescents, and young 
adults. Stages A, B, and C were regarded as open midpalatal 
sutures, while stages D and E were regarded as partially or 
completely fused midpalatal sutures. Maxillary measurements 
were measured in the coronal slices at the level of maxillary first 
molar including buccal and palatal alveolar crest, palatal depth, 
palatal index and palatal vault angle.

Results: The most prevalent stage of MPS maturation was 
C (27.7%), followed by E (21.1%) and D (20.5%). The MPS 
was not fused in 105 of a total of 180 samples (58.3%) of the 
overall samples with stages A, B and C). In the males, the most 
prevalent Stage was D (23.1%); for females, the most prevalent 
stage was C (32.6%). within the age group 10-15 years. It was 
possible to determine the open midpalatal suture in (97.8%), but 
in the age group 16-20 years and 21-25 years the midpalatal 
suture was found opening in (44.3%) and (43.6%), respectively. 
Also, the maxillary width and depth were larger in males than in 
females. Conclusions: In a sample of 180, it was shown that the 
MPS was not united in 105 individuals, (CBCT) plays a crucial 
role in assessing the potential possibility of palatal disjunction. 
Positive correlation between stage and palatal depth.

Key words. Midpalatal suture maturation, Adolescent age, 
Cone-beam computed tomography.
Introduction.

Angell (1860) originally proposed the idea that the maxilla 
has the potential for expansion by the manipulation of the 
midpalatal suture [1]. A century later, Haas published the results 
of a study regarding the fast expansion of the maxillary dental 
arch through the initiation of midpalatal suture opening [2]. The 
orthodontic technique employed for solving maxillary transverse 
deficiencies is commonly referred to as maxillary expansion. 

The principal objective of this therapeutic intervention is to 
expand the maxilla by the process of separating the (MPS) 
[3]. Rapid maxillary expansion (RME) has since become a 
standard orthodontic treatment for maxillary atresia [4]. A 
successful opening of the midpalatal suture can be achieved 
with tooth-borne appliances, only in growing patients where 
suture fusion has not yet occurred. Along with the increase of 
MPS maturation, a variable degree of fusion occurs making 
the procedure less predictable and increasing side effects such 
as pain, excessive buccal tipping, gingival recession in the 
posterior segments, ulceration, or necrosis of the palatal mucosa 
[5-7]. However, there is a greater response at the dentoalveolar 
level when RME treatment is administered to individuals after 
the pubertal growth spurt [8]. Because the degree of fusion in the 
MPS increases with age, chronological age has frequently been 
used to determine when a conventional or surgically assisted 
protocol should be performed [9]. Using diagnostic procedures 
to determine the degree of maturation of the MPS can aid 
in selecting the best treatment option. Revelo and Fishman 
proposed in 1994 to evaluate MPS using occlusal radiographs, 
but the method had a low accuracy due to the superimposition of 
multiple structures in this 2D diagnostic method [10]. Angelieri et 
al. (2013) described a method for assessing MPS maturation using 
Cone Beam Computed Tomography (CBCT). According to the 
authors, there are five maturational stages (A to E, Figure 1) [11].

Patients in maturational stages A or B are successfully treated 
with conventional protocols that can still be used in stage C but 
with a reduced skeletal effect, whereas patients in stages D or 
E are treated better with SARME [12]. the aims of this study 
were to evaluate the prevalence of midpalatal suture maturation 
stages in three age groups 10-15, 16-20 and 21-25 years.
Materials and Methods.

This retrospective study was approved by the Research 
Ethics Committee of the College of Dentistry / University 
of Mosul. The sample used in this research included CBCT 
of 180 patients, 98 female and 82 male, aged 10 to 25 years, 
retrospectively selected from the dental diagnostic imaging 
centre of the Al-Shaheed Ghazi Al-Hariri Hospital for Surgical 

Figure 1. Schematic drawing of the maturational stages of the 
midpalatal suture [11].
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Descriptive Stages of Midpalatal Suture Maturation 
The evaluation of cone-beam computed tomography (CBCT) 

images in our study was conducted in a manner according to the 
methodology employed by Angelieri et al. [11] five maturational 
stages (A – E, Figure 5)

1. stage A: the midpalatal suture exhibits a nearly linear 
high-density sutural line with minimal or absent interdigitation 
(Figure 5A) [14-17]. 

