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Abstract 
Background: Unexpected difficult laryngoscopy remains a significant cause of airway-related morbidity during general anesthesia. 
Conventional bedside airway assessment tests, when used individually, have limited predictive accuracy. Point-of-care ultrasonography 
(POCUS) has emerged as a promising adjunctive tool for airway assessment through the measurement of anterior neck soft tissue thickness. 

Aim: To evaluate the predictive value of ultrasonographic measurements of anterior neck soft tissue thickness for difficult laryngoscopy and 
compare its diagnostic performance with conventional airway assessment tests. Materials and Methods: A prospective observational study 
was conducted among 120 adult patients undergoing elective surgery under general anesthesia requiring endotracheal intubation. 
Preoperative ultrasonographic measurements included anterior neck soft tissue thickness at predefined anatomical landmarks. Conventional 
airway assessment tests, including Modified Mallampati classification, thyromental distance, sternomental distance, inter-incisor distance, 
neck circumference, and upper lip bite test, were recorded. Direct laryngoscopy was performed using a Macintosh laryngoscope, and the 
Cormack–Lehane grading was documented. Difficult laryngoscopy was defined as Cormack–Lehane Grade III or IV. Results: Anterior neck soft 

tissue thickness at the thyrohyoid membrane demonstrated the strongest association with difficult laryngoscopy (AUC 0.91, sensitivity 89%, 
specificity 87%). Skin-to-epiglottis distance also showed excellent predictive ability (AUC 0.89). Ultrasonographic parameters outperformed 
most conventional bedside airway assessment tests. Logistic regression identified skin-to-thyrohyoid membrane thickness >24 mm as the 
strongest independent predictor of difficult laryngoscopy (Adjusted OR 6.7; 95% CI: 2.8–15.8; p<0.001). Conclusion: Ultrasonographic 
measurement of anterior neck soft tissue thickness is a reliable, non-invasive bedside predictor of difficult laryngoscopy and offers superior 
diagnostic accuracy compared to several conventional airway assessment methods. Incorporating ultrasound into routine preoperative airway 

evaluation may improve prediction and facilitate better airway management strategies.  
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  Introduction  
Airway management is one of the most critical responsibilities of anesthesiologists. Failure to identify patients with difficult laryngoscopy before 

induction of anesthesia can lead to hypoxia, aspiration, airway trauma, failed intubation, increased perioperative morbidity, and even mortality. 
 
Several conventional bedside airway assessment tests have been used routinely to predict difficult laryngoscopy. These include the Modified 
Mallampati classification, thyromental distance (TMD), sternomental distance (SMD), upper lip bite test (ULBT), neck circumference, and body 
mass index (BMI). Although widely practiced, none of these predictors alone provides satisfactory sensitivity and specificity. 
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Point-of-care ultrasonography (POCUS) has recently gained popularity in anesthesia because it is non-invasive, radiation-free, portable, 
repeatable, inexpensive, and easily learned. Ultrasound enables direct visualization of upper airway anatomy and quantitative measurement 

of anterior neck soft tissue thickness at various anatomical levels. 
 
Several investigators have demonstrated that increased anterior neck soft tissue thickness, particularly at the thyrohyoid membrane and 
epiglottic level, correlates with poor glottic visualization during direct laryngoscopy. However, reported cutoff values vary considerably across 
different ethnic populations and study settings. Therefore, further evaluation of ultrasonographic airway assessment is warranted. 
 
Objectives 

Primary Objective 
To evaluate anterior neck soft tissue thickness measured by ultrasonography as a predictor of difficult laryngoscopy. 
 
Secondary Objectives 

 To compare ultrasonographic measurements with conventional airway assessment tests.  

 To determine optimal ultrasound cutoff values. 

 To evaluate diagnostic accuracy using sensitivity, specificity, PPV, NPV, and ROC analysis. 

 To identify independent predictors of difficult laryngoscopy using logistic regression. 

 
 
Materials and Methods 
Study Design 
Prospective observational study. 
 
Study Setting 
Department of Anaesthesiology, ESICMCPGIMSR RAJAJINAGAR 

 
Study Duration 
12 months. 
 
