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ABSTRACT 

Background: A large percentage of the population suffers from obstructive sleep 

apnea (O.S.A.). Obesity, anomalies in the anatomy of the upper airway, and 

hormonal impacts are all factors that can predict the occurrence of O.S.A. This 

work aimed to describe the different levels and patterns of collapse during 

nasopharyngoscopy (Muller's maneuver) among patients with OSA. 

Methods: This cross-sectional research involved 62 cases diagnosed as 

obstructive sleep apnea who underwent fibro-optic nasopharyngoscopy in the 

phoniatric unit, E.N.T. department, faculty of Medicine, Zagazig University, from 

August 2023 until August 2024. 

Results: Apnea hypopnea index ranged from 5.3 to 110, with a mean of 33.75. 

Minimum oxygen saturation ranged from 40 to 93%, with a mean of 76.31%. The 

commonest pattern of retropalatal closure was concentric in 59.7%, while 66.1% 

of patients had a lateral obstruction in the retro-laryngeal part, and 61.3% had no 

closures in the hypopharyngeal part. The mean grades of closure of the retropalatal 

and retrolaryngeal parts were 76.05% and 67.74%, respectively. The median grade 

of closure of the hypopharyngeal part was 0%. 

Conclusion: Muller's maneuver could be crucial in identifying the level, pattern, 

and grade of upper airway obstruction, which will serve as the basis for the 

management plan and type of surgery. 

Keywords: O.S.A., Muller Maneuver, nasopharyngoscopy, Upper Airway 

collapse 

 

INTRODUCTION 

bstructive sleep apnea (O.S.A.) is characterized 

by recurrent episodes of airway narrowing or 

obstruction while sleeping. When airflow becomes 

restricted, the body reacts by waking up the brain 

and sympathetic nervous system, which in turn 

disrupt gas exchange and cause symptoms like 

oxygen desaturation, hypercapnia, and disturbed 

sleep [1]. 

People with sleep apnea are known to snore loudly, 

wake up gasping for air or choking, wake up 

multiple times during the night, and feel exhausted 

even after receiving enough sleep. Additionally, the 

severity of the condition is associated with 

increased frequency and severity of symptoms such 

as dry throat, headaches, and daytime sleepiness,  

 

 

which can impact daily activities such as watching 

television, driving, and working [2].  

Although polysomnography (PSG) is the most 

reliable method for diagnosing O.S.A. and 

determining its severity, it does not reveal anything 

about the apnea's physiopathology. From a surgical 

perspective, it is unfortunate that P.S.G. cannot 

reveal the location of the blockage or the pattern of 

airway collapse. Consequently, a plethora of 

diagnostic tools and techniques have been created. 

When diagnosing O.S.A., the standard method of 

looking at the upper airway anatomy is via a fibro-

optic nasopharyngoscopy examination. These 

individuals' prognosis and treatment planning 

O 
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depend critically on the detection of collapse zones 

[3].  

The most crucial aspect of evaluating O.S.A. is 

conducting a thorough clinical examination of the 

entire airway in order to identify blockage locations 

with high accuracy. The majority of the treatment 

procedures for sleep apnea have focused on treating 

specific areas. However, there are some that aim to 

enlarge the upper airway or maintain the airway 

patent to avoid collapse. So, bad things can happen 

if the places of collapse aren't correctly identified 

[4].  

To find the points of collapse in the upper 

respiratory tract (URT) of awake patients, whether 

they are sitting or supine, the most common and 

straightforward examination procedure is Muller's 

maneuver [5]. Muller maneuver-induced pharyngeal 

collapse is strongly associated with OSAS severity, 

and the procedure seems to have been confirmed in 

sleep apnea [6]. 

The upper airway caliber in obstructive sleep apnea 

is affected by several anatomical factors, such as 

The most common cause of upper airway 

obstruction during sleep is the fact that the pharynx 

is not rigidly supported anywhere other than at its 

two ends, the larynx and the very top and very 

bottom. As a result, the area of the pharyngeal 

cross-section will change depending on the pressure 

within the lumen [7]. Abnormal upper airway 

anatomy, resulting in a smaller cross-sectional area, 

is an important factor contributing to OSA [8]. 

Pharyngeal collapse during sleep occurs most 

commonly in the retropalatal region. This segment 

of the upper airway is most prone to collapse 

because it is the narrowest part of the airway and 

has the greatest compliance. Airway obstruction 

may also occur in the retrolingual, hypopharyngeal, 

and epiglottic regions [9]. 

Volumetric M.R.I. studies of soft tissues, such as 

the tongue, parapharyngeal fat pads, and enlarged 

lateral pharyngeal walls, have been shown to 

significantly impact the airway lumen in obstructive 

sleep apnea  [10]. 