2. stage B: the midpalatal suture displays an irregular 
morphology and appears as a high-density line with scalloped 
features (Figure 5B). In stage B, patients may exhibit the presence 
of certain minute regions where two parallel, scalloped, high-
density lines in close proximity to each other, and demarcated 
by small low-density spaces, can be observed [15,16].

3. stage C: the midpalatal suture manifests as two adjacent, 
scalloped, high-density lines in the maxillary and palatine 
bones. These lines are situated in the areas of reduced density, 
positioned between the incisive foramen and the palatino-
maxillary suture, and also posterior to the palatino-maxillary 
suture. Two patterns, straight or irregular, can be utilized to 
arrange the suture (Figure 5C) [11].

4. stage D: The process of midpalatal suture fusing has 
occurred within the palatine bone, with its progression from the 
posterior to the anterior area indicating maturation (Figure 5D) 
[18,19].

5. stage E: there is evidence of midpalatal suture fusion in the 
maxillary region. The suture is not obvious in some areas of the 
maxilla [17,20]. The bone density in this particular region of 
the palate is similar to that of other regions (Figure 5E) [15,21].

To facilitate the classification of suture maturation, all axial 
cross-sectional sections were arranged using codes that were 
shown sequentially on a high-definition computer monitor. The 
calibration was done twice with a washout period of 4 weeks. 
Recorded data were submitted to the agreement analysis to 
check internal examiner errors. 25 images of the midpalatal 
sutures from the same subjects were selected randomly from 
the total sample and reclassified by another examiner. Any 
disagreements were discussed by them to obtain a final decision.

The palatal depth measured in the coronal slices at the level of 
the maxillary first molar, the coronal plane was perpendicular 
to the axial plane. The depth was determined from the palatal 
arch's deepest point to the lingual alveolar crests at the level of 
the first molar lingual surface (Figure 6).
Statistical analysis 

The calculation of weighted kappa coefficients was performed 
to assess the measurement error across examiners, both intra-
examiner and inter-examiner. This analysis was conducted 
using STATA24 (Statistical Package of Social Science, version 
24, Inc. Chicago, USA). The interpretation of the data followed 
the scale established by Landis and Koch.
Results.

The kappa coefficients for the evaluation of intra-examiner 
agreement for the MPS maturation stage were (0.860). The 
inter-examiner reliability analysis also showed almost perfect 
agreement for the MPS maturation stage, with kappa coefficients 
of (0.843).

Specialties Baghdad, Iraq. All CBCT images evaluated in this 
investigation were collected using (Kavo op 3d pro CBCT, 
Germany) with standardization of the head position and the 
following specifications: 8 × 15 to 13 ×15 cm field of view, 
8.7-second Exposure time, 89 kV, and 15 mA. All images 
processed and evaluated by using the OneDemand3D software 
viewer (version 1.0; Cybermed, Seoul, South Korea) were used 
to analyze CBCT images.
Inclusion criteria

1. Patients between 10-25 years old.
2. Good quality CBCT images.

Exclusion criteria
1. Developmental or genetic anomaly related to craniofacial 

region
2. Cleft lip and palate
3. Poor quality of CBCT images
4. The patient with orthodontic treatment or signs of any 

appliance at the examination.
The sample used in this research included 180 patients, 98 

female and 82 male, aged 10 to 25 years, The samples were 
divided into 3 groups (Table 1):

Adolescents (10-15)
Post-adolescents (16-20)
Young adults (21-25)