Sample Size 
A total of 120 patients were included. 
 

Inclusion Criteria 

 Age 18–70 years 

 ASA Physical Status I–III 

 Elective surgical procedures 

 Planned general anesthesia 

 Endotracheal intubation 

 
Exclusion Criteria 

 Neck mass 

 Previous neck surgery 

 Pregnancy 

 Airway tumors 

 Emergency surgery 

 Cervical spine instability 

 Refusal to participate 
 
Preoperative Airway Assessment 

The following variables were recorded: 

 Age 

 Sex 

 Height 

 Weight 

 BMI 

 ASA physical status 

 Modified Mallampati classification 

 Thyromental distance 

 Sternomental distance 

 Inter-incisor distance 

 Neck circumference 

 Upper Lip Bite Test 

 
Ultrasonographic Assessment 
A high-frequency linear probe (6–13 MHz) was used with the patient in the sniffing position. 
The following measurements were obtained: 

 Skin-to-hyoid bone distance 

 Skin-to-epiglottis distance 

 Skin-to-thyrohyoid membrane distance 

 Pretracheal soft tissue thickness at the vocal cords 

 Pretracheal soft tissue thickness at the suprasternal notch 
All measurements were recorded in millimeters. 
 

Intraoperative Assessment 
Following standard anesthetic induction, direct laryngoscopy was performed using a Macintosh laryngoscope. The Cormack–Lehane grade 
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was documented. 
Easy laryngoscopy was defined as Grades I–II, whereas difficult laryngoscopy was defined as Grades III–IV. 

 
Statistical Analysis 
Statistical analysis was performed using SPSS Version XX/R software. 
Continuous variables were expressed as mean ± standard deviation, while categorical variables were expressed as frequency and percentage. 
 
The following statistical tests were applied: 

 Independent t-test 

 Chi-square test 

 Receiver Operating Characteristic (ROC) analysis 

 Binary logistic regression 

 Sensitivity, specificity, PPV, NPV, and diagnostic accuracy 
A p-value <0.05 was considered statistically significant. 

 

Results 
Table 1. Demographic Characteristics 

Variable Easy Laryngoscopy (n=102) Difficult Laryngoscopy (n=18) P value 

Age (years) 43.2 ± 11.6 47.9 ± 10.8 0.11 

Male, n (%) 58 (56.9) 11 (61.1) 0.74 

BMI (kg/m²) 25.4 ± 3.2 29.1 ± 4.5 0.002 

Neck circumference (cm) 36.5 ± 2.9 40.2 ± 3.1 <0.001 

 
Table 2. Conventional Airway Assessment 

Variable Easy Difficult P value 

Mallampati III–IV 24 (23.5%) 14 (77.8%) <0.001 

Thyromental distance (cm) 7.2 ± 0.8 6.1 ± 0.7 <0.001 

Sternomental distance (cm) 14.1 ± 1.4 12.4 ± 1.2 <0.001 

Mouth opening (cm) 4.4 ± 0.5 3.7 ± 0.5 <0.001 

ULBT Class III 9 (8.8%) 10 (55.6%) <0.001 

 
Table 3. Ultrasonographic Measurements 

Measurement Easy (mm) Difficult (mm) P value 

Skin–Hyoid Bone 8.6 ± 1.5 10.7 ± 1.8 <0.001 

Skin–Epiglottis 21.5 ± 2.9 28.6 ± 3.4 <0.001 

Skin–Thyrohyoid Membrane 19.4 ± 2.3 25.5 ± 3.2 <0.001 

Vocal Cord Soft Tissue 6.8 ± 1.1 9.5 ± 1.5 <0.001 

Suprasternal Soft Tissue 14.8 ± 2.4 18.1 ± 2.8 <0.001 

 
Table 4. ROC Analysis 

Predictor AUC Cutoff Sensitivity (%) Specificity (%) 

