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Introduction: The soft palate, a fibromuscular structure extending from the posterior edge of the hard 

palate, exhibits dysfunction in conditions such as cleft palate. Understanding its diverse morphologies 

across pathological conditions is critical for precise diagnosis and treatment. This study aimed to 

assess the prevalence of distinct soft palate morphologies in individuals with cleft palate. 

Materials and Methods: This cross-sectional descriptive study involved patients with isolated cleft 

palate referred to the School of Dentistry at Guilan University of Medical Sciences between 2017 and 

2019. Lateral cephalometric radiographs were reviewed, starting from the most recent, until the 

required sample size was achieved. Only one radiograph per patient was analyzed, excluding 

duplicates. Images were captured using a Soredex Cranex with cephalostat attachment (Helsinki, 

Finland) in proper positioning and exposure. Radiographs were manually analyzed on a negatoscope 

with tracing paper (α = 0.05). 

Results: The results indicate that the Leaf-shaped type had the highest frequency, with 36 cases (40%), 

while the Straight-line and S-shaped types both had the lowest frequency, each with 5 cases (5.6%). 

Moreover, there was no significant relationship between gender and morphology type (P = 0.868). 

Also, the findings indicated no significant association between age group and morphology type (P = 

0.254). 

Conclusions: Overall, the soft palate morphology in individuals with cleft palate was predominantly 

Leaf-shaped, with no significant differences related to gender or age. These results indicate that soft 

palate type is independent of demographic factors in this population. Understanding these 

morphological patterns may aid in clinical assessments and treatment planning. 
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1. Introduction 
acial development initiates during the 
fourth week of embryogenesis with the 
emergence of medial nasal 
prominences, lateral nasal prominences, 
and maxillary prominences. Cleft lip arises 
from incomplete fusion of the medial nasal 

prominences (either with each other or the maxillary 
prominences), whereas cleft palate results from failed 
fusion of the palatal shelves (typically between weeks 8–
12 of gestation) (1, 2).  

The soft palate, a posterior fibromuscular extension of 

the palate connected to the posterior margin of the hard 

palate, comprises the levator veli palatini, tensor veli 

palatini, palatoglossus, palatopharyngeus, and musculus 

uvulae. It plays a vital role in swallowing, breathing, and 

speech (3). Dysfunction of the soft palate can result from 

various factors, including cleft lip and palate, enlarged 

adenoids, obstructive sleep apnea syndrome (OSAS), 

snoring, poorly maintained maxillary dentures, and 

craniofacial skeletal malocclusions. Understanding the 

normal anatomy and morphological variations of the soft 

palate is crucial for diagnosing and effectively managing 

these conditions (4, 5).  

Cleft palate, a congenital disorder influenced by 

geographic, racial, and socioeconomic factors, has a 

global prevalence of 1 in 500–2,500 live births. More 

specific epidemiological data indicate that orofacial clefts 

overall, including cleft palate, occur in about 1 in 1,000 

to 1,500 live births globally, which aligns with the 

general prevalence estimates often cited (6,7). Patients 

F 

 

Citation: Sharifipour Chokami H, Ostovarrad F, Javidi P, Tabari Khomeiran R, Rostami A. Prevalence of Soft Palate 

Morphologies in Patients with Cleft Palate: A Cross-Sectional Study (2017–2019). Journal of Dentomaxillofacial 

Radiology, Pathology and Surgery. 2025; 14(3): 7-14 

http://dx.doi.org/10.32592/3dj.14.2.-- 

mailto:Arezarostami74@gmail.com
https://orcid.org/0009-0006-7255-9745
https://orcid.org/0009-0006-7255-9745
http://dx.doi.org/10.32592/3dj.14.2.--
http://dx.doi.org/10.32592/3dj.14.2.--


  

 

 

 
  

Sharifipour Chokami H, et al. Prevalence of Soft Palate Morphologies in Patients with Cleft Palate: A Cross-Sectional Study (2017–2019). Journal of Dentomaxillofacial Radiology, Pathology and Surgery. 2025; 14(3): 7-14 

 

  

8 

often experience swallowing difficulties, speech 

impairments, and aesthetic concerns, necessitating 

surgical and prosthetic interventions to improve function 

and psychosocial well-being (8, 9).  

