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Abstract 
Background: Preoperative identification of difficult intubation remains a critical challenge in anaesthetic 
practice. Conventional clinical predictors demonstrate suboptimal sensitivity individually. Ultrasonographic 
assessment of anterior neck soft tissue offers a quantitative, non-invasive alternative that warrants systematic 
evaluation. 
Objectives: To assess the diagnostic accuracy of preoperative ultrasound-measured anterior neck soft tissue 
thickness at three anatomical levels in predicting difficult intubation and to evaluate its correlation with 
established clinical airway parameters. 
Methods: This prospective observational study enrolled 150 adult patients undergoing elective surgery under 
general anaesthesia with endotracheal intubation at Govt. Theni Medical College, Theni . Preoperative 
ultrasound measurements were recorded at three levels — skin to hyoid bone (Level 1), skin to epiglottis at 
thyrohyoid membrane (Level 2), and skin to tracheal ring at suprasternal notch (Level 3). Intraoperative 
Cormack-Lehane grading served as the reference standard. ROC curve analysis, independent t-test, Chi-square 
test, and Spearman's rank correlation were applied. 
Results: Difficult intubation was encountered in 11 patients (7.3%). Soft tissue thickness was significantly 
greater in the difficult airway group at all three levels (p = 0.000). Level 2 demonstrated superior diagnostic 
accuracy (AUC = 0.995, sensitivity 100%, specificity 99.3%) at a cutoff of 2.335 cm. No significant correlation 
was observed between ultrasound measurements and clinical airway parameters. 
Conclusion: Preoperative ultrasound measurement at the thyrohyoid membrane level is a highly accurate, 
independent predictor of difficult intubation. A cutoff of 2.335 cm offers near-perfect sensitivity and specificity, 
establishing its value as a reliable adjunct in preoperative airway assessment. 
Keywords: Ultrasound airway assessment, Difficult intubation prediction, Anterior neck soft tissue thickness, 
Thyrohyoid membrane, Cormack-Lehane classification, ROC curve analysis, Preoperative airway evaluation. 
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Introduction  

Securing and maintaining a patent airway during 
the induction of general anaesthesia remains the 
foremost responsibility of every anaesthesiologist. 
Failure to achieve timely endotracheal intubation 
can rapidly culminate in life-threatening hypoxia, 
irreversible neurological damage, and death. 
Closed claims analyses have consistently 
demonstrated that the vast majority of anaesthesia-
related adverse events — estimated at 
approximately 85% — involve airway 
mismanagement, with one-third of anaesthesia-
attributable mortality directly linked to the inability 
to maintain a patent airway. It is within this context 
that accurate preoperative identification of the 
potentially difficult airway assumes paramount 

clinical importance[1,2]. Over several decades, 
numerous clinical predictors of difficult intubation 
have been developed and validated. Mallampatti's 
oropharyngeal classification, thyromental distance, 
inter-incisor gap, sternomental distance, atlanto-
occipital joint mobility, and Wilson's risk scoring 
system have each been studied as independent 
screening tools. However, large-scale meta-analytic 
evidence has established that individual clinical 
tests perform poorly in isolation, with reported 
sensitivities ranging between 20% and 62% — 
unacceptably low for a safety-critical screening 
measure. Shiga et al., in a systematic review of 35 
studies encompassing over 50,000 patients, 
concluded that no single clinical parameter offered 
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reliable discriminatory accuracy for difficult 
intubation prediction, and that even combined 
multivariate assessments carried substantial rates of 
both false-positive and false-negative 
classification[3,4]. The consequence of a false-
negative result — an unanticipated difficult 
intubation — can be catastrophic, particularly in an 
unprotected, anaesthetised patient. 