The upper airway can become restricted due to a 

diminutive maxilla, a high and narrowed palatal 

arch, and a short jaw that is retro positioned. The 

relationship of tongue volume to jaw size or 

craniofacial restriction has been shown to correlate 

with the severity of O.S.A. in both obese and non-

obese subjects [11]. So, this study aimed to 

determine the relevance of the pattern and grade of 

collapse in relation to the upper airway levels. 

 

METHODS 

This cross-sectional research involved 62 cases 

diagnosed with obstructive sleep apnea who 

underwent fibro-optic nasopharyngoscopy in the 

phoniatric unit, E.N.T. department, faculty of 

medicine, Zagazig University, from August 2023 

until August 2024. All participants provided written 

informed consent, and the research ethical 

committee of the Faculty of Medicine, Zagazig 

University, approved the study. The research was 

carried out in accordance with I.R.B. #: 10919-9-7-

2023, which is the code of ethics for studies 

involving human subjects as established by the 

World Medical Association (Declaration of 

Helsinki). 

Inclusion criteria: All patients with Apnea 

Hypopnea Index (AHI) ≥ 5/h according to P.S.G. 

results; aged more than 18 years from both sexes. 

Exclusion criteria: We excluded all cases who had 

P.S.G. results showing AHI < 5/h; patients with 

central sleep apnea; patients with mixed sleep 

apnea; patients with other known comorbidities that 

cause respiratory problems; and patients with 

known craniofacial or maxillofacial syndromes. 

All patients were subjected to the following: Full 

history taking, emphasizing O.S.A. symptoms as 

symptoms like hypersomnia, difficulties paying 

attention when awake, loud snoring, and gasping for 

air when sleeping or waking up with a dry mouth. 

STOP BANG Questionnaire, Epworth Sleepiness 

Scale (Arabic version), and Berlin Questionnaire 

(Arabic version) were scored [12]. 

P.S.G.: In the evening, the patient came to the sleep 

lab. The SOMNOmedics GmbH facility is located 

at Am Sonnenstuhl 63, D-97236 Randersacker, 

Germany. After the patient was checked in and 

changed into their sleepwear, a technician from the 

sleep lab attached all the necessary leads to 

complete the setup. Measurements were taken for 

airflow, snoring, pulse, blood pressure, SpO2, 

electromyogram, electrocardiogram, and 

electrogram. The raw data was collected and 

assessed at night after the recording ended in the 

morning [13]. 

The chief parameters considered in P.S.G. were the 

number of apneas, hypopneas, and AHI. Total sleep 

time (T.S.T.) and sleep efficiency. Baseline O2 

Saturation and Minimal SpO2. 

Fibro-optic nasal endoscopy: A fibro-optic 

nasopharyngoscopy was inserted from a patient's 

nostril to visualize the upper airway while in supine 

position by a fibro-optic endoscopy (Machida) 

connected to a camera (Cymo) with a video-
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recording system. The patient inhaled forcefully 

against a closed mouth and nose; thus, this 

maneuver was essentially the opposite of the 

Valsalva. Each level was examined both at rest and 

during the maneuver. At the same time, the patient 

lay in the supine position, and the results of the 

degree of collapse and pattern of collapse were 

recorded and compared. 

The levels examined by fibro-optic nasal endoscopy 

were nasal, retro-palatal, retro-lingual, and hypo-

pharyngeal levels. The degree of collapse varied 

from 25% in mild collapse, 50% in moderate 

collapse, and 75-100% in severe collapse. The 

collapse patterns were concentric, coronal, or 

transverse (sagittal). 

Study Procedures:  
Fiberoptic nasopharyngoscopy and laryngoscopy 

were utilized to evaluate the airway. This 

examination was performed in multiple positions 

and assessed at different levels, i.e., nasal, 

retropalatal, retrolingual, and hypopharyngeal 

(laryngeal) [14]. The effects of gravity and 

muscular tone are the primary changes between the 

dynamic architecture of the upper airway during 

sleep and wakefulness. Theoretically, MM 

performed in the supine position (MM-P) would 

reduce the impact of gravity, allowing for a more 

direct evaluation of muscle tone [15].  

Intervention Procedure Technique:  
In order to locate the retropalatal, retrolingual, and 

hypopharyngeal levels of the upper airway, Muller 

maneuvered a flexible endoscope through the nasal 

cavity [16]. In order to assess the severity of 

blockage during nasopharyngoscopy for O.S.A., the 

Muller maneuver—which involves forcing 

inspiration through a closed mouth and nose in the 

opposite direction of Valsalva—was developed 

[16]. Single- or multi-level upper airway blockages 

can be considered from a surgical perspective. 

Nasal, retropalatal, retrolingual, and laryngeal 

blockage were common levels. Depending on the 

degree of obstruction, treatment approaches and 

outcomes may vary [17].  