Velopharyngeal dysfunction (VPD) is a primary speech 

complication in cleft palate patients. Insufficient soft 

palate mobility impairs its seal with the posterior 

pharyngeal wall, causing hypernasality and articulation 

disorders (10). It refers to the impaired function of the 

movable structures responsible for controlling the 

velopharyngeal sphincter. Approximately 30 % of 

patients who undergo cleft palate repair surgery require 

secondary surgical intervention due to persistent 

velopharyngeal dysfunction. Understanding the normal 

anatomy and physiology of the velopharyngeal 

mechanism is the essential first step for an accurate 

diagnosis and effective treatment of children born with 

cleft lip and palate. The primary function of the 

velopharyngeal mechanism is to create a tight seal 

between the soft palate and the pharyngeal walls, thereby 

separating the oral and nasal cavities for various 

functions, including speech. 

Velopharyngeal closure is accomplished through the 

coordinated contraction of several muscles, including the 

levator veli palatini, musculus uvulae, superior 

pharyngeal constrictor, palatopharyngeus, palatoglossus, 

and salpingopharyngeus (11, 12).  

The primary goal of palatoplasty is to restore natural 

anatomy. Theoretically, palatoplasty improves the 

functional dynamics of the soft palate and pharyngeal 

walls by correcting dysmorphology in both the levator 

veli palatini and palatopharyngeus muscles (13). Pre- and 

postoperative anatomical assessments, along with short- 

and long-term outcome evaluations, enhance 

understanding of how different palatoplasty techniques 

influence soft palate structure. This is critical for 

optimizing velopharyngeal function, which underpins 

normal speech (14). 

The Need’s ratio (soft palate length/pharyngeal depth) 

serves as a diagnostic tool for assessing velopharyngeal 

function. In individuals with normal anatomy, this ratio 

ranges between 0.6 and 0.7. Among the six soft palate 

morphologies classified by the You et al. classification 

system, type 6 (Hook-shaped) demonstrates the highest 

soft-palate-to-pharyngeal-depth ratio (15, 16). 

Considering this issue, examining the type of soft palate 

morphology in patients with cleft palate can help in the 

early diagnosis and prevention of surgery caused by 

velopharyngeal dysfunction. Deepa et al. (17) 

demonstrated morphological variations of the soft palate 

in the Indian population and identified multiple shapes 

such as Rat-tail, Butt-shape, and Leaf-shape, with Rat-tail 

being the most common. It highlights no significant 

gender differences in soft palate types but notes 

variations in velar length with age and sex. Some shapes, 

like Hook-shaped, may increase the risk of 

velopharyngeal insufficiency or sleep apnea.  

Lateral cephalometric radiography is one of the most 

common extraoral radiographs after panoramic imaging, 

and it is applied in surgery and orthodontics treatment 

planning. It is used to measure anatomical distances and 

classify patients based on craniofacial morphology. As a 

standard diagnostic tool, it supports craniofacial 

assessment, treatment planning, progress monitoring, and 

outcome evaluation (18, 19). However, this technique 

projects three-dimensional craniofacial structures onto 

two-dimensional images, complicating accurate 

measurements even with optimal patient positioning (20). 

The main advantage of this technique is that the images 

obtained can be compared across different times and 

locations, allowing for the monitoring of growth, 

development, and treatment progress (21). 

The soft palate has different morphologies in various 

diseases. Therefore, determining the different normal 

shapes of the soft palate in patients helps in the diagnosis 

and successful treatment of many complex cases and 

different diseases (22). There is a significant knowledge 

gap regarding the detailed morphological characteristics 

of the soft palate in cleft palate patients within the 

regional population, as no prior studies have specifically 

examined soft palate morphology among cleft palate 

patients in Guilan or similar regional settings. This lack 

of localized morphological data limits the understanding 

needed for tailored diagnosis and treatment planning in 

this population. Therefore, this study aimed to determine 

the frequency of soft palate morphology types in 

individuals with cleft palate among patients attending the 

dental schools of Guilan University of Medical Sciences 

from 2017-2019 using accessible lateral cephalometric 

radiographs. 

