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Objectives: This study aimed to evaluate the relationship among the maturation stages of the midpalatal (MPS), 
pterygomaxillary (PMS), and circummaxillary sutures in a Turkish population using cone-beam computed tomography 
(CBCT). 
Materials and Methods: This retrospective study included 210 individuals (105 males, 105 females; 11–17 years) with 
skeletal Class I and normodivergent growth patterns. CBCT scans were assessed for the maturation stages of six sutures: 
MPS, transpalatal (TPS), PMS, zygomaticomaxillary (ZMS), frontomaxillary (FMS), and zygomaticotemporal (ZTS). The MPS 
maturation was classified according to Angelieri’s five-stage system (A–E), while other sutures were recorded as open or 
closed. Intra-observer reliability was assessed using the intraclass correlation coefficient (ICC). Statistical analyses included 
Chi-square, Spearman correlation, and post hoc standardized residuals (p < 0.05). 
Results: MPS maturation increased significantly with age (ρ = 0.913, p < 0.001). Advanced MPS stages were more prevalent 
in females than in males (p < 0.001), and a significant sex-related difference was also observed in the TPS (p = 0.048). A strong 
positive correlation was found between MPS and PMS on both sides (right: ρ = 0.71, p = 0.032; left: ρ = 0.68, p = 0.041). No 
statistically significant correlations were identified between MPS and TPS, FMS, ZMS, or ZTS (p > 0.05). 
Conclusions: MPS maturation increased significantly with age and showed a significant association with PMS closure. 
Female subjects exhibited more advanced MPS maturation stages than males, suggesting a possible sex-related difference 
in the timing of sutural maturation. However, because no significant correlations were found between MPS and several 
other circummaxillary sutures, the findings support a selective rather than a generalized pattern of coordinated sutural 
maturation. Combined CBCT evaluation of MPS and PMS may facilitate more individualized treatment planning for maxillary 
expansion procedures, such as MARPE and SARME. 
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Türk Popülasyonunda Pterigomaksiller, Midpalatal ve Sirkummaksiller Sütürlerin 
Maturasyon Düzeyleri Arasındaki İlişkinin Değerlendirilmesi: KIBT Çalışması 
 

Araştırma Makalesi ÖZ 
Amaç: Bu çalışmanın amacı, Türk popülasyonunda midpalatal sütür (MPS), pterigomaksiller sütür (PMS) ve sirkummaksiller 
sütürlerin olgunlaşma evreleri arasındaki ilişkinin konik ışınlı bilgisayarlı tomografi (CBCT) kullanılarak değerlendirilmesidir. 
Gereç ve Yöntemler: Bu retrospektif çalışmaya, iskeletsel Sınıf I ve normodiverjan büyüme paternine sahip 210 birey (105 
erkek, 105 kadın; 11–17 yaş) dahil edildi. CBCT görüntüleri altı sütürün olgunlaşma evreleri açısından değerlendirildi: MPS, 
transpalatal sütür (TPS), PMS, zigomatikomaksiller sütür (ZMS), frontomaksiller sütür (FMS) ve zigomatikotemporal sütür 
(ZTS). MPS olgunlaşması Angelieri’nin beş evreli sistemine (A–E) göre sınıflandırılırken, diğer sütürler açık veya kapalı olarak 
kaydedildi. Gözlemci içi güvenirlik sınıf içi korelasyon katsayısı ile değerlendirildi. İstatistiksel analizlerde Ki-kare testi, 
Spearman korelasyon analizi ve post hoc standartlaştırılmış artıklar kullanıldı (p < 0,05). 
Bulgular: MPS olgunlaşması yaşla birlikte anlamlı düzeyde arttı (ρ = 0,913, p < 0,001). İleri MPS evreleri kadınlarda erkeklere 
kıyasla daha yaygın bulundu (p < 0.001) ve TPS açısından da cinsiyete bağlı anlamlı bir farklılık saptandı (p = 0,048). MPS ile 
PMS arasında her iki tarafta da güçlü pozitif korelasyon bulundu (sağ: ρ = 0,71, p = 0,032; sol: ρ = 0,68, p = 0,041). MPS ile 
TPS, FMS, ZMS veya ZTS arasında istatistiksel olarak anlamlı korelasyon saptanmadı (p > 0,05). 
Sonuçlar: MPS olgunlaşması yaşla birlikte anlamlı düzeyde artmış ve PMS kapanışı ile anlamlı bir ilişki göstermiştir. Kadın 
bireylerde daha ileri MPS olgunlaşma evrelerinin görülmesi, sütürel olgunlaşma zamanlamasında cinsiyete bağlı bir farklılık 
olabileceğini düşündürmektedir. Bununla birlikte, MPS ile diğer bazı çevresel maksiller sütürler arasında anlamlı korelasyon 
bulunmaması, bulguların genelleştirilmiş bir eşgüdümlü sütürel olgunlaşma paterninden ziyade seçici bir olgunlaşma 
paternini desteklediğini göstermektedir. MPS ve PMS’nin CBCT ile birlikte değerlendirilmesi, MARPE ve SARME gibi maksiller 
genişletme işlemlerinin planlanmasında daha bireyselleştirilmiş tedavi kararlarına katkı sağlayabilir. 
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Introduction 