STATISTICAL ANALYSIS 
Version 28 of I.B.M.'s Statistical Package for the 

Social Sciences (SPSS) was used to analyze the data 

(I.B.M. Corp. Released 2021). (Armonk, NY: 

I.B.M. Corp., 2018). IBM SPSS Statistics for 

Windows, Version 28.0. For categorical variables, 

the absolute frequencies provided the best 

description. When doing parametric testing, it was 

necessary to confirm assumptions using the 

Kolmogorov-Smirnov test. According to the data 

type, quantitative variables were described using 

either the median and interquartile range or the 

means and standard deviations. Data that did not 

follow a normal distribution was compared using 

the Mann-Whitney test, while data that did follow a 

normal distribution was compared using the 

independent sample t-test. We utilized the Kruskal-

Wallis test (for data that does not follow a normal 

distribution) and the one-way ANOVA test (for data 

that does follow a normal distribution) to compare 

quantitative data between the two groups. Tukey's 

HSD and pairwise comparison were employed to 

identify significant differences between the two 

groups. Pearson correlation coefficients (for 

regularly distributed data) and Spearman rank 

correlation coefficients (for non-normally 

distributed data) were utilized to evaluate the degree 

and direction of correlation between two continuous 

variables. P<0.05 was chosen as the level of 

statistical significance. If p≤0.001, a highly 

significant difference was found. 

RESULTS 

This study included 62 patients aged 28 to 64 (47.26 

years). Males represented 61.3% of patients, and 

about 32% of patients were smokers. B.M.I. ranged 

from 26 to 50.7 kg/m2, with a mean of 36.9 kg/m2 

(Table 1).  

The apnea-hypopnea index ranged from 5.3 to 110, 

with a mean of 33.75. The minimum oxygen 

saturation ranged from 40 to 93%, with a mean of 

76.31% (Table 2). 

The commonest pattern of retropalatal closure was 

concentric in 59.7% of patients. In comparison, 

66.1% of patients had a lateral obstruction in the 

retro-laryngeal part, and 61.3% had no closures in 

the hypopharyngeal part (Table 3).  

The mean grades of closure of the retropalatal and 

retrolaryngeal parts were 76.05% and 67.74%, 

respectively. The median grade of closure of the 

hypopharyngeal part was 0% (Table 4). Bar chart 

showing a pattern of closure according to 

Nasopharyngoscopy: Muller's Maneuver (MM) 

(Figure 1). 
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Table 1: Demographic data of the studied patients 

 

 N=62 % 

Gender 

Female 

Male  

 

24 

38 

 

38.7% 

61.3% 

Smoking 

No 

Yes  

 

42 

20 

 

67.7% 

32.3% 

 Mean ± SD Range  

Age (year) 47.26 ± 9.16 28 – 64  

B.M.I. (kg/m2) 36.9 ± 5.88 26 – 50.7 

BMI: Body Mass Index 

 

Table 2: Polysomnography results of the studied patients 

 

 Median (IQR) Range  

Apnea hypopnea index  33.75 (12.6–66.2)  5.3 – 110 

   

 Mean ± SD Range  

Minimum oxygen saturation  76.31 ± 12.63 40 – 93% 

 

Table 3: Nasopharyngoscopy: Muller's Maneuver (MM) results of the studied patients according to pattern 

 

 N=62 % 

Pattern of Retropalatal   

Anteroposterior 

Concentric 

Lateral  

 

7 

37 

18 

 

11.3% 

59.7% 

29% 

Pattern of Retro-laryngeal  

Anteroposterior 

Concentric 

Lateral  

No  

 

11 

9 

41 

1 

 

17.7% 

14.5% 

66.1% 

1.6% 

Pattern of Hypo-pharyngeal 

Anteroposterior 

Lateral  

No  

 

6 

18 

38 

 

9.7% 

29% 

61.3% 

 

Table 4: Nasopharyngoscopy: Muller's Maneuver (MM) results of the studied patients according to grade 

 

 N=62 % 

Grade of closure Median (IQR) Range  

Retropalatal part 76.05 ± 17.37 20 – 100% 

Retro-laryngeal part 67.74 ± 19.54 0 – 100% 

 Median (IQR) Range  

Hypo-pharyngeal part  0(0 – 50) 0 – 90% 
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I QR: Interquartile Range 

 

Figure 1: Bar chart showing a pattern of closure according to nasopharyngoscopy: Muller's Maneuver (MM) 

 

DISCUSSION 

We conducted the present study to assess the 

severity and pattern of upper airway collapse in 

patients with Obstructive sleep apnea. The 

participants in this study were selected from patients 

who attended the outpatient clinic of the Zagazig 

phoniatric unit. Three patients were excluded due to 

the presence of central or mixed sleep apnea. This 

study included 62 patients with an age range from 

28 to 64 years (mean age: 47.26 years). Males 

represented 61.3% of patients. About 32% of 

patients were smokers. B.M.I. ranged from 26 to 

50.7 kg/m2, with mean B.M.I. 36.9 kg/m2. 