Table 1. Distribution  of the sample.
Age group male female N. Percent
(10-15) 26 21 47 26.1
(16-20) 35 43 78 43.3
(21-25) 21 34 55 30.6
total 82 98 180 100

The patient's head was adjusted in the three spatial planes, and 
the section for assessment of the MPS maturational stages was 
chosen, the images were obtained in a standardized manner. in 
the coronal) Figure 2A) and axial views) Figure 2B), the image 
analysis software cursor was initially positioned at the patient's 
midsagittal plane. The patient's head was then adjusted in sagittal 
view) Figure 2C), so that the horizontal reference line coincided 
with the cancellous bone between the upper and lower cortical 
bones of the palate, which is the median region of the palate. 
According to the method of Angelieri et al. [11]. the skeletal 
maturation stage of the MPS was subsequently visualized and 
classified in the axial CBCT section. When the patient presented 
with a broad or thick palate, two axial cross-sectional sections 
were taken for a more precise evaluation, the most maturation 
was chosen for this study) Figure 3) [4,11,13].

A curved palate refers to a situation in which the anterior and 
posterior regions of the palate cannot be observed simultaneously 
in a single axial slice. In order to determine the sutural staging 
classification, it is necessary to examine two separate slices. 
The first slice in which the sagittal plane line passes through the 
suture in the most posterior region, and a second one with the 
cursor passing in the most anterior region (Figure 4) was used to 
evaluate the maturation stage.
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Figure 3. For patients with a thick palate, the two axial slices in the middle were analyzed (orange line).

Figure 2. Standardization of head position in the coronal, axial, and sagittal lines (A, B, and C). The midpalatal suture can be measured the 
same way every time. in C, the sagittal view, the line that shows where the axial plane view is in the middle of the hard palate's superior-inferior 
dimension.

Age (year) Gender A B C D E totalN % N % N % N % N %

10–15
M 16 61.5 7 26.9 3 11.5 0 0 0 0 26
F 5 23.8 7 33.3 8 38 0 0 1 4.7 21
M+F 21 44.6 14 29.7 11 23.4 0 0 1 2.1 47

16-20
M 0 0 5 14.2 8 22.8 11 31.4 11 31.4 35
F 2 4.6 5 11.6 15 34.8 11 25.5 10 23.2 43
M+F 2 2.5 10 12.8 23 29.4 22 28.2 21 26.9 78

21-25
M 0 0 2 9.5 7 33.3 8 38 4 19 21
F 1 2.9 5 14.7 9 26.4 7 20.5 12 35.2 34
M+F 1 1.8 7 12.7 16 29 15 27.2 16 29. 55

total 24 13.3 31 17.2 50 27.7 37 20.5 38 21.1 180

Table 2. Distribution of the midpalatal suture maturational stages by age and gender.
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Figure 5. A, This patient exhibits Stage A maturation of the midpalatal suture as a relatively straight, dense midline line. B, Stage B is characterized 
by a single scalloped, high-density midline line. C, Stage C appear as two parallel, scalloped, high-density lines that are near together and, in 
some areas, separated by small low-density spaces. D, Stage D is represented by two high-density, scalloped lines that run down the midline of the 
palate's maxillary region. E, Sutural fusion has taken place in the maxilla at stage E.

Figure 4. For patients with a curved palate, two sagittal sections were used: one for the anterior (A) and one for the posterior  (B). The two images 
were used to determine the sutural stage.

Figure 6. The palate height (Depth).



98

Regarding the distribution of the sample, (45.5%) were male, 
while 54.5 were female. Table (2) displays the distribution of 
the maturational stages observed in the midpalatal suture within 
the sample.