Maxillary transverse deficiency (MTD) is a common 
orthopedic condition characterized by insufficient 
transverse development of the maxilla. Clinically, it 
presents with features such as posterior crossbite, dental 
crowding, narrow palatal arch, and prominent buccal 
corridors.1 The prevalence of MTD varies across ethnic 
groups and geographic regions, with an average prevalence 
of approximately 24.3%.2 

Several treatment modalities have been developed to 
correct MTD, including rapid maxillary expansion (RME), 
miniscrew-assisted rapid palatal expansion (MARPE), and 
surgically assisted rapid maxillary expansion (SARME).3 
Among the anatomical structures involved, the midpalatal 
suture (MPS), transpalatal suture (TPS), and 
pterygomaxillary suture (PMS), along with other 
circummaxillary sutures such as the zygomaticomaxillary 
(ZMS), frontomaxillary (FMS), and zygomaticotemporal 
sutures (ZTS), offer varying levels of resistance to 
orthopedic expansion forces.4–6 

Although RME primarily targets the disarticulation of 
the MPS, the surrounding circummaxillary sutures play a 
critical role in treatment resistance and potential relapse.7,8  
Therefore, assessing the maturation status of these 
sutures—particularly in adolescents and young adults—is 
crucial for appropriate treatment planning.9,10 While 
chronological age alone is an unreliable indicator of suture 
maturation, several studies have reported correlations with 
both age and sex.11,12 Notably, the optimal age range for 
conventional versus surgically assisted expansion often 
overlaps, complicating clinical decision-making.13 

The midpalatal suture (MPS) has been reported to 
undergo fusion typically between 15 and 19 years of age.14  
Ok et al.15 found a significant correlation between MPS and 
ZMS maturation. Govaerts et al.13 proposed a general 
sequence for sutural maturation, stating that the 
pterygomaxillary suture (PMS) typically matures first, 
followed by the transpalatal suture (TPS), then the 
midpalatal suture (MPS), and finally the 
zygomaticomaxillary suture (ZMS). They further suggested 
that MPS maturation tends to occur later, particularly in 
female subjects. 

Valdivia et al.16 and Castro et al.17 further highlighted 
that the frequency of open MPS in males may be 
underestimated and that suture maturation status, rather 
than appliance design, is a key factor in treatment success. 

Recent studies have also indicated associations 
between MPS maturation and other cranial structures, such 
as the spheno-occipital synchondrosis and cervical 
vertebrae.15,18 The aim of this study is to evaluate the 
relationship between MPS maturation and the closure 
status of adjacent circummaxillary sutures—including the 
pterygomaxillary, transpalatal, frontomaxillary, 
zygomaticomaxillary, and zygomaticotemporal sutures—
using cone-beam computed tomography (CBCT). The null 
hypothesis (H₀) is that there would be no statistically 
significant correlation between the maturation stage of the 
MPS and the maturation status of the pterygomaxillary and 
other circummaxillary sutures. 

Materials and Methods 

This retrospective study was approved by the Non-
Interventional Clinical Research Ethics Committee of Van 
Yüzüncü Yıl University and was conducted in accordance 
with the ethical principles of the Declaration of Helsinki 
(Ethics approval no: 2023/09-20) 

The sample size was calculated using the G*Power 
statistical software (version 3.1; Franz Faul, Universität Kiel, 
Germany). Based on a chi-square test with a medium effect 
size (w = 0.25), an alpha level of 0.05, and 95% power, the 
minimum required sample size was calculated as 210. 

