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Abstract 

Background Assessment of midpalatal suture maturation on cone-beam computed tomography (CBCT) scans 
is performed by visual inspection and is therefore subjective. The extent to which the assessment of midpalatal suture 
maturation is affected by rater experience has not been adequately explored in the existing literature, thus limiting 
the availability of evidence-based findings. This study compared the outcomes of classification by dental students, 
orthodontic residents, and orthodontists.

Methods Three different groups of students, orthodontic residents, and orthodontists evaluated 10 randomly 
chosen CBCT scans regarding midpalatal suture maturation from a pool of 179 patients (98 female and 81 male 
patients) aged 8 – 40 years which were previously classified by evaluating CBCT scans. The pool was set as benchmark 
utilizing midpalatal suture maturation classification by one examiner (OsiriX Lite version 11.0; Pixmeo SARL, Bernex, 
Switzerland). For assessment of intra-rater reliability of the examiners of each group the randomly chosen subjects 
were reclassified for midpalatal suture maturation after a wash-out period of two weeks by using the same software. 
Statistical analysis was performed to evaluate intra- and interrater reliability of the three groups with differing experi-
ence level.

Results Groupwise intra-rater reliability assessment between the classification and reclassification was weak 
for examiners with a low level of experience (k = 0.59). Orthodontists had highest degree of agreement with regard 
to benchmark classification with an inter-rater reliability to be considered as moderate (k = 0.68).

Conclusions Assessment of midpalatal suture maturation on CBCT scans appears to be a subjective process 
and is considerably related to the experience level of the examiner. A high level of clinical experience seems to be 
favorable but does not necessarily ensure accurate results.
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Background
Rapid maxillary expansion (RME) is a common ortho-
dontic procedure used to treat transverse discrepancies. 
Although surgically assisted RME, also known as surgi-
cally assisted rapid palatal expansion (SARPE), is more 
frequently employed in adults, conventional RME is typi-
cally performed in children and adolescents [1]. The need 
of SARPE is determined on the basis of distinct features. 
Skeletal involvement is indicated by the presence of more 
than two teeth in a crossbite [2], and a presence of at least 
5% ossification of the midpalatal suture indicates the 
need for SARPE since it can increase the transverse osse-
ous resistance to conventional expansion [3]. The find-
ings of finite element analysis indicate that the material 
properties of the midpalatal suture and the circummax-
illary sutures have a significant impact on the pattern of 
expansion [4], this indicates that the characteristics of the 
sutures play a significant role in maxillary expansion.

On the basis of a visual examination of cone-beam 
computed tomography (CBCT) results, Angelieri et  al. 
classified the sutural appearance of the midpalatal suture 
into five maturation stages (A–E). Angelieri et. state 
that the stages A and B were not anticipated to exhibit 
greater bone resistance, and when stages D and E were 
identified, surgically assisted therapy was recommended 
[5]. However the recommendations made were based on 
qualitative assessment of the midpalatal suture, without 
performing and measuring outcome of surgical inter-
vention or consideration of ossification as a measured 
parameter.

The reliability of diagnostic evaluations is crucial to 
minimize errors and ensure consistent outcomes, regard-
less of variables such as the examination environment, 
the time of assessment, and the examiner [6]. Reliable 
means of assessing midpalatal suture maturity could 
enhance the selection of optimal treatment strategies for 
the patient [7]. As the classification approach proposed 
by Angelieri et  al. employs CBCTs, which result in a 
higher radiation dose, it is crucial to ensure the reliabil-
ity of the assessment. This is particularly significant since 
the classification using CBCT has been suggested for 
patients aged between 14 and 18 years [8].

Thus, although classification based on the criteria by 
Angelieri et  al. showed strong to moderate agreement 
for intra-examiner and inter-examiner agreement [9], 
the ratings themselves may be affected by the experi-
ence level of the rater. It has been shown that classifica-
tion of midpalatal suture maturation performed by visual 
inspection by humans, is not free of subjectivity and 
requires a high level of technical sensitivity [10]. This is 
supported by another investigative study on the reliabil-
ity of midpalatal suture maturation evaluation via CBCT 
imaging, which found the inter-examiner reliability to be 

moderate to weak, and thereby advise that the applica-
tion of this approach should be considered with caution 
[11]. The assessment of midpalatal suture maturation 
necessitates extensive training for the examiner [12].