Point-of-care ultrasonography has witnessed 
remarkable expansion in anaesthetic and 
emergency medicine practice over the past two 
decades. Its non-invasive nature, real-time imaging 
capability, absence of ionising radiation, and 
bedside applicability render it an attractive adjunct 
for preoperative evaluation. Several investigators 
have explored the utility of ultrasound in 
characterising upper airway anatomy — including 
measurement of tongue dimensions, pre-epiglottic 
space depth, hyomental distance ratio, and anterior 
neck soft tissue thickness — with encouraging 
results across varied patient populations. Notably, 
Ezri et al. demonstrated that increased anterior neck 
soft tissue thickness at the vocal cord level, as 
measured by ultrasonogram, was significantly 
associated with difficult laryngoscopy in morbidly 
obese patients, establishing a foundational 
precedent for soft tissue measurement as a 
predictive parameter[5,6].  

Despite these promising preliminary findings, the 
published literature on ultrasound-based anterior 
neck soft tissue measurement at multiple 
standardised levels as a predictor of difficult 
intubation remains limited, particularly in 
heterogeneous general surgical populations in 
Indian tertiary care settings[7]. The present 
prospective observational study was therefore 
designed with the following objectives: firstly, to 
assess the usefulness of preoperative ultrasound 
measurement of anterior neck soft tissue thickness 
at three anatomical levels — the hyoid bone, the 
thyrohyoid membrane, and the suprasternal notch 
— in predicting difficult intubation using 
intraoperative Cormack-Lehane grading as the 
reference standard; secondly, to determine optimal 
diagnostic cutoff values, sensitivity, specificity, and 
area under the ROC curve for each measurement 
level; and thirdly, to evaluate whether ultrasound-
based airway assessment demonstrates any 
significant correlation with established clinical 
airway parameters, thereby establishing its role as 
an independent, complementary modality in 
preoperative airway evaluation. 

Materials and Methods 

Study Design and Setting: This prospective 
observational study was conducted in the 
Department of Anaesthesiology Govt. Theni 
Medical College, Theni over a defined study 
period. The study received prior approval from the 

Institutional Ethics Committee, and written 
informed consent was obtained from all 
participants before enrolment. Patients scheduled 
for elective surgery under general anaesthesia 
requiring endotracheal intubation were considered 
for inclusion. The study was registered and 
conducted in accordance with the Declaration of 
Helsinki guidelines for human research ethics. 

Study Population: A total of 150 patients were 
enrolled based on predefined eligibility criteria. 
Inclusion criteria comprised adult patients of either 
sex, aged 18–70 years, belonging to ASA physical 
status grade I or II, posted for elective surgical 
procedures requiring general anaesthesia with 
endotracheal intubation. Patients were excluded if 
they had edentulous jaws, anatomical abnormalities 
of the head and neck, known cervical spine 
pathology, prior airway surgery, or emergency 
surgical indications. Patients who required awake 
fibreoptic intubation or had documented previous 
difficult intubation were also excluded to minimise 
confounding. 

Preoperative Assessment: On the evening 
preceding surgery, all enrolled patients underwent a 
standardised preoperative airway evaluation. 
Clinical airway parameters recorded included 
Mallampatti's oropharyngeal classification (grades 
I–IV), inter-incisor gap (IIG, in centimetres), and 
thyromental distance (TMD, in centimetres). 
Demographic variables — age, sex, height, and 
body weight — were also documented for each 
patient. Mallampatti's grading was performed with 
the patient seated upright, head in neutral position, 
mouth maximally opened, and tongue protruded 
without phonation[8,9]. 

Ultrasound Examination Protocol: Preoperative 
ultrasound assessment of anterior neck soft tissue 
thickness was performed in the anaesthesiology 
department using a GE LOGIQ C2 ultrasound 
machine with a high-frequency 6–12 MHz linear 
probe transducer. Each patient was positioned 
supine with the neck in mild extension. Soft tissue 
thickness was measured at three standardised 
anatomical levels in the transverse plane: Level 
1 — skin surface to the anterior margin of the 
hyoid bone; Level 2 — skin surface to the 
epiglottis at the thyrohyoid membrane level; 
and Level 3 — skin surface to the anterior tracheal 
ring at the suprasternal notch. Three independent 
measurements were recorded at each level and the 
mean value was used for analysis. All ultrasound 
measurements were performed by a single trained 
anaesthesiologist blinded to the clinical airway 
assessment findings, to minimise inter-observer 
bias. 