To achieve the calculated sample size, cone-beam 
computed tomography (CBCT) images archived at the 
Department of Oral and Maxillofacial Radiology, Faculty of 
Dentistry, Van Yüzüncü Yıl University, taken between 2019 
and 2023 for diagnostic or treatment purposes, were 
retrospectively reviewed. CBCT scans of 210 individuals 
(105 males and 105 females) who met the inclusion criteria 
were included in the study. 

Study Design and Selection Criteria 
The study included individuals aged 11 to 17 years who 

had a skeletal Class I pattern (ANB angle between 0° and 
4°), exhibited a normodivergent growth pattern, had no 
previous history of orthodontic or orthognathic surgical 
treatment, and had high-quality CBCT images suitable for 
analysis. 

Individuals with a history of orthopedic interventions 
that could affect maxillary suture development—such as 
rapid maxillary expansion (RME) or maxillary protraction 
therapy—were excluded from the study. To confirm this, all 
participants were contacted by phone and asked about any 
previous orthodontic or orthopedic treatments. 

Additional exclusion criteria included a history of 
maxillary or midfacial deformity, trauma, tumor, or 
systemic disease affecting craniofacial development; prior 
radiotherapy or chemotherapy in the head-neck region; 
presence of craniofacial syndromes affecting sutural 
development; and a diagnosis or history of obstructive 
sleep apnea syndrome or chronic mouth breathing. 

CBCT scans with motion artifacts, metal interference, 
low resolution, or inadequate voxel size that prevented 
clear visualization of the sutural lines were also excluded 
from the study. 

CBCT Imaging Protocol 
CBCT scans were obtained using a KaVo 3D eXam 

tomographic unit (Biberach, Germany) located at the 
Department of Oral and Maxillofacial Radiology, Faculty of 
Dentistry, Van Yüzüncü Yıl University. The device 
underwent regular annual maintenance and calibration. All 
scans were performed by a radiologist with at least seven 
years of clinical experience who routinely operated the 
system. Prior to each acquisition, the device was calibrated 
according to the manufacturer’s instructions. 

During image acquisition, patients were positioned 
seated in the scanner. The Frankfort horizontal plane was 
aligned parallel to the floor, and the mandible was 
positioned in centric occlusion with maximum 
intercuspation. To minimize motion artifacts, the mandible 
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was stabilized with a chin strap, and head movement was 
restricted using cephalostat supports. 

All tomographic scans were obtained at 120 kVp, 5 mAs, 
a 7-second exposure time, voxel size ranging from 0.125 to 
0.4 mm, and a field of view (FOV) of 130 mm. 

To ensure accurate assessment of craniofacial 
structures, all CBCT datasets were three-dimensionally 
reoriented after image acquisition. Deviations in yaw, roll, 
and pitch were corrected to achieve standardized head 
positioning. Orientation adjustments were performed using 
the reference landmarks Basion (Ba), Nasion (Na), right 
Porion (PoR), and right Orbitale (OrR). These corrections 
were applied systematically across all images, including 
axial and coronal sections. 

Evaluation of Sutural Maturation 
The morphological maturation stages of the maxillary 

sutures were assessed on CBCT images using predefined 
anatomical reference planes. The sutures included in the 
analysis were the midpalatal suture (MPS), transpalatal 
suture (TPS), pterygomaxillary suture (PMS), 
zygomaticomaxillary suture (ZMS), frontomaxillary suture 
(FMS), and zygomaticotemporal suture (ZTS). 

The maturation stage of the MPS was evaluated 
according to the classification system proposed by Angelieri 
et al.¹⁹ using the eXam Vision software (KaVo, Biberach, 
Germany). In this classification, the MPS is examined in the 
axial plane in the superior–inferior direction. Stage A: The 
suture appears as a straight, high-density line. Stage B: The 
line becomes irregular and presents a scalloped pattern. 
Stage C: The suture is visible as two parallel, scalloped, high-
density lines. Stage D: Fusion is observed at the palatine 
bone level. Stage E: Fusion extends to the maxillary bone 
level. 

This classification system describes the gradual 
morphological transition of the suture from an open state 
to complete fusion. Representative images of the MPS 
classification are shown in Figure 1. 

