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1. Introduction

Despite China's declining fertility rate (1), the increasing 
recognition of the complex causes of rare diseases 
and their frequent association with other intricate 
conditions has brought heightened attention to these 
medical challenges (2). Pierre Robin Sequence (PRS) 
is a congenital disorder characterized by micrognathia, 
glossoptosis, and cleft palate, which collectively 
contribute to upper airway obstruction and feeding 
difficulties. According to the European guidelines, the 
diagnostic triad includes micrognathia, glossoptosis, and 
respiratory distress (3). Due to mandibular hypoplasia, 
PRS patients often experience posterior displacement of 
the tongue base, leading to airway obstruction, which can 
be life-threatening in severe cases (4). While progress 
has been made in understanding the mechanisms of 
airway obstruction and surgical interventions offer partial 
relief, the relationship between PRS and swallowing 
dysfunction remains poorly understood (5).

 Children with PRS often face feeding challenges 
primarily due to airway obstruction caused by 
glossoptosis and micrognathia, which disrupt normal 
swallowing mechanics. Research highlights significant 
abnormalities in both oral and esophageal motility, 
including sucking-swallowing discoordination, 
incomplete lower esophageal sphincter (LES) 
relaxation, and abnormal esophageal wave patterns (6). 
These dysfunctions may elevate the risk of aspiration 
pneumonia. Additionally, elevated LES tone and 
gastroesophageal reflux further impair swallowing 
and respiratory function (7). These abnormalities in 
esophageal dynamics are potentially associated with 
gastroesophageal reflux, which exacerbates swallowing 
difficulties and respiratory problems. Early palatoplasty 
combined with submucosal release procedures has been 
shown to effectively reduce the incidence of upper 
respiratory infections and gastroesophageal reflux, 
thereby improving swallowing function (8). However, 
since cleft palate repair is usually performed after the 
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SUMMARY: This study aims to evaluate the relationship between mandibular developmental abnormalities and 
swallowing function in children with Pierre Robin Sequence (PRS). Swallowing function was assessed by a Modified 
Kubota Drinking Test (MKDT). Pre- and postoperative CT scans of PRS patients who underwent Mandibular 
Distraction Osteogenesis (MDO) were analyzed through three-dimensional (3D) digital reconstruction technology. 
Mandibular and airway evaluation parameters were measured, including the distance between bilateral mandibular 
angular, the length of bilateral mandibular ramus, mandibular notch angle (α), mandibular angle (β), mandibular body 
angle (γ), and the lateral and longitudinal dimensions of the posterior lingual airway. Results showed that the length 
of the bilateral mandibular rami and posterior lingual airway dimensions were significantly reduced postoperatively 
compared to controls (p < 0.01). After MDO, the length of mandibular rami and lateral retroglossal airway dimensions 
increased, α and β angles increased, while γ angle decreased (p < 0.05). Notably, the distance between bilateral 
mandibular angles, mandibular rami length, and lateral retroglossal airway dimensions had the strongest impact on 
swallowing score. In conclusion, mandibular width, length, and airway dimensions were closely linked to swallowing 
function in PRS patients. MDO effectively improved mandibular hypoplasia, improved swallowing dysfunction, and 
significantly enhanced quality of life for the patients.
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age of 8 months, persistent swallowing difficulties 
in the interim can result in malnutrition, which may 
delay neurological and overall physical development, 
significantly impacting the child's health. Thus, 
PRS patients experience multiple factors that impair 
swallowing function, including abnormalities in oral and 
esophageal motility as well as gastroesophageal reflux. 
Comprehensive treatment should address airway and 
swallowing issues to reduce complications and improve 
quality of life (9).
 Mandibular Distraction Osteogenesis (MDO) is 
widely recognized as an effective treatment for PRS, 
promoting mandibular growth to alleviate airway 
obstruction and feeding difficulties (10). MDO improves 
health-related quality of life, particularly physiological 
outcomes (11). The use of distraction devices enables 
rapid mandibular advancement, which can effectively 
expand the airway and relieve respiratory distress within 
a short period (12). The application of 3D printing 
technology in MDO has demonstrated promising 
outcomes, facilitating surgical planning and reducing 
complications. While MDO has been extensively 
studied for alleviating airway obstruction, its effects on 
swallowing dysfunction remains unclear. Mandibular 
advancement is thought to indirectly benefit swallowing 
function by mitigating glossoptosis and improving 
airway patency (13). However, the precise relationship 
between mandibular morphological changes in the 
mandible and swallowing remains unclear. Despite these 
gaps, MDO is regarded as an effective treatment option 
that significantly improves PRS patients' physical health, 
emotional well-being, and quality of life (14).
 This study aims to evaluate mandibular morphology 
following MDO and examine how these morphological 
changes influence swallowing function. The ultimate 
objective is to optimize surgical treatment strategies 
and lay the groundwork for integrating digital-assisted 
MDO to simultaneously address airway obstruction and 
swallowing disorders in PRS patients. By achieving 
these goals, the study seeks to enhance long-term quality 
of life for affected individuals.