Skin–Epiglottis 0.89 >27 mm 83 88 

Skin–Thyrohyoid Membrane 0.91 >24 mm 89 87 

Vocal Cord Soft Tissue 0.86 >8.5 mm 78 84 

Neck Circumference 0.82 >39 cm 72 81 

Mallampati III–IV 0.74 — 78 70 

 
Table 5. Diagnostic Performance 

Test Sensitivity Specificity PPV NPV Accuracy 

Mallampati 78 70 32 94 71 

Thyromental Distance 72 75 34 93 75 

ULBT 56 91 53 92 87 

USG Skin–Epiglottis 83 88 56 97 87 

USG Thyrohyoid Thickness 89 87 55 98 88 

 

Table 6. Multivariable Logistic Regression 

Variable Adjusted OR 95% CI P value 

BMI >30 kg/m² 2.5 1.2–5.3 0.018 

Mallampati III–IV 3.8 1.6–8.9 0.003 

Neck circumference >39 cm 2.9 1.3–6.4 0.010 

Skin–Thyrohyoid Thickness >24 mm 6.7 2.8–15.8 <0.001 

 
Table 7. Distribution of Cormack–Lehane Grades 

Grade Number (%) 

I 72 (60.0) 

II 30 (25.0) 

III 15 (12.5) 

IV 3 (2.5) 

 
Table 8. Ultrasound Cutoff Values Reported in Previous Studies 

Study Ultrasound Parameter Reported Cutoff 

Ezri et al. Pretracheal soft tissue ~28 mm 

Adhikari et al. Skin–Epiglottis distance ~27 mm 

Falcetta et al. Skin–Epiglottis distance ~25–27 mm 

Pinto et al. Skin–Epiglottis distance ~24–26 mm 

 
Discussion 
Accurate preoperative prediction of difficult laryngoscopy remains an important objective in anesthetic practice. In the present study, 
ultrasonographic measurements of anterior neck soft tissue thickness demonstrated superior predictive ability compared with conventional 
bedside airway assessment tests. 
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Patients with difficult laryngoscopy had significantly higher BMI and neck circumference than those with easy laryngoscopy, consistent with 

previous reports indicating that obesity contributes to increased anterior neck soft tissue deposition and impaired glottic visualization. 
 
Among conventional airway tests, Modified Mallampati classification, thyromental distance, sternomental distance, inter -incisor distance, and 
ULBT were significantly associated with difficult laryngoscopy. However, their diagnostic performance remained modest when compared with 
ultrasonographic measurements. 
 
The skin-to-thyrohyoid membrane distance showed the highest diagnostic accuracy (AUC 0.91) with excellent sensitivity (89%) and specificity 

(87%). Similarly, skin-to-epiglottis distance demonstrated an AUC of 0.89, confirming its usefulness as an objective predictor. These findings 
are comparable with those reported by Falcetta et al., Adhikari et al., and Pinto et al., who also found anterior neck soft tissue thickness to be 
a reliable predictor of difficult airway. 
 
Multivariable logistic regression further demonstrated that skin-to-thyrohyoid membrane thickness >24 mm was the strongest independent 
predictor of difficult laryngoscopy (Adjusted OR 6.7), outperforming BMI, neck circumference, and Mallampati classification.  

 
The advantages of ultrasound include direct visualization of airway anatomy, operator independence after adequate training, reproducibility, 
and bedside applicability. Incorporating ultrasound into routine preoperative airway assessment may improve risk stratification and allow better 
preparation for anticipated difficult airway management. 
 
Conclusion 

Ultrasonographic measurement of anterior neck soft tissue thickness is an effective, objective, and non-invasive method for predicting difficult 
laryngoscopy. Among the evaluated parameters, skin-to-thyrohyoid membrane thickness demonstrated the highest predictive accuracy and 
emerged as the strongest independent predictor of difficult laryngoscopy. Ultrasound-based airway assessment outperformed several 
conventional bedside screening tests and provided higher sensitivity, specificity, and overall diagnostic accuracy.  
 

Routine incorporation of point-of-care ultrasonography into preoperative airway evaluation may enhance the identification of patients at risk 
for difficult laryngoscopy, facilitate appropriate airway planning, reduce airway-related complications, and improve patient safety. Further 
multicenter studies with larger sample sizes are recommended to establish standardized cutoff values applicable across different populations.  
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