Intraoperative Laryngoscopic Assessment: On 
the day of surgery, general anaesthesia was induced 
using a standardised protocol. After confirming 
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adequate depth of anaesthesia and neuromuscular 
blockade, direct laryngoscopy was performed using 
a Macintosh blade of appropriate size. 
Laryngoscopic views were graded according to the 
Cormack-Lehane (CL) classification by the 
operating anaesthesiologist, who was blinded to the 
preoperative ultrasound findings. Patients with CL 
grade 1 or 2 were assigned to Group E (easy 
airway; n = 139), and those with CL grade 3 or 4 
were assigned to Group D (difficult airway; n = 
11)[10]. 

Statistical Analysis: All data were entered and 
analysed using SPSS software (version applicable). 
Continuous variables are presented as mean ± 
standard deviation (SD) and categorical variables 
as frequency with percentage. Between-group 
comparisons for continuous variables were 
performed using the independent samples t-test, 
and categorical variables were compared using 
Pearson's Chi-square test. Spearman's rank 
correlation coefficient was used to assess the 
relationship between quantitative clinical airway 
parameters and ultrasound measurements. Receiver 
Operating Characteristic (ROC) curve analysis was 
performed for each ultrasound level to determine 
the optimal diagnostic cutoff, area under the curve 
(AUC), sensitivity, and specificity. A p-value of 
less than 0.05 was considered statistically 
significant for all analyses. 

Results 

Study Population: A prospective observational 
study was conducted on 150 patients undergoing 
elective surgery requiring general anaesthesia and 
endotracheal intubation at Govt. Theni Medical 
College, Theni Based on intraoperative Cormack-
Lehane (CL) laryngoscopic grading, patients were 
classified into Group E (easy airway; CL grade 1–
2; n = 139; 92.7%) and Group D (difficult airway; 
CL grade 3–4; n = 11; 7.3%). Preoperative 
ultrasound assessment of anterior neck soft tissue 
thickness was performed at three anatomical levels 
using a GE LOGIQ C2 machine with a high-
frequency 6–12 MHz linear probe transducer. 

Demographic Profile of the Study Groups: 
Demographic variables including age, sex, height, 
and weight were analysed between the two groups 
to assess baseline comparability. As summarised 
in Table 1, age, sex, and height were statistically 
comparable between Group E and Group D (p > 
0.05 for all three), confirming that the groups were 
well-matched demographically. However, body 
weight showed a highly significant difference (p = 
0.000), with Group D patients (mean 72.82 ± 6.31 
kg) being significantly heavier than Group E 
patients (mean 59.15 ± 7.02 kg), establishing 
obesity as an independent risk factor for difficult 
intubation.

 
Table 1: Demographic Characteristics of Study Groups (n = 150) 

Variable Group E (n = 
139) 

Group D (n = 
11) 

Statistical Test p-value Inference 

Age (years) — Mean ± 
SD 

38.99 ± 14.29 42.18 ± 14.20 Independent t-test 0.613 NS 

Sex — Female / Male (n) 97 / 42 7 / 4 Pearson Chi-square 0.670 NS 
Height (cm) — Mean ± 
SD 

158.84 ± 6.13 159.82 ± 6.66 Independent t-test 0.614 NS 

Weight (kg) — Mean ± 
SD 

59.15 ± 7.02 72.82 ± 6.31 Independent t-test 0.000 S 

Female prevalence (%) 69.8% 63.6% — — — 
Male prevalence (%) 30.2% 36.4% — — — 
Age range (years) 18–70 19–62 — — — 

NS = Not Significant (p > 0.05); S = Significant (p < 0.05). Data expressed as Mean ± Standard Deviation or 
number (n). 