2. Patients and Methods

2.1. Study population

The study was approved by the Ethics Committee at 
Guangzhou Women and Children's Medical Center 
and written informed consent was obtained from all 
parents or other guardians prior to enrollment (approve 
#: 2024307A01). Additionally, the conduct of the 
research complies with the Declaration of Helsinki. In 
this study, 15 cases of isolated Pierre Robin Sequence 
were randomly enrolled from patients treated at the 
Department of Oral and Maxillofacial Surgery. Diagnosis 
of PRS was made based on the clinical consensus report. 
Ten cases with cleft palate were randomly selected as the 

control group. Exclusion criteria for the study were as 
follows: i) syndromic PRS; ii) severe cardiopulmonary 
disease; iii) head and neck tumors or trauma leading 
to changes in the local anatomical structure; iv) 
laryngomalacia, brain-induced central apnoea, or 
mixed apnoea; and v) other anomalies causing airway 
obstruction. MDO was performed on all 30 included 
patients according to previously described methods (15), 
and the mandibular distraction devices were removed six 
months later.

2.2. Swallowing function assessment, imaging 
acquisition, three-dimensional reconstruction and 
parameters analysis

First, the swallowing function of patients was assessed 
preoperatively and postoperatively using a quantitative 
swallowing function scale, primarily based on the 
Modified Kubota Drinking Test (MKDT). MKDT is a 
clinical assessment tool used to evaluate swallowing 
function, particularly in pediatric patients.
 Second, after computed tomography (CT) scanning, 
the images of preoperative and 6-month postoperative 
patients with PRS were collected. Mimics 21.0 image 
analysis software was used for reconstruction and 
analysis. The measurement parameters were as follows: 
i) distance between bilateral mandibular angular; ii) the 
length of bilateral mandibular ramus; iii) mandibular 
notch angle (α) formed by the anterior border of the 
mandibular ramus and the superior border of the 
mandibular body; iv) mandibular angle (β) formed by the 
posterior border of the mandibular ramus and the inferior 
border of the mandibular body; v) mandibular body angle 
(γ) formed by the bilateral mandibular bodies; vi) lateral 
and Longitudinal dimensions of the posterior lingual 
airway.

2.3. Statistical analysis

In this study, statistical analyses were conducted using 
SPSS software (version 22.0; IBM Corp., Armonk, NY, 
USA). A two-sample t-test was employed to assess the 
differences in various indices between the normal group 
and the preoperative group. A paired t-test was used 
to compare the indices between the preoperative and 
postoperative groups.
 Subsequently, variables that exhibited statistically 
significant differences were further analyzed using 
multiple linear regression. A stepwise regression analysis 
was performed to explore the impact of the selected 
covariates on the swallowing score. For all statistical 
tests, a significance level of p < 0.05 was considered 
to indicate statistical significance. SHapley Additive 
exPlanations (SHAP) algorithm (16) and multivariate 
logistic regression models were also used to assess 
the correlation between anatomical factors and the 
swallowing score before and after MDO.

(47)



Intractable & Rare Diseases Research. 2025; 14(1):46-54.                              www.irdrjournal.comIntractable & Rare Diseases Research. 2025; 14(1):46-54.                              www.irdrjournal.com

(48)

six months, the device guides bone growth (Figure 2B) 
and helps reconstruct the jaw morphology using mimics 
software. It can be visually observed that the mandible 
is significantly elongated, improving mandibular 
retrognathia and alleviating tongue prolapse (Figure 2).