The correlation between gender and the apnea-

hypopnea index was not statistically significant, nor 

was it with smoking. The apnea-hypopnea index 

and body mass index did not correlate significantly.  

This agreed with an Egyptian study by Sweed et al. 

[18], which didn't find any statistically significant 

difference in O.S.A. severity between both genders. 

On the other hand, Rezaie et al. [19] mentioned that 

elevated body mass index indices were thought to 

be influenced by larger circumferences of the neck 

and waist. Smoking did not raise the severity of 

AHI; however, being overweight or obese was a 

risk factor for severe O.S.A. 

A study by Huang et al. [6] discovered that 

pharyngeal lumen constriction and other 

abnormalities were seen in obese and non-obese 

participants, independent of body mass index. It has 

been suggested that these abnormalities may be due 

to a genetic predisposition to OSA. These findings 

suggest that the etiology of OSA is multifactorial. 

However, when we narrow our focus to the 

traditional patient attributes, we risk missing 

women, the elderly, and individuals with normal 

weight who have obstructive sleep apnea. It is 

critical to pay attention to the classic signs of 

snoring, breathing interruptions, and daytime 

drowsiness, but evaluation of exercise effectiveness 

requires subjective metrics. [20]. 

The apnea-hypopnea index in our study ranged from 

5.3 to 110, with a mean of 33.75. The minimum 

oxygen saturation ranged from 40 to 93%, with a 

mean of 76.31%. Out of the 62 O.S.A. cases, 41 

patients were diagnosed as severe O.S.A., 16 

patients were mild O.S.A., and only 5 patients were 

moderate O.S.A., indicating that the most common 

grade of severity in our sample size was severe 

OSA AHI ≥ 30. 

The results of a retrospective Egyptian study by 

Gharib and Loza [21] coincided with our study 

results. Their study concluded that the prevalence of 

mild, moderate, and severe O.S.A. was 204 (24%), 

146 (17%), and 488 (58%), respectively. The most 

common grade of severity was severe O.S.A. 

According to Sweed et al. [18] study: out of 244 

cases, Group 1 consisted of patients with mild to 

moderate OSAS (38% of the total), whereas Group 

2 had severe to extremely severe OSAS (62% of the 

total), suggesting that severe O.S.A. is the most 

prevalent grade. 
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100%
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Out of 421 patients enrolled in an Egyptian sleep 

lab over 6 years, 43% were classified as having 

severe OSAS (AHI > 30). Because patients sought 

medical advice only after they noticed daytime 

sleepiness, the authors attributed a late presentation 

of the disease to a lack of awareness [22]. 

Our study reported that the most severe grade of 

closure was found in the retropalatal level, 

comprising 76.05%, followed by the retrolingual 

level, 67.74%, and lastly, the hypopharyngeal level.  

These findings are similar to those of a previous 

study by Phua et al. [17], which analyzed O.S.A. 

patients' upper airway morphology. According to 

the examination, many patients showed retro-palatal 

blockage and subsequent collapse of the lateral 

pharyngeal wall (at the retrolingual level). If these 

anatomical locations in the upper airway are 

obstructed, it may indicate severe O.S.A. It is 

important to target these levels during management 

if surgery is being considered. 

Our findings coincide with those of a former study 

done by Joy et al. [23] that found out that retro-

palatal level was the commonest site collapse 

followed by retro-lingual level, then epiglottis. 

The present study revealed that the most common 

pattern of retropalatal closure was concentric in 

59.7% of the cases, while that of the retrolingual 

level was lateral obstruction found in 66.1%. 

Joy et al. [23] study agreed with our findings as the 

retro-lingual level has the most prevalent lateral 

pattern of collapse. On the other hand, the research 

found that anteroposterior collapse was the most 

common type of collapse at the retropalatal level. 

A study by Yegïn et al. [24] confirmed the present 

study's findings of a statistically significant 

agreement in the lateral configuration for 

diagnosing oropharyngeal-related obstructions. 

CONCLUSION 

The surgical plan can be identified according to the 

level, pattern, and grade of airway collapse. The 

commonest pattern of retropalatal closure was 

concentric, while retrolaryngeal closure was lateral, 

and most of the patients did not show collapse at all 

at the laryngeal level. The grade of closure of 

retropalatal was the most severe, comprising 

76.05%, followed by the retrolingual 67.74%, and 

the least was the laryngeal level. Muller's 

Maneuvermaneuver is crucial in identifying the 

level, pattern, and grade of upper airway 

obstruction, which serves in the management plan 

and type of surgery. 
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