 
The two groups were comparable in age, sex, and 
height — confirming internal validity. Body weight 
was the single demographic variable showing a 
significant inter-group difference (p = 0.000). This 

finding is consistent with the established literature 
linking increased body mass to excess anterior neck 
soft tissue accumulation and consequently difficult 
laryngoscopy.



 

 

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Balasubramaniyam et al.      International Journal of Current Pharmaceutical Review and Research 

1166  

 
Figure 1:  Weight Distribution 

 
Figure 1. showing mean body weight (kg) 
distribution in Group E vs. Group D (Independent 
t-test, p = 0.000). Group D patients had a 
significantly higher mean weight (72.82 kg) 
compared to Group E (59.15 kg), indicating weight 
as a significant predictor of difficult airway. 

Ultrasound Anterior Neck Soft Tissue 
Measurements: Anterior neck soft tissue thickness 
was measured at three levels: Level 1 — skin to 
hyoid bone; Level 2 — skin to epiglottis at the 

thyrohyoid membrane; and Level 3 — skin to 
anterior tracheal ring at the suprasternal notch.  

The mean measurements at all three levels for both 
groups are presented in Table 2. Independent t-test 
analysis confirmed that soft tissue thickness was 
significantly greater in Group D compared to 
Group E at all three levels (p = 0.000 for each), 
indicating a consistent pattern of increased anterior 
neck tissue bulk in difficult airway patients. 

 
Table 2: Mean Anterior Neck Soft Tissue Thickness at Three Ultrasound Levels (Group E vs. Group D) 

Measuremen
t Level 

Anatomical 
Landmark 

Group 
E 
(n=139
) Mean 
± SD 
(cm) 

Grou
p D 
(n=11) 
Mean 
± SD 
(cm) 

Mean 
Differenc
e (cm) 

% 
Increas
e in 
Group 
D 

Statistical 
Test 

p-
valu
e 

Inferenc
e 

Level 1 Skin → 
Hyoid Bone 

0.74 ± 
0.12 

0.88 ± 
0.15 

+0.14 18.9% Independen
t t-test 

0.000 S 

Level 2 Skin → 
Epiglottis 
(Thyrohyoid 
Membrane) 

1.72 ± 
0.26 

2.54 ± 
0.10 

+0.82 47.7% Independen
t t-test 

0.000 S 

Level 3 Skin → 
Tracheal 
Ring 
(Suprasterna
l Notch) 

0.74 ± 
0.11 

0.88 ± 
0.12 

+0.14 18.9% Independen
t t-test 

0.000 S 

S = Significant (p < 0.05). Data expressed as Mean ± Standard Deviation. 
 
All three ultrasound levels demonstrated 
significantly increased soft tissue thickness in the 
difficult airway group (p = 0.000 at each level). The 
thyrohyoid membrane level (Level 2) showed the 
largest absolute mean difference (+0.82 cm; 47.7% 
increase), making it clinically and statistically the 

most discriminatory measurement. Levels 1 and 3 
showed a comparatively modest though equally 
significant increase of 18.9% in mean thickness, 
reflecting the broader distribution of excess adipose 
tissue along the anterior neck. 
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Figure 2: Mean Thickness at Three Levels 

 
Figure 2: Grouped bar chart comparing mean 
anterior neck soft tissue thickness (± SD) at all 
three ultrasound levels (Level 1: Hyoid Bone; 
Level 2: Thyrohyoid Membrane; Level 3: 
Suprasternal Notch) between Group E (easy 
airway) and Group D (difficult airway). All three 
levels showed statistically significant differences (p 
= 0.000). The maximum inter-group difference was 
observed at Level 2 (thyrohyoid membrane) 

Subgroup Distribution Analysis: To further 
characterise the distribution of thickness 
measurements across the spectrum of both groups, 
patients were stratified into three thickness 
subgroups at each ultrasound level. The distribution 
data are presented in Table 3 and visually illustrated 
in Figure 3. 