3.2. Assessment of swallowing dysfunction in PRS 
patients

Preoperative assessments using the MKDT and clinical 
swallowing examinations revealed moderate to severe 
swallowing dysfunction in PRS patients (Figure 3). 
Symptoms included the need for nasogastric tube 
feeding, frequent choking during oral feeding, and 

3. Results

3.1. Imaging of the mandible with PRS using 3D 
reconstruction

Imaging results reveal that children with PRS often 
present with a shortened and small mandible (Figure 
1A, B and C), along with mandibular retraction, a 
significant posterior drop of the tongue base (Figure 
1D), and narrowing of the posterior lingual airway 
(Figure 1E).
 Mandibular lengthening is achieved through MDO, 
where a traction device is fixed at the mandibular angle 
to extend the length of the mandible (Figure 2A). Over 

Figure 1. Imaging data collection of patients with PRS, including reconstruction of the mandible and airway. (A) Lateral view of the mandible 
(right side); (B) Frontal view of the mandible; (C) Lateral view of the mandible (left side); (D) Lateral view of the airway; (E) Airway reconstruction. 
PRS, Pierre Robin Sequence.

Figure 2. Changes of mandibular morphology before and after traction osteogenesis in PRS. (A) Lateral and frontal view of the mandible 
before MDO; (B) Lateral and frontal view of the mandible after MDO. PRS, Pierre Robin Sequence; MDO, Mandibular Distraction Osteogenesis.
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weakened tongue and soft palate elevation strength, 
although masticatory muscle function was generally 
preserved. Postoperative assessments after MDO 
surgery demonstrated significant improvement in these 
symptoms.

3.3. Evaluation of mandibular morphology with PRS

The results showed that both the bilateral mandibular 
angular length and mandibular ramus lengths were 
significantly smaller in the PRS group compared to 
the control group (p < 0.01). This suggest that PRS 
mandibles are not only shorter in ramus length but 
also narrower in mandibular body width, which may 
contribute to airway stenosis (Figure 4A).
 Furthermore, the mandibular angle in the PRS group 
was smaller than in controls, likely due to the shorter 
ramus and body, while the relatively increased angle of 
the mandibular body might be linked to tongue retraction 
(Figure 4B).
 After MDO surgery, there was a significant increase 
in the bilateral mandibular angular and ramus lengths 
compared to the preoperative PRS group, indicating 

Figure 3. Modified Kubota Drinking Test Scale. Score 1: normal 
swallowing function, no choking or coughing observed, no changes 
in respiration during drinking; Score 2: mild difficulty swallowing, 
occasional choking or coughing observed, but no significant changes in 
respiration; Score 3: moderate difficulty, frequent choking or coughing, 
noticeable changes in respiration during drinking; Score 4: severe 
swallowing difficulty, inability to drink without aspiration, significant 
changes in respiration, often requiring interventions such as nasogastric 
tube feeding; Score 5: unable to swallow safely, complete dependence 
on alternative feeding methods (e.g., nasogastric or gastrostomy tube). 
Each level is determined based on the child's ability to drink a specified 
amount of water (often 3 mL or 30 mL) in one go, while observing for 
symptoms like choking, coughing, or changes in breathing patterns. 
PRS-MDO, PRS after MDO.

Figure 4. (A) Differences in mandibular length, including distance of bilateral mandibular angular and mandibular ramus (right side and left side) 
measurements between PRS and control groups following 3D reconstruction; (B) Differences in mandibular angle, including mandibular body, 
mandibular notch angle (right side and left side) and mandibular angle (right side, left side) measurements between PRS and control groups following 
3D reconstruction. CON, control group; PRS, Pierre Robin Sequence group. **p < 0.01 vs. CON group.
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Figure 5. (A) Differences in mandibular length, including distance of bilateral mandibular angular and mandibular ramus (right side and left side) 
measurements between PRS and after MDO groups following 3D reconstruction. (B) Differences in mandibular angle, including mandibular body, 
mandibular notch angle (right side and left side) and mandibular angle (right side, left side) measurements between PRS and after MDO following 
3D reconstruction. ***p < 0.01 vs. PRS group, *p < 0.05 vs. PRS group.