2. Materials and Methods 

This retrospective cross-sectional descriptive study 

(ethical code IR.GUMS.REC.1398.443) was conducted 

on lateral cephalometric radiographs of 90 patients with 

isolated cleft palate who presented to the dental school at 

Guilan University of Medical Sciences from 2017 to 

2019. The patients had cleft palate based on radiographic 

images.  Automatic exposure settings with 60-90 kVp 

were used by the device to optimize the exposure 

conditions for each patient.  

The required sample size was calculated to be n = 89 

based on a single proportion formula, assuming a 95% 

confidence level, 80% power, and an anticipated 

prevalence of 50% with a precision of 10%. To 

compensate for possible dropouts and missing data, the 

sample size was increased to 90 participants (23).  

n = 
𝑧2 𝑝(1−𝑝)

𝑑2  = 
(1.96)2(0.37)(0.63)

(0.1)2  =89 

The sampling method of the study can be formally 

described as a systematic sampling approach with a 

reverse chronological order of selection. Specifically, 

lateral cephalometric radiographs of patients with cleft 

palate who met the inclusion criteria were systematically 
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reviewed starting from the most recent radiographs and 

moving backward to older radiographs until the 

predetermined sample size of 89 was reached. This 

method ensured up-to-date data while maintaining a 

representative sample within the defined study period 

from 2017 to 2019. Only one radiograph per patient was 

included, duplicates were excluded, and radiographs with 

suboptimal quality or prior surgical intervention were 

omitted to enhance data validity. The rationale for reverse 

chronological selection is typically to capture the most 

current clinical presentations and imaging quality while 

avoiding selection bias inherent to arbitrary sampling. 

Observers were blinded to demographic details (age and 

sex) to reduce classification bias.  

All lateral cephalograms were obtained using a Soredex 
Cranex (Helsinki, Finland) with cephalostat under 
standardized conditions. The patient's head must be 
properly positioned with no rotation or tilt, maintaining 
the midsagittal plane perpendicular to the floor to avoid 
cephalometric distortion. The image must demonstrate 
clear visualization of critical anatomical landmarks with 
sharp contrast and no motion artifacts. Proper occlusion 
of the teeth is essential to allow accurate skeletal and 
dental analysis. Images must be free from external 
artifacts or obstructions that could interfere with 
interpretation. In the present study, any radiographs 
showing positioning inaccuracies such as head rotation 
beyond acceptable limits, poor image clarity, or 
suboptimal exposure conditions were excluded from 
analysis to maintain data quality. Manual analysis was 
performed using a negatoscope  by one maxillofacial 
radiologist and one orthodontist, using tracing paper. The 
study employed the You et al. classification system (24) 
for soft palate morphology, comprising six types: The 
leaf-shaped form, in which the mid-portion is elevated 
toward the oral or nasal cavities; the rat-tail shaped type, 
characterized by anterior swelling with a distinct 
narrowing at the free edge; the butt-shaped form, which 
is short and wide with relatively uniform thickness; the 
straight-line type, showing a flat and planar 
configuration; the S-shaped (distorted soft palate), which 
presents an abnormal curvature resembling the letter “S”; 
and finally the hook-shaped form, where the posterior 
segment is curved anterosuperiorly, resembling a hook. 

In cases where the morphology of the soft palate was 
ambiguous or borderline, these instances were managed 

through a consensus decision process between the two 
observers—a maxillofacial radiologist and an 
orthodontist—who independently analyzed the lateral 
cephalometric radiographs. When disagreement occurred 
on classification using the You et al. system, the 
observers reviewed the cases jointly to discuss the 
features and reach a mutual agreement. This approach 
ensured the reliability and accuracy of morphological 
classification by minimizing subjective bias and 
improving diagnostic consistency in borderline cases. 