 
Table 3: Subgroup Distribution of Anterior Neck Soft Tissue Thickness at Three Ultrasound Levels 

USG Level Thickness 
Subgroup (cm) 

Group 
E: n 

Group 
E: % 

Group 
D: n 

Group 
D: % 

Clinical 
Relevance 

Level 1: Hyoid Bone 0.40 – 0.65 34 24.5% 0 0% Exclusively easy 
airway  

0.66 – 0.90 94 67.6% 6 54.5% Overlap zone (both 
groups)  

0.91 – 1.20 11 7.9% 5 45.5% Enriched for 
difficult airway 

Level 2: Thyrohyoid 
Membrane 

1.30 – 1.80 89 64.0% 0 0% Exclusively easy 
airway  

1.81 – 2.30 50 36.0% 0 0% Exclusively easy 
airway  

2.31 – 2.70 0 0% 11 100% Exclusively 
difficult airway 

Level 3: Suprasternal 
Notch 

0.40 – 0.65 32 23.0% 0 0% Exclusively easy 
airway  

0.66 – 0.90 103 74.1% 5 45.5% Overlap zone (both 
groups)  

0.91 – 1.20 4 2.9% 6 54.5% Enriched for 
difficult airway 

Percentage values are within-group proportions. Total Group E = 139; Total Group D = 11. 
 
The subgroup analysis yielded the most striking 
finding of the study at Level 2 (thyrohyoid 
membrane): 100% of Group D patients fell within 
the 2.31–2.70 cm range, with 0% of Group 
E reaching this threshold — a complete and 
absolute separation between the groups. At Level 1 
(hyoid bone) and Level 3 (suprasternal notch), 

there was significant overlap in the 0.66–0.90 cm 
middle range, with only 45.5–54.5% of Group D 
concentrating in the upper subgroup. This confirms 
Level 2 as uniquely superior in distinguishing 
difficult from easy airways with no false 
classification.
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Figure 3: Subgroup Distribution 

 
Figure 3 showing percentage distribution of 
patients across three thickness subgroups at each of 
the three ultrasound levels, stratified by Group E 
(easy airway) and Group D (difficult airway). Note 
the absolute separation at Level 2 (thyrohyoid 
membrane): 100% of difficult airway cases 
concentrated in the 2.31–2.70 cm range with no 
overlap from Group E. 

ROC Curve Analysis and Diagnostic Accuracy: 
Receiver Operating Characteristic (ROC) curve 
analysis was performed at all three ultrasound 
levels to determine the optimal cutoff values and 
evaluate the overall diagnostic accuracy of each 
measurement in predicting difficult intubation 
(Table 4, Figure 4). 

 
Table 4: ROC Curve Analysis: Cutoff Values, AUC, and Diagnostic Performance at Three Ultrasound 

Levels 
Measurem
ent Level 

Optim
al 
Cutoff 
(cm) 

AU
C 

95
% 
CI 

Sensitiv
ity 

Specific
ity 

True 
Positiv
es (n) 

True 
Negativ
es (n) 

False 
Positiv
es (n) 

False 
Negativ
es (n) 

Accura
cy 
Grade 

Level 1: 
Hyoid 
Bone 

0.785 0.76
1 

— 63.6% 68.3% 7/11 95/139 44 4 Fair 

Level 2: 
Thyrohyoid 
Membrane 

2.335 0.99
5 

— 100% 99.3% 11/11 138/139 1 0 Excelle
nt 

Level 3: 
Suprasterna
l Notch 

0.785 0.80
1 

— 72.7% 67.6% 8/11 94/139 45 3 Good 

 
AUC interpretation: 0.90–1.00 = Excellent; 0.80–
0.90 = Good; 0.70–0.80 = Fair; 0.60–0.70 = Poor. 
Cutoff = optimal threshold delineating Group E 
from Group D on ROC curve. 