The ZMS, TPS, and ZTS were examined in the axial plane; 
the FMS in the coronal plane; and the PMS in the sagittal 
plane. Except for the MPS and TPS, all sutures were 
assessed bilaterally as right and left. For descriptive 
purposes, closed sutures were considered calcified, 
whereas open sutures were considered non-calcified. 
Evaluation of the sutures on CBCT sections was performed 
with reference to the relevant anatomical planes. (Figure 
2). 

 

 

Figure 1. Representative images showing different stages of the midpalatal suture (MPS). The images illustrate the 
progressive changes of the suture from an open configuration to complete fusion (Stages A–E). 

 

Figure 2. Bilateral assessment of sutures and their morphological maturation stages. From top to bottom: axial views of 
zygomaticotemporal suture (ZTS); coronal views of frontomaxillary suture (FMS); axial views of midpalatal suture (MPS); axial 

views of transpalatal suture (TPS); axial views of zygomaticomaxillary suture (ZMS); and sagittal views of pterygomaxillary 
suture (PMS). 
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Randomization and Reliability 
All CBCT images were digitally anonymized prior to 

evaluation. Patient names, identification numbers, birth 
dates, and gender information were removed from the 
image files, and each subject was assigned a unique code. 
The order of image assessment was randomly determined 
by an orthodontist who was not involved in the evaluation 
process, and the code list was stored exclusively by this 
researcher. 

The radiologist responsible for the evaluation had 
access only to the coded and randomly ordered CBCT 
images and was therefore blinded to all patient identities 
and demographic data. All CBCT images were evaluated by 
a single examiner experienced in dentomaxillofacial 
radiology under standardized viewing conditions. To 
assess intra-examiner reliability, 10 images from each age 
group were randomly selected, yielding a total of 70 CBCT 
images. These images were re-evaluated after a two-week 
interval under the same conditions and using the same 
assessment criteria. Agreement between the two 
evaluations was quantified using the intraclass correlation 
coefficient (ICC), and the obtained values indicated 
excellent measurement consistency. 

Statistical Analysis 
Statistical analyses were performed using IBM SPSS 

Statistics software (version 23.0; IBM Corp., Armonk, NY, 
USA). The Shapiro–Wilk test was used to assess the 
normality of the relevant continuous variables. Since the 
relevant variables did not meet normality assumptions, 
non-parametric tests were used where appropriate. 
Categorical variables were expressed as frequencies (n) 
and percentages (%). The Chi-square test was used to 
evaluate differences in suture calcification status and MPS 
maturation stages between sexes and age groups. For 
statistically significant Chi-square results, post hoc 
analysis was performed using standardized residuals; 
values with |Z| > 1.96 were considered significant (p < 
0.05). The midpalatal suture (MPS) maturation stages, 
classified from A to E according to the Angelieri method, 
were treated as ordinal variables and numerically coded 
(A = 1 to E = 5) for correlation analysis. The relationship 
between chronological age and MPS maturation stage 
was assessed using Spearman’s rank correlation 
coefficient. Additionally, the Kruskal–Wallis test was used 
to examine differences in MPS maturation across age 
groups, and ordinal logistic regression was performed to 
identify significant predictors of MPS stage, with age and 
sex as independent variables. The significance level was 
set at p < 0.05 for all analyses. 

Results 

Intra-examiner reliability was assessed using the 
intraclass correlation coefficient (ICC), with values ranging 

from 0.901 to 0.963, indicating excellent measurement 
consistency. The comparison of sutural calcification status 
according to sex and the corresponding statistical 
outcomes are presented in Table 1. A statistically 
significant difference was observed between female and 
male subjects in terms of midpalatal suture (MPS) 
maturation (p < 0.001). Advanced maturation stages (D–
E) were more prevalent in females. A significant sex-
related difference was also found in the transpalatal 
suture (TPS) (p = 0.048), with a higher frequency of 
calcification observed in males. A statistically significant 
sex-related difference was also observed in the left 
zygomaticotemporal suture (p = 0.045). No statistically 
significant sex-based differences were observed in the 
calcification status of the pterygomaxillary, 
zygomaticomaxillary, or frontomaxillary sutures (p > 0.05). 
Overall, sex-based evaluation indicated that female 
subjects exhibited a clear tendency toward more 
advanced MPS maturation stages, whereas males showed 
a higher frequency of TPS closure. In contrast, no 
consistent sex-related differences were observed for the 
remaining circummaxillary sutures. 