Figure 6. Differences in diameters of the retroglossal airway, including transverse and anteroposterior measurements among control, PRS 
and after MDO group following 3D reconstruction. Statistical significance is indicated by ***p < 0.01. PRS, Pierre Robin Sequence; MDO, 
Mandibular Distraction Osteogenesis.
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that MDO effectively improves mandibular morphology 
(Figure 5A). Additionally, the angle of the mandibular 
ramus increased, while the angle of the mandibular body 
decreased compared to the PRS group (p < 0.05) (Figure 
5B).
 The transverse and anterior diameter of the posterior 
lingual airway, which are indicative of airway stenosis, 
were significantly smaller in the PRS group — almost 
half the size of the control group (p < 0.01). After MDO 
surgery, these diameters increased significantly (p < 0.01) 
(Figure 6).

3.4. Multiple linear regression analysis of mandibular 
and airway morphology with swallowing function

A stepwise regression analysis was conducted to 
examine the impact of various anatomical factors on the 
swallowing score. Based on differential analysis, five 
covariates with statistically significant differences were 
identified: distance between bilateral mandibular angular, 
mandibular ramus (right side), mandibular ramus (left 
side), transverse diameters of the retroglossal airway, and 
anteroposterior dimension of the retroglossal airway. The 
result was consistent with multivariate logistic regression 
models (Figure 7A) and SHAP algorithm (Figure 7B). 
To address potential multicollinearity, a correlation 
analysis was performed. A strong positive correlation 
was observed between the distance between bilateral 
mandibular angular and the mandibular ramus (left side) 
(r = 0.864, p < 0.01).
 To minimize the impact of multicollinearity on the 
regression model, stepwise regression analysis was 
conducted in two approaches. First, using the distance 
between bilateral mandibular angular, after excluding 
the mandibular ramus (left side), stepwise regression 

analysis was performed with the distance between 
bilateral mandibular angular and the other covariates. 
The results indicated that the transverse diameters of the 
retroglossal airway (B = -0.246, t = -9.600, p < 0.001) 
and mandibular ramus (right side) (B = -0.088, t = -2.077, 
p = 0.046) were significant predictors of the swallowing 
score (dependent variable). Then using mandibular ramus 
(left side), after excluding distance between bilateral 
mandibular angular, stepwise regression analysis was 
performed with the mandibular ramus (left side) and the 
other covariates. The results showed that the mandibular 
ramus (left side) significantly influenced the swallowing 
score, with an unstandardized coefficient of B = -0.200 (t 
= -10.195, p < 0.001).
 By including either distance between bilateral 
mandibular angular or the mandibular ramus (left side) in 
separate models, multicollinearity was reduced, and the 
relationship between the covariates and the dependent 
variable was clarified. These findings highlight the 
importance of careful selection and evaluation of 
covariates in regression modeling.

4. Discussion

PRS is a congenital condition characterized by 
mandibular hypoplasia, glossopteris, which often leads 
to respiratory distress, feeding difficulties, and various 
other complications, all of which significantly impact 
patient survival rates (3). PRS has an incidence of 1 
in 8,500 to 1 in 30,000 live births. Mortality rates are 
significant, with an average of 16% across cases, but 
rising to 41.4% in severe forms. Reports indicate early 
infant mortality rates of 30% to 65%, driven by airway 
obstruction and feeding difficulties (5,17,18). Timely 
interventions, such as MDO, are crucial to improving 