Level 2 (thyrohyoid membrane) demonstrated near-
perfect diagnostic accuracy with an AUC of 
0.995 (excellent), a sensitivity of 100% (no missed 
difficult airways), and a specificity of 99.3% (only 

one false positive among 139 easy airway patients). 
A cutoff of 2.335 cm at this level completely 
separated Group D from Group E.  

Level 3 (suprasternal notch) achieved a good AUC 
of 0.801, while Level 1 (hyoid bone) showed only 
fair accuracy (AUC 0.761) with higher false-
positive rates, making them less reliable as 
standalone predictors of difficult intubation. 
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Figure 4:  Composite ROC Curve, three levels overlaid 

 
Figure 4 Composite ROC curves for all three 
ultrasound measurement levels plotted on the same 
axes (True Positive Rate vs. False Positive Rate).  

Level 2 (thyrohyoid membrane, AUC = 0.995) 
shows near-perfect discrimination, closely hugging 
the upper-left corner.  

Level 3 (suprasternal notch, AUC = 0.801) and 
Level 1 (hyoid bone, AUC = 0.761) show 
progressively lesser but still above-chance 
discrimination. 

Correlation Between Ultrasound and Clinical 
Airway Assessment 

Mallampatti's Classification vs. Ultrasound 
(Chi-Square Test): The association between 
Mallampatti's classification and USG-based 
grouping (derived from ROC cutoff points) at each 
of the three levels was evaluated using Pearson's 
Chi-square test. The cross-tabulation results are 
detailed in Table 5. No statistically significant 
association was found between Mallampatti's 
classification and ultrasound-based airway 
prediction at any of the three levels (p > 0.05 for 
all), indicating that the two modalities assess 
different anatomical and physiological aspects of 
airway difficulty. 

 
Table 5: Cross-Tabulation of Mallampatti's Classification vs. Ultrasound-Based Airway Grouping 

(Pearson's Chi-Square Test) 
USG Level USG 

Predicted: 
Easy (n) 

USG 
Predicted: 
Difficult 
(n) 

Mallampatti 
Correct — 
Easy (n/%) 

Mallampatti 
Correct — 
Difficult 
(n/%) 

Mallampatti 
Discordant 
(n) 

Chi-
Square 
p-
value 

Inference 

Level 1: 
Hyoid Bone 

99 51 90 / 90.9% 2 / 3.9% 58 (49+9) 0.25 NS 

Level 2: 
Thyrohyoid 
Membrane 

139 11 129 / 92.8% 1 / 9.1% 20 (10+10) 0.87 NS 

Level 3: 
Suprasternal 
Notch 

97 53 88 / 90.7% 2 / 3.8% 60 (51+9) 0.21 NS 

NS = Not Significant (p > 0.05). Discordant = total cases where Mallampatti and USG classification disagreed. 
 
The Mallampatti's test showed poor concordance 
with USG-based grouping at all three levels, 
particularly at the suprasternal notch and hyoid 
levels where more than 50 cases were discordant. 
The highest concordance was seen at Level 2 
(epiglottis), where both methods classified the 
same 150 patients into 139 easy and 11 difficult — 
yet the chi-square p-value of 0.87 was the most 
non-significant, confirming that this agreement was 
likely coincidental rather than correlated. This 

confirms that ultrasound and Mallampatti's test 
are independent, non-overlapping diagnostic tools. 