The aim of this study was therefore to evaluate the 
influence of raters’ experience on the classification of 
midpalatal suture maturation. For this we compared 
the performance for midpalatal suture maturation stage 
assessment, as described by Angelieri et al., of dental stu-
dents, orthodontic residents, and orthodontists.

The null hypothesis was that the assessed maturation 
stage of the midpalatal suture would show no differences 
among the groups.

Methods
Ethical approval for this observational comparative study, 
which utilized retrospectively analyzed data, was pro-
vided by the Ethics Committee of the University of Wit-
ten/Herdecke (approval no. 291/2021). The original pool 
of CBCT images was obtained from 547 patients who 
were treated at the Dental Clinic of the University of Wit-
ten/Herdecke, Germany in the years 2015–2016. Sample 
size determination was not undertaken for this prelimi-
nary study.

All CBCT images were generated in Digital Imaging 
and Communications in Medicine (DICOM) format with 
GALILEOS Comfort (Sirona Dental Systems GmbH, 
Germany) at an X-ray exposure of 85 kV and 5–7 mA 
(14 s; field of view: 150 × 150 mm, 200 singular images), 
yielding a voxel size of 0.027  mm3 and slice thickness of 
300 µm.

The inclusion criteria for this study were as follows: 
patients aged between 8 and 40  years who had not 
received prior orthodontic or surgical treatment and had 
a CBCT image of adequate quality.

Patients with a history of craniofacial anomalies such 
as cleft lip and palate, cysts or tumors in the maxillary 
region, and CBCT scans with subjectively insufficient 
image quality were excluded.

The patient data were pseudonymized at the source. All 
CBCT scans were analyzed using OsiriX Lite version 11.0 
(Pixmeo SARL, Bernex, Switzerland) in a dark room with 
an X-ray reporting monitor under the same screen set-
tings. The 179 CBCT images were initially assessed and 
classified by a single examiner, a dentist who had received 
training in CBCT diagnosis. This examiner utilized 
dynamic free scanning to classify the images based on the 
classification system developed by Angelieri et al. [5]. We 
refer to the existing literature for the exact definitions of 
each class.

A second opinion from an experienced and trained 
orthodontist in CBCT diagnosis was sought when there 
were uncertainties regarding the classification. Through 
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collaboration, a mutually agreed upon classification was 
established.

Subsequently, for a sample of 60 CBCT images selected 
randomly, an additional measurement was conducted 
two weeks later in order to assess the intra-rater reliabil-
ity. The examiner’s classification was set as the bench-
mark for the following assessments by the three examiner 
groups.

A total of ten CBCT scans were selected at random, 
while ensuring that all defined stages were included at 
least once. These scans were assessed by three distinct 
groups of investigators, comprising dental students, 
orthodontic residents, and practicing orthodontists (each 
group comprised of five examiners). The assessment was 
conducted using a dynamic free-screening procedure. 
The examiners performed an independent evaluation 
and were required to orient the CBCT slices themselves, 
as instructed in training, to analyze midpalatal suture 
maturation. The number of examiners in each group was 
based on the study by Obuchowski, in which medical 
imaging studies were performed by 5–10 examiners [13]. 
The examiners were provided with training materials and 
an evaluation scheme in the form of a handout describ-
ing the radiological features at each maturity stage and 
accurate figures and flowcharts as described by Angelieri 
et  al. to assess the midpalatal suture maturation stage. 
Prior to the assessment of the ten selected CBCT scans, 
all examiners were provided five different CBCT scans 
for training purposes. Examiners who had not acquired 
CBCT expertise were instructed using the software. 
Students were selected from higher semesters to ensure 
that they had adequate anatomical knowledge. A repeat 
assessment was performed after two weeks to measure 
the intra-rater reliability for each examiner. The software 
programs Medas (EDV Grundysteme, Margetshöchheim, 
Germany) and IBM SPSS Statistics 29 (IBM, Armonk, 
USA) were used for statistical analyses. Data distribu-
tion was analyzed using descriptive statistics and the 
Kolmogorov–Smirnov test. Weighted Cohen´s kappa was 
employed to determine the intrarater reliability for the 
benchmark classification and for inter- and intraexaminer 
agreement of the pooled performance for each group of 
dental students, orthodontic residents and orthodontists. 
Additionally, the agreement to the benchmark classifi-
cation for each group was assessed using Cohen’s kappa 
(k). The interpretation of kappa values was conducted in 
accordance with McHugh’s classification system, which 
categorizes the level of agreement as follows: k ≤ 0.20 as 
none, k = 0.21 ≤ 0.39 as minimal, k = 0.40 ≤ 0.59 as weak, 
k = 0.60 ≤ 0.79 as moderate, k = 0.80 ≤ 0.90 as strong, and 
k > 0.90 as almost perfect [14].