The inter-rater and intra-rater reliability for soft palate 
morphology classification were assessed using Cohen’s 
kappa coefficient, with values indicating excellent 
agreement. Cohen’s kappa was calculated by comparing 
the observed agreement between raters to the expected 
agreement by chance, expressed with a 95% confidence 
interval. Values above 0.80 were interpreted as near-
perfect agreement. Any classification disagreements 
were resolved through consensus discussions and joint 
image review to ensure consistent and reliable 
interpretation. This rigorous reliability assessment 
supports the robustness of the morphological data 
reported in this study. 

The descriptive analyses employed mean, frequency 
percentage, standard deviation, minimum, and maximum 
values. Statistical analysis was performed using Fisher’s 
exact test. Data processing was executed via SPSS 
software; version 19 and statistical significance 
was considered at 0.05.  

3. Results 

Based on the obtained results from Table 1, the number 
of participants in the study was equal in terms of gender. 
Moreover, the highest frequency is observed in the 15–
20-year age group, comprising 32 individuals (35.6%), 
while the lowest frequency is found in the 30–35-year age 
group, with 16 individuals (17.7%). 

Figure 1 represents the frequency distribution of 
different soft palate morphology types, based on You et 
al. classification system among individuals with cleft 
palate who attended dental schools at Guilan University 
of Medical Sciences. The results indicate that the Leaf-
shaped type had the highest frequency, with 36 cases 
(40%), while the Straight-line and S-shaped had the 
lowest frequency, with 5 cases (5.6%).

 

Table 1. Frequency and percentage distribution of patients by gender and age group. 

Category Group Count Percentage 

Gender Female 45 50.0% 
Male 45 50.0% 

Total  90 100% 
Age Group 15-20 32 35.6% 

20-25 18 20.0% 
25-30 24 26.7% 
30-35 16 17.7% 

Total  90 100% 
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Figure 1. Frequency of soft palate morphology types in individuals with cleft palate. 

 

Figure 2 illustrates the distribution of morphology types 

by gender, showing similar patterns in males and females, 

with no remarkable differences. In accordance with Fisher's 

exact test, there was no significant relationship between 

gender and morphology type (P = 0.868; Table 2). 

To analyze the relationship between morphology type 

and patient age group, Fisher's exact test was used, and 

the results are presented in Table 3. Figure 3 

demonstrates the distribution of morphology types across 

age groups, which followed a relatively uniform pattern. 

As shown, there was no significant association between 

age group and morphology type (P = 0.254; Table 3).

 

 

                                                                      
Figure 2. Distribution of soft palate morphology types by gender. 

 

Table 2. Summary of the results for soft palate morphology types by gender. 

Morphology type 
Gender 

P-value* 

Female Male 

Leaf-shaped n (%) 17 (37.8) 19 (42.2) 

P = 0.868 

Rat tail-shaped n (%) 14 (31.1) 10 (22.2) 
Butt-shaped n (%) 5 (11.1) 7 (15.6) 
Straight-line n (%) 2 (4.4) 3 (6.7) 
S-shaped n (%) 2 (4.4) 3 (6.7) 
Hook-shaped n (%) 5 (11.1) 3 (6.7) 

 
* Statistical analysis was performed using Fisher’s exact test; α = 0.05 
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Table 3. Relationship between soft palate morphology type and age group. 

Morphology type  Age groups  P-value* 

15-20 20-25 25-30 30-35 
Leaf-shaped n (%) 12 (37.5) 9 (50.0) 9 (37.5) 6 (37.5) P = 0.254 
Rat tail-shaped n (%) 5 (15.6) 5 (27.8) 9 (37.5) 5 (31.3) 
Butt-shaped n (%) 5 (15.6) 2 (11.1) 3 (12.5) 2 (12.5) 
Straight-line n (%) 3 (9.4) 2 (11.1) 0 (0.0) 0 (0.0) 
S-shaped n (%) 2 (6.3) 0 (0.0) 0 (0.0) 3 (18.7) 
Hook-shaped n (%) 5 (15.6) 0 (0.0) 3 (12.5) 0 (0.0) 
Total 100 % 100 % 100 % 100% 

 
* Statistical analysis was performed using Fisher’s exact test; α = 0.05 

 

                                                         
Figure 3. Frequency of morphology types in individuals with cleft palate based on age group. 