The distribution of sutural calcification status 
according to age groups is presented in Table 2. A 
statistically significant difference among age groups was 
observed only for the right frontomaxillary suture (p = 
0.03), indicating an age-related variation in its calcification 
status. No statistically significant age-related differences 
were detected for the transpalatal, bilateral 
pterygomaxillary, bilateral zygomaticotemporal, bilateral 
zygomaticomaxillary, or left frontomaxillary sutures (p > 
0.05). 

The distribution of midpalatal suture (MPS) 
maturation stages according to age and sex is shown in 
Table 3. Spearman correlation analysis revealed a strong 
and statistically significant positive correlation between 
age and MPS maturation stage (ρ = 0.913, p < 0.001). Chi-
square analysis also revealed a significant association 
between sex and MPS stage (p < 0.001), with females 
demonstrating a higher prevalence of advanced stages 
(D–E). Additionally, Kruskal–Wallis test confirmed 
significant differences among age groups (p < 0.001). 
Ordinal logistic regression showed that both age (p < 
0.001) and sex (p < 0.001) were significant predictors of 
MPS maturation. 

The correlations between MPS maturation and the 
closure status of circummaxillary sutures are summarized 
in Table 4. A strong and statistically significant correlation 
was found between the MPS and the pterygomaxillary 
suture (PMS) on both sides (right: ρ = 0.71, p = 0.032; left: 
ρ = 0.68, p = 0.041). No statistically significant correlations 
were found between the MPS and the transpalatal (TPS), 
frontomaxillary (FMS), zygomaticomaxillary (ZMS), or 
zygomaticotemporal (ZTS) sutures (p > 0.05). 
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Table 1. Distribution and comparison of suture calcification (fusion) status and midpalatal suture maturation stages 
according to sex 

Name of Suture Closure Status Female Male p* 

Midpalatal A 38 22  
 

<.001 
B 15 22 
C 21 8 
D 20 9 
E 33 22 

Transpalatal Calcified 40 52 .048 
Non-calcified 65 53 

Pterygomaxillary-right Calcified 39 29 .092 
Non-calcified 66 76 

Pterygomaxillary-left Calcified 39 31 .242 
Non-calcified 66 74 

Zygomaticotemporal-right Calcified 102 100 .471 
Non-calcified 3 5 

Zygomaticotemporal-left Calcified 101 99 .045 
Non-calcified 4 6 

Zygomaticomaxillary-right Calcified 43 52 .212 
Non-calcified 62 53 

Zygomaticomaxillary-left Calcified 55 52 .782 
Non-calcified 50 53 

Frontomaxillary-right Calcified 78 84 .324 
Non-calcified 27 21 

Frontomaxillary-left Calcified 78 83 .415 
Non-calcified 27 22 

Chi-square test. p < 0.05 

 
Table 2. Distribution and comparison of suture calcification (fusion) status according to age group 

Suture 
Age group 

p 
11 12 13 14 15 16 17 

Transpalatal .199 
Non-calcified 17 20 16 19 10 18 17 
Calcified 13 10 14 11 20 12 13 

Pterygomaxillary -right .075 
Non-calcified 15 13 10 6 7 6 11 
Calcified 15 17 20 24 23 24 19 

Pterygomaxillary -left .609 
Non-calcified 14 11 11 9 9 9 7 
Calcified 16 19 19 21 21 21 23 

Zygomaticotemporal-right .62 
Non-calcified 30 29 28 29 28 30 28 
Calcified 0 1 2 1 2 0 2 

Zygomaticotemporal-left .65 
Non-calcified 29 29 28 29 27 30 28 
Calcified 1 1 2 1 3 0 2 

Zygomaticomaxillary .11 
Non-calcified 14 17 16 14 15 13 6 
Calcified 16 13 14 16 15 17 24 

Zygomaticomaxillary -left .19 
Non-calcified 18 17 19 17 12 15 10 
Calcified 12 13 11 13 18 15 20 

Frontomaxillary -right .03 
Non-calcified 25 26 28 22 20 18 23 
Calcified 5 4 2 8 10 12 7 

Frontomaxillary -left .11 
Non-calcified 24 25 28 22 20 19 23 
Calcified 6 5 2 8 10 11 7 

Chi-square test, standardized residuals, p < 0.05 
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Table 3. Distribution of Midpalatal Suture (MPS) maturation stages according to chronological age and sex 

Age group Sex Stage A Stage B Stage C Stage D Stage E Total (n) 