Inter-Incisor Gap and Thyromental Distance vs. 
Ultrasound (Spearman's Correlation): 
Spearman's rank correlation coefficient was used to 
assess the relationship between two quantitative 
clinical parameters — inter-incisor gap (IIG) and 
thyromental distance (TMD) — and ultrasound 
measurements at all three levels (Table 6). 
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Table 6: Spearman's Rank Correlation: Inter-Incisor Gap and Thyromental Distance vs. Ultrasound 
Measurements at Three Levels 

Clinical Parameter Level 1: Hyoid 
Bone 

Level 2: Thyrohyoid 
Membrane 

Level 3: Suprasternal 
Notch 

Inter-Incisor Gap (IIG) 
   

— Correlation Coefficient (r) −0.202 −0.504 −0.254 
— p-value 0.13 (NS) 0.06 (NS) 0.24 (NS) 
— Direction Negative (weak) Negative (moderate) Negative (weak) 
Thyromental Distance (TMD) 

   

— Correlation Coefficient (r) −0.213 −0.263 −0.226 
— p-value 0.09 (NS) 0.07 (NS) 0.06 (NS) 
— Direction Negative (weak) Negative (weak) Negative (weak) 

NS = Not Significant (p > 0.05). Negative correlation implies that as clinical parameter value increases (larger 
IIG/TMD = easier airway), USG thickness decreases — directionally logical but statistically non-significant. 

 
All correlation coefficients between clinical 
parameters and ultrasound measurements were 
negative in direction — biologically consistent, as a 
larger IIG and TMD represent easier airways, while 
greater USG thickness reflects difficult airways. 
However, none reached statistical significance (p > 
0.05), confirming that USG soft tissue 
measurements cannot be predicted from clinical 
parameter values alone. The strongest (though still 
non-significant) correlation was observed between 

IIG and Level 2 measurement (r = −0.504, p = 
0.06), approaching but not reaching significance.  

This near-significance at Level 2 may warrant 
further investigation with larger sample sizes. 
Overall, these findings support the utility of USG 
as a complementary, independent modality for 
preoperative airway assessment that adds unique 
predictive information beyond conventional clinical 
tests.

 

 
Figure 5: IIG vs. Level 2 USG Thickness 

 
Figure 5 Scatter plot showing Spearman's 
correlation between inter-incisor gap (x-axis) and 
skin-to-epiglottis thickness at thyrohyoid 
membrane level (y-axis). A weak negative trend (r 
= −0.504, p = 0.06) is observed, approaching but 
not reaching statistical significance. 

Discussion 

Preoperative prediction of difficult intubation 
remains one of the most critical yet challenging 
responsibilities in anaesthetic practice. 
Conventional clinical tools — Mallampatti's 
classification, thyromental distance, and inter-

incisor gap — have individually demonstrated 
poor-to-moderate sensitivity in published meta-
analyses, with Shiga et al. reporting individual 
sensitivities as low as 20–62% across 35 studies 
encompassing 50,760 patients. The present 
prospective observational study evaluated 
ultrasonographic anterior neck soft tissue thickness 
at three anatomical levels as an independent 
preoperative predictor of difficult airway in 150 
patients[11]. 

The incidence of difficult intubation in this study 
was 7.3% (11 of 150 patients), defined by 
Cormack-Lehane grade 3–4 at direct laryngoscopy. 
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This figure aligns with the broadly accepted 
reported incidence in the general surgical 
population, which ranges between 1.5% and 8.5% 
across published prospective series. The relatively 
higher proportion of female patients in the study 
cohort (69.8%) reflects the demographics of 
elective surgical admissions at our institution and 
did not significantly influence airway classification, 
as sex showed no statistical difference between the 
two groups (p = 0.670). 

Among demographic variables, body weight was 
the only parameter showing a statistically 
significant inter-group difference (Group D: 72.82 
± 6.31 kg vs. Group E: 59.15 ± 7.02 kg; p = 0.000). 
This is physiologically coherent — excess adipose 
deposition in the anterior cervical region increases 
soft tissue depth, displaces laryngeal structures 
anteriorly, and mechanically restricts direct line-of-
sight during laryngoscopy. Ezri et al. similarly 
demonstrated in morbidly obese patients that 
increased anterior neck soft tissue thickness at the 
vocal cord level was significantly greater in those 
who encountered difficult laryngoscopy, directly 
corroborating our weight-related findings[12,13]. 