For the level of intra-rater reliability exhibited by 
the individuals, a Kendall-tau correlation analysis was 

conducted and assessed in accordance with the classifi-
cation system established by Chan, in which ratings of 
r < 0.3 were deemed poor, r = 0.3 ≤ 0.5 were considered 
fair, r = 0.6 ≤ 0.8 were categorized as moderately strong, 
and r > 0.8 were characterized as very strong correlation 
[15].

In addition to evaluate the deviation from the bench-
mark classification and compare the respective groups 
for diagnostic performance, stages A-E were coded in 
numbers 0–4. The classified values were summed for the 
respective examiners and the values of the benchmark 
classification were subtracted. Finally, the mean values 
for the respective groups were calculated, in analogy to 
the study of Barbosa et  al. utilizing median values [16], 
and Wilcoxon pairwise comparison analysis was per-
formed to compare for significant differences between 
the groups. The significance level for all statistical tests 
was set at p < 0.05.

Results
Intra‑rater reliability for the benchmark classification
A strong intra-rater reliability (k = 0.85) for the bench-
mark classification, which involved classifying 179 CBCT 
scans and reclassifying 60 CBCT scans by one examiner, 
could be demonstrated.

Intra‑rater and inter‑rater reliability for ten randomly 
chosen CBCTs for group performance
Student 1 showed poor and insignificant intra-rater reli-
ability (tau = 0.2973, p = 0.23). Student 5 also showed 
insignificant but fair correlation (tau = 0.3244, p = 0.19), 
whereas student 2 showed a very strong correlation 
(tau = 1.000, p < 0.001). The other two students showed 
moderately strong correlation for intra-rater reliability 
(tau = 0.6494, 0.6844; p < 0.001).

For the pooled group of students the intra-rater relia-
bility after a wash-out period of two weeks was to be con-
sidered as weak (k = 0.59).

Four orthodontic residents showed very strong intra-
rater reliability (tau > 0.8, p < 0.001), of which one showed 
moderately strong intra-rater reliability (tau = 0.78, 
p < 0.05).

Intra-rater reliability according to weighted Cohen´s 
kappa for the group performance of orthodontic resi-
dents showed a strong level of agreement (k = 0.81) at the 
end of the wash-out period.

Three orthodontists showed very strong intra-rater reli-
ability (tau > 0.8, p < 0.001) and two orthodontists showed 
moderately strong intra-rater reliability (0.7 < tau < 0.8, 
p < 0.05).

Weighted Cohen´s kappa analysis (k = 0.74) showed 
a moderate level of intra-rater agreement for the group 
after two weeks for orthodontists.
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Inter-rater reliability of the three groups for the assess-
ment of the ten CBCTs was to be considered as minimal 
(Table 1).

Agreement level of the groups with regard 
to the benchmark classification
The degree of agreement between the benchmark clas-
sification and the actual classification is illustrated in 
Table 2. This table demonstrates a maximum deviation of 
three stages for all groups and the highest percentage of 
exact agreement for the orthodontists.