 

4. Discussion 

The present study aimed to investigate the prevalence of 

different soft palate morphologies in patients with cleft 

palate who were referred to the dental schools of Guilan 

University of Medical Sciences between 2017 and 2019. 

Among the 90 participants, 45 (50.0%) were female and 

45 (50.0%) were male. The age distribution revealed that 

the largest proportion of participants was in the 15–20-

year age group, comprising 35.6% (32 individuals), 

followed by the 20–25, 25–30, and 30–35-year age 

groups, accounting for 20.0% (18 individuals), 26.7% (24 

individuals), and 17.7% (16 individuals), respectively. 

Analysis of soft palate morphology, classified according 

to the You classification, indicated that the most common 

type was the leaf-shaped palate, observed in 40% (36 

individuals). This was followed by the Rat tail shaped 

(26.7%, 24 individuals), Butt shaped (13.3%, 12 

individuals), Hook-shaped (8.8%, 8 individuals), Straight 

line and S-shaped each one (5.6%, 5 individuals) 

morphologies. 

Clinically, the predominance of the Leaf-shaped soft 

palate in patients with cleft palate suggested a potential 

association with velopharyngeal dysfunction (VPD) risk. 

Since the morphology of the soft palate influences 

velopharyngeal closure efficiency, recognizing the leaf-

shaped pattern as predominant may aid clinicians in 

predicting VPD severity and tailoring early interventions. 

This anatomical insight can guide surgical planning by 

informing the choice of repair techniques aimed at 

optimizing velar length and mobility to improve speech 

outcomes. Therefore, assessing soft palate morphology 

preoperatively can enhance personalized treatment 

strategies and improve functional prognosis in cleft 

palate management (25). 

Ismail et al. (26) assessed the cephalometric association 

between various soft palate morphologies and different 

growth patterns and age groups in patients with skeletal 

Class I, II, and III malocclusion. The study included 96 

males and 286 females, aged 11 to 30 years. All patients 

were classified according to their skeletal malocclusion 

type. The obtained results revealed that leaf-shaped soft 

palate was the most prevalent morphology (43.2%), 

while Straight-line shape was the least common (2.9%) 

which was consistent with the results of our study. Also, 

the Leaf-shaped soft palate was the most frequent type 

across all skeletal malocclusion classes, growth patterns, 

and in both genders. Therefore, they found a significant 

association between soft palate morphology and both 

skeletal malocclusion type and gender. However, no 

significant association was observed between soft palate 

morphology and growth pattern.  
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Dahal et al. (27) investigated the morphological 

variations of the soft palate among patients. The observed 

morphological types of the soft palate were as follows: 

Rat-tail (42.4%), Leaf-shaped (40.8%), Butt-shaped (8.9 

%), Straight-line (4.7%), S-shaped (1.9%), and Hook-

shaped (0.9%). Among males, the distribution was rat-tail 

(44.4%), Leaf-shaped (41.1%), Butt-shaped (8.4%), 

Straight-line (3.9%), S-shaped (1.3%), and Hook-shaped 

(0.6%). In females, the frequencies were Rat tail-shaped 

(40.6%), Leaf-shaped (40.6%), Butt-shaped (9.5%), 

Straight-line (5.6%), S-shaped (2.5%), and Hook-shaped 

(1.2%). The most frequently observed morphological 

shape in this study is inconsistent with our findings. 

Hence, they concluded that, the Rat-tail form was the 

most prevalent soft palate morphology, followed by the 

Leaf-shaped type in both sexes, while the Hook-shaped 

form was the least common. No evidence of sexual 

dimorphism was found in the distribution of soft palate 

types.  

Chattopadhyay et al. (28) aimed to investigate the 

diverse radiographic morphologies of the soft palate 

using digital lateral cephalometry and evaluated the 

differences in morphological types across gender groups. 