11 Years F 11 3 1 0 0 15 
 M 15 0 0 0 0 15 
12 Years F 9 3 2 1 0 15 
 M 14 1 0 0 0 15 
13 Years F 2 3 4 4 2 15 
 M 12 3 0 0 0 15 
14 Years F 0 1 3 7 4 15 
 M 8 6 1 0 0 15 
15 Years F 0 1 2 5 7 15 
 M 1 8 3 2 1 15 
16 Years F 0 0 0 3 12 15 
 M 0 4 5 4 2 15 
17 Years F 0 0 0 1 14 15 
 M 0 1 1 2 11 15 
Total  72 34 22 29 53 210 

Spearman correlation between age and MPS stage: ρ = 0.913, p < 0.001. 
Chi-square association between sex and MPS stage: χ² = 33.97, df = 4, p < 0.001. 
Kruskal–Wallis test: H = 148.3, df = 6, p < 0.001. 
Ordinal logistic regression: Age (p < 0.001), Sex (p < 0.001) 
F: Female; M: Male, n: sample size. MPS maturation stages (A–E) were assessed according to the classification method described by Angelieri et al. 

 

Table 4. Spearman correlation analysis results between the maturation stage of the midpalatal suture (MPS) and the 
closure status of circummaxillary sutures 

 ρ (Spearman) p 

MPS – PMS (Right) 0.71 0.032 
MPS – PMS (Left) 0.68 0.041 
MPS – TPS 0.58 0.078 
MPS – ZMS (Right) 0.54 0.104 
MPS – ZMS (Left) 0.49 0.122 
MPS – FMS (Right) 0.61 0.062 
MPS – FMS (Left) 0.56 0.081 
MPS – ZTS (Right) 0.29 0.402 
MPS – ZTS (Left) 0.31 0.375 

 
Discussion 

The present study aimed to evaluate the 
morphological maturation levels of the midpalatal suture 
(MPS), together with the pterygomaxillary (PMS) and 
other circummaxillary sutures, according to age and sex. 
The findings demonstrated a statistically significant 
correlation between increasing age and MPS maturation 
(p < 0.001), with females exhibiting more advanced 
maturation stages than males (p < 0.001). A statistically 
significant sex-related difference was also observed in the 
transpalatal suture (p = 0.048), although no significant 
age-related variation was detected for this suture (p > 
0.05). Overall, the remaining circummaxillary sutures did 
not show a consistent pattern of statistically significant 
associations with age or sex. In line with these findings, 
the null hypothesis was rejected only for the 
pterygomaxillary suture and accepted for the transpalatal, 
frontomaxillary, zygomaticomaxillary, and 
zygomaticotemporal sutures. 

In the present study, a strong and statistically 
significant positive correlation was observed between 
chronological age and midpalatal suture maturation (ρ = 
0.913, p < 0.001), indicating that MPS maturation follows 
a clear age-related progression. This finding is in 

agreement with the morphological classification system 
proposed by Angelieri et al.,19  who demonstrated that the 
transformation of the midpalatal suture from a 
trabeculated structure to compact bone becomes 
particularly evident between the ages of 11 and 17 years. 
Similarly, Knaup et al.11 and Korbmacher et al.12 reported 
that histomorphometric signs of midpalatal suture fusion 
generally begin to appear around the age of 15.  

Furthermore, in a CBCT-based study, Govaerts et al.13 
reported that female subjects tend to exhibit a higher 
degree of MPS fusion after the age of 15, suggesting this 
age as a potential threshold for considering surgically 
assisted rapid maxillary expansion. In line with these 
observations, the findings of the present study indicate 
that a comparable age-related maturation pattern of the 
MPS is also present in the Turkish population, reinforcing 
the role of age as a key determinant in midpalatal suture 
maturation. 

In the present study, we focused exclusively on 
skeletal Class I individuals with normodivergent growth 
patterns in order to establish a baseline reference for MPS 
and circummaxillary suture maturation within the Turkish 
adolescent population. This methodological decision 
aimed to minimize anatomical and developmental 
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variability that could confound the underlying 
relationships among these sutures. Several studies have 
reported that sagittal skeletal discrepancies can influence 
suture morphology and density. Macrì et al.20 observed 
that Class III individuals exhibited significantly higher MPS 
bone density compared to Class II individuals, suggesting 
that skeletal class impacts sutural characteristics and 
maturation patterns. Similarly, Angelieri et al.19 
demonstrated that variations in skeletal pattern 
influenced not only MPS but also ZMS development, 
particularly in patients undergoing orthopedic maxillary 
protraction therapy. 