Figure 7. Feature importance evaluation using the logistic regression (LR) model and SHAP algorithm. (A) The Importance (coefficients of 
features) ranking of features in LR model; (B) SHAP honeycomb diagram of the LR model. Each point represents a feature value, and different 
colors represent the final influence of the feature on the LR model output results, where red represents a larger SHAP value and blue represents a 
smaller SHAP value. TDRA, Transverse diameters of the retroglossal airway; ADRA, Anteroposterior diameters of the retroglossal airway; DBMA, 
Distance between bilateral mandibular angular; MRL, Mandibular ramus (left side); MRR, Mandibular ramus (right side); MAR, Mandibular angle 
(right side); MOAL, Mandibular notch angle (left side); MAL, Mandibular angle (left side); MBA, Mandibular body angle; MOAR, Mandibular 
notch angle (right side).
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outcomes.
 The findings of this study confirm that MDO 
effectively increases mandibular length and adjusts the 
mandibular angle, bringing it closer to normal. Studies 
using 3D morphological analysis reveal that different 
types of PRS patients exhibit distinct mandibular 
characteristics compared to normal children. These 
differences may be associated with factors such 
as condylar rotation direction, rotation angle, and 
mandibular body elongation (12). Furthermore, research 
shows that MDO may affect the temporomandibular 
joint (TMJ). Following unilateral mandibular distraction, 
anatomical changes and mild degenerative alterations 
in the TMJ may occur, but these changes generally 
resolve over time, indicating that the short-term effects 
of MDO on the TMJ are largely reversible (19). 
Studies on adult patients with hemifacial microsomia 
have shown that MDO effectively reduces recurrence 
rates, as demonstrated by improvements in the ratio of 
ramus length, body length, and the distance from the 
chin point to the facial midline (20,21). These findings 
underscore the significant impact even minor variations 
in mandibular length and angle can have on mandibular 
development in PRS patients, highlighting the critical 
importance of precise preoperative planning, surgical 
strategy, and postoperative evaluation to achieve optimal 
therapeutic outcomes. Furthermore, the use of Mimics 
3D reconstruction technology in this study enhances the 
accuracy of mandibular measurements (22). Scholars 
such as Chelsea L Reighard, have demonstrated that 
3D printing technology allows for precise prediction 
of postoperative mandibular changes, facilitating 
surgical planning, improving outcomes, and reducing 
complications (23).
 Mandibular morphology plays a critical role in 
swallowing function. As a key component of the oral 
system, the mandible directly influences essential 
oral functions like mastication and swallowing 
(24). Mandibular morphological features, such as 
the mandibular angle and ramus shape, are closely 
associated with masticatory muscle strength (25). 
In PRS patients, who typically present symptoms 
in the neonatal period before the establishment of 
dental arches, the position and shape of the mandible 
significantly impact the size of the oropharyngeal 
airway. For instance, mandibular retrognathia can 
reduce the size of the oropharyngeal airway and alter the 
hyoid bone's position, moving it upward and backward 
(26,27). This suggests that mandibular morphological 
abnormalities in PRS patients directly affect swallowing 
function. Our study results indicate that the lateral 
dimension of the retroglossal airway and the distance 
between bilateral mandibular angles are closely related 
to swallowing function.
 In PRS patients, mandibular shortening and 
retrognathia commonly result in glossoptosis and 
upper airway narrowing, which subsequently impair 

swallowing function (28). Accurate evaluation of 
swallowing dysfunction in these patients is essential. For 
mild cases, intermittent oral feeding paired with perioral 
stimulation can improve swallowing (28-31). In severe 
cases where swallowing difficulties compromise growth 
and development, MDO surgery is necessary. This 
procedure effectively elongates the mandible, increases 
the oropharyngeal airway volume, and improves 
swallowing function (32). Treatment strategies for PRS 
patients should consider both mandibular morphology 
and swallowing needs to ensure the most suitable 
approach (28). This study underscores MDO as one of 
the most effective treatments, improving airway patency 
and alleviating respiratory and swallowing dysfunction 
by lengthening the mandible.
 In summary, PRS is a congenital condition with a 
relatively low incidence but a high mortality rate. Early 
diagnosis and comprehensive treatment are essential 
for improving the survival rates of affected newborns. 
Treatment strategies should not only focus on alleviating 
airway obstruction but also address the impacts of 
swallowing dysfunction. Future research should aim 
to refine surgical indications for MDO, optimize 
preoperative planning, improve surgical techniques, 
and enhance postoperative care. Additionally, genetic 
testing plays a crucial role in personalized diagnosis and 
precision treatment (33). These advancements will help 
manage airway obstruction and swallowing issues more 
effectively, minimize secondary mandibular deformities, 
reduce surgical complications, and improve bone 
regeneration quality.
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