The most frequent maturation stage in the study population 
was stage C (27.7%), followed by stages E (21.1%), D (20.5%), 
B (17.2%), and A (13.3%). The MPS was not fused in 105 out of 
180 subjects (58.3% of the total sample with stages A, B and C). 
In the females, there was a higher prevalence of stage C (32.6%) 
and stage E (23.4%), while in males stage D and C were the 
most prevalent stages (23.1%) and (21.9%) respectively. stage 
C was the most prevalent stage in the age group 16-20 years 
(29.4%). Stage A was noted high prevalence in the adolescent 
group from 10-15 age (44.6%), which appeared higher in males 
(61.5%) than females (23.8%). only one subject presented with 
fused suture in this age group (one female). Also, Stage B was 
present mainly in the adolescent group from 10-15 (29.7%). In 
the group between 21-25 years (1) subject was observed in stage 
A and 7 subject was observed in stage B. When all groups are 
considered, we observed that in the age group of 10-15 years is 
possible to verify open midpalatal suture in 97.8%. in the age 
group of 16-20 years and 21-25 years, it is possible to verify a 
MPS opening in 44.8% and 43.6%, respectively.

Table 3. Distribution and comparison of the MPS maturational stages 
in 10–25-year-old subjects by gender.

gender

Stage Total

82

       A        B        C        D        E
N % N % N % N % N %

male 16 19.5 14 17.07 18 21.9 19 23.1 15 18.2
female 8 8.1 17 17.3 32 32.6 18 18.3 23 23.4 98

Table 4. Statistical description of palatal depth in relation to the degree 
of suture maturation.

DEPTH
Stage mean S.D
A 10.658  D 2.181
B 11.898  C 2.619
C 12.310 BC 2.030
D 13.318 AB 2.330
E 13.531 A 2.442
T-value 7.485
sig. 0.0001

Table 5. correlation between stage, age, and depth.
Age DEPTH

Stage 0.510** 0.372**
*Correlation is significant at the 0.05 level. 
**Correlation is significant at the 0.01 level.

Table (4) shows the Descriptive statistics for depth in stages A, 
B, C, D, and E. Regarding the significance between stages and 
depth there is a highly significant difference between the stages 
and the depth. There is a high positive correlation between Age 
and stage, also There is a high positive correlation between Age 
and depth of the palate (Table 5).
Discussion.

The management of transverse maxillary constriction in 
individuals is a significant subject matter for orthodontic 