Comparison of the performance of the groups in terms 
of deviation from the benchmark classification and 
diagnostic precision, showed that the assessments per-
formed by the orthodontists were significantly closer to 
the benchmark classification than those reported by the 
students (p < 0.05). However, no significant differences 
were observed in diagnostic performance between ortho-
dontists and orthodontic residents and between ortho-
dontic residents and students (p > 0.05) (Table 3, Fig. 1). 
This is supported by weighted Cohen´s kappa analysis 

for inter-rater reliability with regard to benchmark clas-
sification, which was minimal for the group of students 
(k = 0.34), and weak for orthodontic residents (k = 0.46) 
whereas orthodontists showed a moderate level of agree-
ment (k = 0.68).

Discussion
Visualization and classification of the appearance of 
the midpalatal suture by CBCT images and its poten-
tial impact on treatment modality has been proposed by 
Angelieri et al. [5]. This proposal is not without contro-
versy as resistance to maxillary expansion is influenced by 
multiple factors, which include not only intrinsic proper-
ties of the midpalatal suture but constraints imposed by 
surrounding structures [17]. Additionally no correlation 
could be found between ossification and the proposed 
classification stages, therefore the scientific rationale of 
the classification method has been questioned [18]. It has 
also been stated that the classification still lacks validity 
and is influenced by image quality and the examiner cali-
bration, as interpretation of the midpalatal suture matu-
ration stage is subjective [11]. This introduces potential 
variability in assessments among different examiners. 
The literature on the reproducibility of staging is incon-
clusive, and it has been suggested that future studies 
should include at least two examiners and a strict train-
ing protocol [8]. Our study compromises three different 
groups of examiners in terms of experience level, and 
each group consists of five examiners, and a training pro-
tocol was instituted.

Table 1 Inter-rater reliability between the groups regarding 
diagnostic performance for ten randomly chosen CBCTs

k weighted Cohen´s kappa

Examiners k

Students vs. Orthodontic residents 0.33

Students vs. Orthodontists 0.27

Orthodontic residents vs. Orthodontists 0.39

Table 2 Deviation of agreement with the benchmark classification of the three groups with different experience level

Agreement level % Students % Orthodontic residents % Orthodontists % Total

Exact agreement 40.0 60.0 72.0 57.3

1 Stage disagreement 32.0 16.0 20.0 22.7

2 Stages disagreement 18.0 10.0 0.0 9.3

3 Stages disagreement 10.0 4.0 8.0 10.7

4 Stages disagreement 0.0 0.0 0.0 0.0

Table 3 Wilcoxon pairwise comparison of deviations from the benchmark classification

n number of patients, SD standard deviation, p p-value, CI confidence interval
* p-value < 0.05

Pairwise group comparison n mean SD median 68%—CI p

Students 10 0.980 0.512 1.000 0.600 1.514 0.24

Orthodontic residents 10 0.780 1.000 0.300 0.086 1.658

Students 10 0.980 0.512 1.000 0.600 1.514 0.027*

Orthodontists 10 0.440 0.470 0.200 0.000 1.000

Orthodontic residents 10 0.780 1.000 0.300 0.086 1.658 0.63

Orthodontists 10 0.440 0.470 0.200 0.000 1.000
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The assessment for classification of midpalatal suture 
maturation in CBCT scans in our study had to be per-
formed dynamically by scrolling to simulate a realistic 
clinical scenario, thereby enhancing the practical appli-
cability of our findings. Barbosa et  al. in contrast pro-
vided prepared axial slices of the midpalatal suture for 
the examiners as described by Angelieri et al. [5, 16]. This 
distinction is also important because examination of all 
midpalatal suture segments for assessment of the maxil-
lary anatomy can be difficult when assessing a single slice.

The intra-rater reliability of the benchmark classifica-
tion in this study was very strong. It can be inferred that 
the experience level of the benchmark examiner was 
likely high, considering 179 assessed CBCTs, which may 
have contributed to the high level of intra-rater agree-
ment. A strong intra-examiner reliability for midpalatal 
suture classification using CBCT scans in adults was also 
reported by Angelieri et  al. [19]. The use of multi-slice 
computed tomography (CT) scans to assess midpalatal 
suture maturation has shown to be reliable and reproduc-
ible [16], though it should be noted that our study uti-
lized CBCT scans.