All three ultrasound measurement levels 
demonstrated significantly greater soft tissue 
thickness in the difficult airway group (p = 0.000 at 
each level). However, the thyrohyoid membrane 
level (Level 2; skin to epiglottis) emerged as 
distinctly superior. The mean thickness in Group D 
was 2.54 ± 0.10 cm versus 1.72 ± 0.26 cm in Group 
E, representing a 47.7% increase — the largest 
absolute and proportional inter-group difference 
across all three levels. Subgroup distribution 
analysis at this level was equally compelling: 100% 
of Group D patients fell within the 2.31–2.70 cm 
range, while not a single Group E patient reached 
this threshold — an absolute, zero-overlap 
separation unprecedented at the other two levels. 
Srikar Adikari et al. similarly concluded in a 50-
patient pilot study that ultrasound measurement of 
anterior neck soft tissue thickness at the hyoid and 
thyrohyoid levels was useful for distinguishing 
difficult from easy laryngoscopy, lending external 
validity to our findings[14].  

ROC curve analysis confirmed the superiority of 
the thyrohyoid membrane level with an AUC of 
0.995 — classified as excellent discrimination — at 
an optimal cutoff of 2.335 cm. This yielded a 
sensitivity of 100% (zero missed difficult airways) 
and a specificity of 99.3% (only one false positive 
among 139 easy-airway patients), diagnostic 
metrics rarely achieved by any single preoperative 
test in the airway literature. In contrast, Level 1 
(hyoid bone; AUC 0.761) and Level 3 (suprasternal 
notch; AUC 0.801) demonstrated only fair-to-good 
accuracy with substantially higher false-positive 
counts of 44 and 45 cases respectively — rendering 
them inadequate as standalone predictors. Deepak 

Gupta et al. reported that ultrasound measurement 
of the pre-epiglottic space correlated strongly with 
Cormack-Lehane grading, and our findings at the 
thyrohyoid membrane level — which visualises the 
epiglottis — extend and reinforce that observation 
with a larger sample and superior discriminatory 
metrics[15]. Mallampatti's classification showed no 
statistically significant concordance with 
ultrasound-based airway grouping at any level (p = 
0.25, 0.87, and 0.21 at Levels 1, 2, and 3 
respectively), indicating that the two modalities 
assess fundamentally different anatomical 
determinants of airway difficulty. Spearman's rank 
correlation between quantitative clinical parameters 
— inter-incisor gap (r = −0.504, p = 0.06) and 
thyromental distance (r = −0.263, p = 0.07) — and 
Level 2 USG thickness were directionally 
consistent but did not reach statistical significance. 
Although the IIG correlation approached borderline 
significance (p = 0.06), it remained non-significant 
in this sample, suggesting that ultrasound 
measurement functions as a genuinely independent 
predictive modality. This independence is 
particularly valuable in clinical scenarios where 
oral examination is restricted — such as trismus, 
cervical spine injury, or facial trauma — where 
conventional clinical tests are unreliable or 
inapplicable. 

Conclusion 

This prospective observational study demonstrates 
that preoperative ultrasound measurement of 
anterior neck soft tissue thickness at the thyrohyoid 
membrane level is a highly accurate, non-invasive, 
and independent predictor of difficult intubation 
(AUC = 0.995, sensitivity 100%, specificity 99.3%) 
with a cutoff of 2.335 cm. Among the three levels 
assessed, the thyrohyoid membrane unequivocally 
outperformed the hyoid bone and suprasternal 
notch levels, producing complete separation 
between easy and difficult airway groups with no 
classification overlap. Ultrasound airway 
assessment showed no significant correlation with 
conventional clinical tests, confirming its role as a 
complementary, independent modality that 
substantially augments the preoperative airway 
evaluation — particularly in patients where clinical 
assessment alone may be unreliable 
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