professionals, particularly when dealing with post-adolescence 
and young adult patients [12]. Despite the clear efficacy of the 
(RME) protocol in clinical applications, limited consensus 
has yet to be reached about the age limit for traditional palatal 
expansion techniques. The primary reason for this issue 
might be attributed to the significant physiological variability 
observed among patients with regard to the timing and extent 
of palatal suture closure. Consequently, accurately diagnosing 
this condition becomes challenging [18,19,22-24]. The more 
extensive the fusion of the MPS, the more pronounced the 
reduction in skeletal consequences and the more significant 
effect on the dentoalveolar area resulting from this treatment 
[4,25]. The presence of uncertainty creates states of undesirable 
effects. Despite being a conservative treatment, (RME) can have 
adverse effects when used in individuals exhibiting complete or 
partial closure of the midpalatal sutures. These consequences 
may include notable observed symptoms that include pain, 
gingival recession, ulceration or necrosis of the palatal mucosa, 
buccal tilting of the posterior teeth, and decreased thickness 
of the buccal bone [6,26-30], bending of the alveolar bone 
[31], resorption of buccal roots [32], fenestration of the buccal 
cortex [33], and instability of the expansion [34,35]. However, 
it is essential to acknowledge that a surgical expansion using 
SARPE can be conducted at any time in an individual's life. It 
is associated with elevated morbidity, expense, danger, and a 
prolonged recovery period for the patient [25].  Stage D was 
detected most commonly in males, while in females stage C was 
detected the most. Stage A was found mainly in the age group 
10-15. It was anticipated that this particular stage would have 
a higher prevalence among individuals of younger age groups. 
It is worth mentioning that seven out of the total number of 
patients who are classified within the age range of 21-25 years 
are in stage B. In contrast, the incidence rates of stages A and 
B among individuals aged 18 and above were slightly higher 
compared to the findings reported by Ladewig et al. [13]. 2.5% 
and 3.1% according to Angelieri et al. [11] findings. It is known 
that stage C is a transitional period as reported by Tonello et 
al. [4] achieving successful maxillary expansion remains 
effective in this stage. Both Tonello et al. [4] and Ladewig et 
al. [13], suggested that the most common stage was Stage C 
(44.6% and 50%), respectively. This stage was also noted in the 
current study most frequently, especially in the age group 16-
20 years, which was more present in females than males. Stage 
D and E were the less in the age group 10 -15 years old. The 
observed outcome was anticipated, as these stages indicate the 
initiation or completion of the ossification process of the suture 
in which RME can be done successfully in this age group. In 
the age group of 21-25 years old patients, a high rate of the 
sample still had either full or partial MPS opening. Villarroel 
et al. [36] and Shayani et al. [25] findings, were 39.2% and 
38.8%, respectively, in the same age group. This is crucial as 
conventional maxillary expansion can still be accomplished. It 
is crucial to note that although the mid-palatal suture remains 
unclosed in such individuals, other cranial structures may exhibit 
limitations to palatal expansion. In reality, there are additional 
circunmaxillary sutures [37]. The zygomatic arch and sphenoid 
bone are also implicated in this process [32,38]. Therefore, 
for enhanced prognostic accuracy, future research should 
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incorporate these structures into its evaluation. In the past, 
the clinical decision between conventional RME and SARME 
was often based on chronological age. However, it has been 
demonstrated in the literature that relying just on chronological 
age cannot be a dependable method for assessing the maturation 
state of MPS [12,39,40,41]. The present study provides support 
for this concept, suggesting a potential paradigm change in the 
approach to treating maxillary constriction. According to this 
study, the possibility of discovering a midpalatal suture opening 
is the same for both genders female (58.1), and male (58.5%). 
The younger age group (10-15) exhibited a greater incidence of 
stages A, B, and C, and decreased in the older age (16-20) and 
(21-25) respectively. stage D and E were identified in the age 
group 16-20 years was close to the ratio in the study of Ladewig 
et al. [13], where (47.82%) of the subjects in the age group 16-
20 years of age were in stages D and E of sutural maturation. In 
the study of Jiménez-Valdivia et al [12] (78.8%) of the subjects 
were diagnosed in stages D and E. The result exceeded the 
findings in this research and that of the Ladewig et al study. Our 
finding in the age group 16-20 was close to Ladewig et al. [13] 
where (52.6%) of the sample had an open suture (stages A, B, 
and C). This shows that disjunction could be successful even 
in older age groups without referring the patient for surgery, 
while in the study of Jiménez-Valdivia et al. [12], (21.1%) of 
the sample presented with open suture in the same age group. 
Stage show a high correlation with depth, as the stage increase 
according to age, also Depth increases with age, this may give 
an indicator that as the depth increase the maturational stage 
increase providing a chance for application in dental diseases 
[42].
Conclusion.

The midpalatal suture (MPS) maturation method emerges as 
a promising diagnostic tool, particularly in the assessment of 
palatal disjunction in individuals beyond adolescence and young 
adulthood. With the aid of cone-beam computed tomography 
(CBCT), the potential for utilizing MPS maturation as a 
diagnostic marker becomes even more evident. The findings 
from the study indicate that a significant proportion of the 
sample population displayed non-fused MPS, highlighting the 
relevance and prevalence of this phenomenon. Furthermore, the 
positive correlation observed between the maturation stage and 
both maxillary depth and age further supports the validity and 
utility of the MPS maturation method as a diagnostic tool. These 
findings not only contribute to our understanding of palatal 
development but also have potential implications for clinical 
practice, allowing for more accurate and informed assessments 
of palatal disjunction and related conditions. As research in this 
field continues to evolve, the MPS maturation method holds 
promise as a valuable tool for clinicians in their diagnostic 
endeavours.
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