In this study, calibration of examiners was performed 
before evaluations in the three different groups, in 
accordance with the recommendations of a previous 
study [11]. However, unlike previous studies that used 
Cohen’s kappa values to evaluate intra-rater reliability 
[11, 16], Kendall’s tau correlation was additionally cal-
culated in the present study. The use of Kendall ‘s tau 

correlation for assessment of intra-rater reliability has 
been reported in the literature [20], and this correlation 
analysis has been shown to be accurate for small datasets 
[21].

To our knowledge and on the basis of our review of 
the literature, only one study has compared the diagnos-
tic performance of students and orthodontists for mid-
palatal suture classification using CBCT scans showing 
no significant difference regarding the experience level 
of the examiners. The results are restricted as the num-
ber of examiners were limited to one person per group 
[22]. Another study analyzed the performance of ortho-
dontists and radiologists to classify the mipalatal suture 
maturation on CBCTs. Though it was stated they had 
varying level of experience, all were specialists in their 
field and thereby a high level of overall clinical experi-
ence could be assumed [16]. Our findings showed sig-
nificant differences in the diagnostic performance of 
orthodontists and dental students, indicating that mid-
palatal suture maturation classification is related to the 
experience level of the examiner. These findings are in 
contrast to those obtained for volumetric cephalometric 
landmark identification, wherein inexperienced raters 
showed better performance than experienced raters in 
a comparison of dental students and orthodontic resi-
dents [23]. Nevertheless, significant differences between 
experienced practitioners and dental students have been 
reported for accurate measurement of the mandibu-
lar anatomy in CBCT scans [24]. These findings imply a 

Fig. 1 Boxplot diagram of the three examiner groups and their respective deviations from the benchmark classification; p = p-value
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major knowledge gap in the use of CBCT scans among 
dental professionals and indicate the need for adequate 
training [25].

In this study, none of the orthodontists showed almost 
perfect or no correlation for inter-rater reliability, but 
one dental student and one orthodontic resident showed 
almost perfect correlation. This may imply either very 
good conformity or very high bias owing to the previous 
classification. A notable aspect is that the classifications 
were performed unsupervised after calibrating the exam-
iners. Nevertheless, since the median deviation from the 
benchmark classification for dental students was 1.0, in 
general, the error for students was approximately one 
classification stage, while it was lower for orthodontic 
residents and orthodontists. The group of orthodontists 
showed highest relative agreement of 92% and the least 
mean deviation with regard to the benchmark classifica-
tion indicating that a high level of experience is neces-
sary for the assessment of midplatal suture maturation 
stages. The inter-rater reliability was minimal between 
the groups of experience level and not higher than mod-
erate with regard to benchmark classification indicating 
that the method is not free of subjectivity.

The study’s prospective nature allows for meaning-
ful comparisons between diverse examiner groups with 
varying levels of experience. The preliminary study is 
subject to certain limitations that must be taken into 
consideration. The within-group classification employs a 
relatively small sample size, which may affect the preci-
sion of the results. In order to assess the performance of 
midpalatal suture maturation, a subsample of 10 CBCT 
images was randomly selected from the original dataset. 
This approach may have resulted in certain stages being 
underrepresented, potentially impacting the generaliz-
ability of our findings. Therefore, to validate our find-
ings, future studies with a more comprehensive sample 
that is representative of all stages would be beneficial. 
While we followed the ALARA (As Low As Reasonably 
Achievable) principle for radiation safety in our study, we 
acknowledge that the ALADAIP (As Low As Diagnosti-
cally Acceptable being Indication-oriented and Patient-
specific) guideline would have been a more appropriate 
framework, especially for aligning radiation dose with the 
diagnostic necessity in pediatric imaging [26].

Conclusions
The classification of midpalatal suture maturation on 
CBCT scans by visual inspection seems to be related to 
the experience level of the examiner. High level of experi-
ence seems favorable but does not necessarily ensure reli-
able assessment.
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