Vertical skeletal discrepancies have also been shown 
to influence sutural maturation patterns. Oliveira et al.21 
found that dolichofacial individuals were more likely to 
present with immature MPS stages in adulthood, possibly 
due to decreased bone density and increased skeletal 
verticality. Festa et al.22 reported that MPS stages were 
significantly associated not only with age and sex, but also 
with vertical and sagittal growth patterns. In their study, 
hypodivergent and normodivergent subjects tended to 
exhibit more advanced maturation than hyperdivergent 
subjects, and Class III patterns were more prevalent in 
advanced MPS stages. 

Furthermore, recent studies have revealed the close 
developmental relationship between the spheno-occipital 
synchondrosis, MPS, and ZMS, showing that SOS fusion 
correlates with suture closure patterns.23,24 However, 
many of these investigations did not stratify their samples 
by skeletal pattern, which may limit the reproducibility of 
their reference findings.25,26 To avoid these 
methodological limitations, we excluded individuals with 
Class II, Class III, or vertical skeletal anomalies, aiming 
instead to define a physiologic baseline pattern of sutural 
development in individuals with skeletal Class I 
relationships and a normodivergent growth pattern. We 
believe that such baseline data may help clinicians in the 
selecting the appropriate timing and modality of maxillary 
expansion techniques (RPE, MARPE, and SARME), 
particularly in borderline or ambiguous cases. 

In the present study, female subjects exhibited more 
advanced maturation stages of the midpalatal suture than 
males. In addition, a statistically significant sex-related 
difference was observed in the closure status of the 
transpalatal suture, with a higher prevalence of closure 
among males. However, since TPS was evaluated as a 
binary variable (open/closed) without age stratification, 
no conclusion can be drawn regarding the chronological 
timing of TPS maturation in either sex. These findings are 
consistent with those of Jeon et al.,9 who reported that 
MPS maturation is influenced by both age and sex. The 
earlier and more advanced sutural maturation observed 
in females may be related to differences in pubertal 
growth timing and to the effects of estrogen on bone 
mineralization. Similarly, Jimenez-Valdivia et al.16 
reported that the MPS may reach Stage D around age 14 
in females, whereas this stage is typically reached later in 
males, at approximately 16 years of age. 

Clinically, these findings suggest that treatment 
planning for miniscrew-assisted rapid palatal expansion 
(MARPE) or surgically assisted rapid maxillary expansion 
(SARME) should take sex-related differences in sutural 
maturation into account. In the present study, females 
showed more advanced MPS maturation stages, whereas 
males exhibited a higher frequency of TPS closure. Taken 
together, these findings indicate that sex-related 
differences were most evident for MPS maturation and 
TPS status, while no consistent sex-based differences 
were observed for the remaining circummaxillary sutures. 
This pattern suggests that the influence of sex may be 
more pronounced in selected sutures rather than 
uniformly across the entire circummaxillary complex. 

Another notable finding of this study was the strong 
positive correlation observed between the maturation 
stages of the MPS and the pterygomaxillary suture (PMS). 
This supports the hypothesis proposed by Castro et al.17 
who suggested a functional relationship between the MPS 
and the PMS based on three-dimensional morphometric 
analysis. Anatomically, the PMS lies between the 
pterygoid process and the maxillary tuberosity, a region 
that may experience increased bone density in parallel 
with MPS fusion. Govaerts et al.13 also noted increased 
resistance in the PMS during advanced stages of MPS 
maturation, potentially limiting the success of non-
surgical expansion. The strong correlation observed in the 
Turkish population further supports the view that 
pterygomaxillary maturation may be closely related to 
MPS maturation. 

Although TPS and FMS showed positive correlation 
coefficients with MPS maturation, these associations 
were not statistically significant. This tendency is partly in 
line with previous reports suggesting that maturation of 
the MPS may be accompanied by changes in adjacent 
circummaxillary sutures. 12,17,18 However, since the 
present correlations did not reach statistical significance, 
these findings should be interpreted cautiously and 
cannot be considered conclusive evidence of a 
coordinated maturation pattern for TPS or FMS. 