Among the 300 patients, six distinct types of soft palate 

morphology were identified. The Leaf-shaped (52%) and 

Rat-tail shaped (25%) were the most prevalent, followed 

by Straight-line shape (9.3%), Hook appearance (7.3%), 

Butt-like (3.3%), and S-shaped/distorted soft palate 

(3%). They concluded that, the soft palate can be broadly 

classified into six morphological types. This 

classification enhances our understanding of velar 

morphology in the median sagittal plane and serves as a 

valuable reference for research into velopharyngeal 

closure in individuals with cleft palate, obstructive sleep 

apnea, and other related conditions.  In our study, the 

Leaf-shaped palate emerged as the most prevalent 

morphology. This was followed by the Rat tail-shape, 

Butt-shape, Hook-shape, respectively. Also, Straight-line 

and S-shaped types were the least common. 

Subramaniam et al. (29) evaluated the morphological 

diversity of the soft palate in 200 individuals. The results 

showed that the Rat tail-shaped soft palate was the most 

common type (40%), while the Butt-shaped type was the 

least common (2%) in both genders. In this study, neither 

the most frequent nor the least frequent soft palate types 

matched the findings of our research. These differences 

may be attributed to variations in ethnicity, geographic 

location, and sample size between the studies. 

Samdani et al. (23) conducted a study in the relationship 

between various soft palate shapes and types of 

malocclusion in both genders. The study consisted of 250 

individuals aged 14 to 28 years and all participants were 

assessed for the type of malocclusion, and the 

morphology of the soft palate was evaluated on digital 

lateral cephalograms, classified according to the six 

patterns described in the You classification. The results 

showed that the Rat tail-shaped soft palate was the most 

frequent (37.2%), while the S-shaped soft palate had the 

lowest frequency (6.8%) in both genders. Regarding the 

least common type, these findings were consistent with 

our study; however, in our study, the Leaf-shaped soft 

palate was the most prevalent, which differs from their 

results. 

Verma et al. (30), investigated variations of soft palate 

morphology in 300 subjects aged between 15 and 45 

years (mean age 31.32). This study examined soft palate 

types on lateral cephalograms and analyzed their 

correlation with gender and age groups, including the 15–

35 age range studied in our research. The most frequent 

soft palate type found was leaf-shaped (48.7%), 

consistent with the prevalence found in our study. The 

study further explored relationships between soft palate 

morphology and anatomical measurements relevant to 

velopharyngeal closure. 

The present study has several limitations. It was 

conducted at a single center, which may limit the 

generalizability of the findings. Selection bias is possible 

due to the recruitment method used. The use of 2D 

imaging restricts the ability to fully assess three-

dimensional anatomical details. Additionally, functional 

assessment of the patients was not included, limiting the 

evaluation of clinical implications. 

Future research should focus on investigating soft palate 

morphology using advanced 3D imaging techniques such 

as cone-beam computed tomography (CBCT) or 

magnetic resonance imaging (MRI) to capture detailed 

spatial anatomy. Including functional assessments like 

velopharyngeal closure evaluation through 

nasoendoscopy and nasometry would enhance 

understanding of the clinical implications of 

morphological variations. Additionally, exploring soft 

palate morphology differences across various cleft types 

and patients' surgical repair histories can provide insights 

into the impact of treatment on velar anatomy. Such 

studies would address the limitations of 2D imaging and 

lack of functional data in the present study, advancing 

comprehensive cleft palate assessment. 

5. Conclusions 

The present study demonstrated that the Leaf-shaped 

soft palate is the most prevalent morphology among 

patients with cleft palate, followed by Rat-tail and Butt-

shaped types, while the Straight-line and S-shaped types 

were least frequent. No significant associations were 

found between soft palate morphology and gender or age 

group. These findings are consistent with some previous 

studies but differ from others, indicating variability 

possibly due to ethnic and geographic factors. Clinically, 

understanding these morphological patterns can aid in 

tailored treatment planning and surgical interventions. 
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