The absence of a significant correlation between the 
MPS and the zygomaticomaxillary (ZMS) and 
zygomaticotemporal (ZTS) sutures suggests that these 
structures follow different developmental timelines. Ok et 
al.15 reported that the ZMS matures later than other 
sutures and may remain open even after MPS fusion. 
Similarly, Li et al.18 found that the ZTS follows a maturation 
pattern parallel to cranial base synchondroses, acting 
independently of the maxillary sutures. These findings 
indicate that the zygomatic complex undergoes a distinct 
biomechanical adaptation associated with functional 
loading and masticatory forces. 

In the present study, individuals aged 15 years and 
older more frequently exhibited Stage D–E MPS 
maturation. This observation is consistent with the 
findings of Govaerts et al.,13 who suggested that SARME is 
more appropriate in females over 15 years of age. 
Likewise, Castro et al.17 reported that rigidification of the 
PMS concurrent with MPS fusion may reduce the 
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effectiveness of MARPE. Therefore, rather than relying 
solely on chronological age, individual CBCT-based 
assessment of both MPS maturation and PMS status may 
provide a more objective approach to treatment planning.  

The findings of this study indicate that the selection of 
the appropriate maxillary expansion protocol should not 
rely solely on chronological age but should also consider 
the maturation status of the sutures. Advancement of the 
midpalatal suture to higher maturation stages may be 
accompanied by increased resistance in selected 
circummaxillary sutures, particularly the pterygomaxillary 
suture. This condition may reduce the effectiveness of 
miniscrew-assisted rapid palatal expansion (MARPE) and 
increase the need for surgically assisted rapid maxillary 
expansion (SARME).13,17 

Therefore, individualized CBCT-based assessment of 
MPS and PMS maturation before treatment planning may 
support more objective decision-making regarding the 
potential need for surgical intervention.6,19 In addition, 
the greater prevalence of advanced MPS stages in females 
suggests that orthopedic expansion may need to be 
considered earlier in female patients.9,16 Conversely, the 
delayed sutural maturation observed in males indicates 
that MARPE may remain feasible over a wider age range. 
Thus, sutural maturation should be taken into account as 
a sex-related factor during treatment planning. 

In Class III malocclusion cases treated with rapid 
maxillary expansion (RME) combined with facemask 
therapy, early maturation of the zygomaticomaxillary 
suture (ZMS) has been identified as a predictor of 
enhanced maxillary protraction efficiency. Patients with 
ZMS at Stages A–B exhibit greater anterior maxillary 
advancement compared to those at Stage C.19 Therefore, 
early identification of the maturation stages of not only 
the MPS but also the circummaxillary sutures may 
improve the outcome of expansion-plus-protraction 
protocols. Furthermore, previous reports have 
emphasized that the long-term stability of facemask 
therapy in Class III patients is closely associated with the 
growth pattern and sutural development; once sutures 
become rigid, skeletal advancement may be limited.27 

Future studies should evaluate sutural morphology 
not only through binary classification (open/closed) but 
also by incorporating quantitative parameters such as 
bone density (Hounsfield units), cortical thickness, and the 
ratio of trabecular to cortical bone structure. Moreover, 
longitudinally designed studies could more accurately 
describe the temporal dynamics of sutural closure during 
growth.15,18,28 

Although the current findings provide useful reference 
data for the Turkish population, similar studies in other 
ethnic groups are needed to further clarify the genetic and 
environmental factors influencing sutural maturation. The 
cross-sectional design of this study did not allow 
longitudinal observation of sutural development. 
Furthermore, binary classification of sutures as open or 
closed may oversimplify the complex continuum of 
morphological changes. Future studies incorporating 
high-resolution three-dimensional morphometric 

assessment, histological validation, and long-term follow-
up are recommended to achieve a more comprehensive 
understanding of sutural maturation and its clinical 
implications. 

Conclusions 

In conclusion, in this Turkish population, MPS 
maturation increased significantly with age and showed a 
significant association with PMS closure. Female subjects 
exhibited more advanced MPS maturation stages than 
males, suggesting a possible sex-related difference in the 
timing of sutural maturation. However, since no 
significant correlations were identified between MPS and 
several other circummaxillary sutures, the findings should 
be interpreted as supporting a selective rather than a 
generalized pattern of coordinated sutural maturation. 
These results may contribute to more individualized 
clinical assessment and treatment planning for orthopedic 
or surgically assisted maxillary expansion procedures. 
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