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Abstract:  
Background: Unanticipated difficult laryngoscopic tracheal intubation remains a major cause of anaesthesia-
related morbidity and mortality. Preoperative airway assessment tools, such as the Modified Mallampati Test 
(MMT) and the Upper Lip Bite Test (ULBT), are used to predict difficult laryngoscopy, but their diagnostic 
accuracy varies. 
Methods: This prospective, single-blinded observational study included 300 adult patients (ASA I–II) undergoing 
elective surgery under general anaesthesia with endotracheal intubation at Burdwan Medical College and Hospital. 
Preoperative airway assessment was performed using MMT and ULBT. Direct laryngoscopy was conducted under 
standard anaesthetic conditions and graded according to the Cormack-Lehane classification. Sensitivity, 
specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy were calculated for 
both tests. 
Results: Of the 300 patients, 52 (17.3%) exhibited difficult laryngoscopic views (grades III–IV). ULBT 
demonstrated superior diagnostic performance, with sensitivity of 88.46%, specificity of 92.74%, PPV of 71.87%, 
NPV of 97.45%, and accuracy of 92.00%. In contrast, MMT showed a sensitivity of 19.23%, specificity of 
91.93%, PPV of 33.33%, NPV of 84.44%, and accuracy of 79.33%. 
Conclusion: The Upper Lip Bite Test showed significantly higher sensitivity and overall diagnostic accuracy than 
the Modified Mallampati Test for predicting difficult laryngoscopy. ULBT is a more reliable and practical bedside 
tool for preoperative airway assessment and may enhance patient safety when integrated into routine anaesthetic 
evaluation. 
Keywords: Airway assessment; Difficult laryngoscopy; Upper Lip Bite Test; Modified Mallampati Test; 
Intubation prediction; Preoperative evaluation; Anaesthesia safety; Cormack-Lehane classification. 
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 
Introduction 

Unanticipated difficult laryngoscopic tracheal 
intubation remains a major concern for 
anaesthesiologists, being a leading cause of 
perioperative complications and adverse 
outcomes.[1] Difficult or failed intubation 
contributes significantly to anaesthesia-related 
mortality and permanent neurological injury.[2] It is 
classically defined as restricted glottic visualization 
during laryngoscopy, according to the Cormack and 
Lehane classification.[3] 

The reported incidence of difficult laryngoscopy 
ranges from 1.5% to 13%, with failed intubation 
occurring in 0.05%–0.35% of cases and “cannot 

ventilate, cannot intubate” situations in 0.01%–
0.02%.[4,5] Owing to the serious consequences of 
failed intubation, pre-anaesthetic airway assessment 
is considered an essential standard of care.[4] 
Airway loss after induction remains a major cause of 
anaesthesia-related morbidity and mortality.[6,7] 
About 85% of airway management errors result in 
permanent cerebral injury, and up to 30% of 
anaesthetic deaths are linked to difficult airway 
management.[8] Moreover, 17% of malpractice 
claims involving difficult intubation lacked 
documented preoperative airway evaluation.[9] 

http://www.ijpqa.com/
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Accurate prediction of difficult intubation allows 
anaesthesiologists to plan appropriate management 
strategies.[10] Airway difficulty depends largely on 
oropharyngeal anatomy and head-neck 
mobility,[11] commonly assessed through atlanto-
occipital extension, thyromental distance, and the 
Modified Mallampati Classification.[11] Although 
numerous predictors exist, their reliability remains 
inconsistent.[5,12] Because difficult laryngoscopy 
often parallels difficult intubation,[13] a simple, 
accurate, and reproducible bedside test is essential. 

Among existing methods, the Mallampati and 
Modified Mallampati Tests (MMT) are the most 
widely used.[14-16] However, large studies show 
only moderate accuracy.[17-20] In 2002, Khan et al. 
introduced the Upper Lip Bite Test (ULBT) as a 
simple alternative assessing mandibular mobility 
and dental architecture.[1] Unlike the MMT, which 
estimates tongue size and mouth opening,[21] 
ULBT evaluates mandibular range of movement.[1] 

This study therefore aims to compare the predictive 
performance of the ULBT and MMT in anticipating 
difficult laryngoscopy in adults undergoing elective 
surgery under general anaesthesia, by assessing 
sensitivity, specificity, positive and negative 
predictive values, and overall accuracy using the 
Cormack and Lehane grading system as the 
reference standard. 

Materials and Methods 

This prospective, single-blinded observational study 
was conducted in the Department of 
Anaesthesiology at Burdwan Medical College and 
Hospital, India, over a 12-month period from 
January to December 2013, following approval from 
the Institutional Ethics Committee. Written 
informed consent was obtained from all participants 
prior to enrolment. A total of 300 adult patients, 
aged over 16 years, classified as American Society 
of Anesthesiologists (ASA) physical status I or II, 
and scheduled for elective surgery under general 
anaesthesia requiring endotracheal intubation were 
recruited. Exclusion criteria included patients with a 
history of difficult intubation, craniofacial 
abnormalities, airway or cervical spine pathology, 
edentulism, limited mouth opening, or those 
requiring rapid sequence induction or awake 
intubation. Sample size was determined based on an 
expected 8% difference in diagnostic accuracy 
between the Upper Lip Bite Test (ULBT) and the 
Modified Mallampati Test (MMT), with a power of 
80% and significance level of 5%, yielding a target 
of 280 patients; 300 were included to account for 
potential exclusions. 

Airway assessment was performed preoperatively 
using both ULBT and MMT by a trained 
anaesthesiology resident not involved in 
intraoperative management. MMT was conducted 
with the patient seated, mouth fully open and tongue 

protruded without phonation, and graded I–IV, with 
Grades I and II considered predictive of easy 
laryngoscopy, and Grades III and IV indicative of 
difficulty. ULBT involved asking patients to bite 
their upper lip with the lower incisors while seated, 
and was classified as Class I (biting above vermilion 
line), Class II (biting below vermilion line), and 
Class III (inability to bite); Class I and II were 
considered predictive of easy laryngoscopy, and 
Class III as difficult. All laryngoscopies were 
performed in the sniffing position using a Macintosh 
blade (size 3 or 4) by an experienced 
anaesthesiologist blinded to the preoperative test 
results, following standard induction with fentanyl 
(2 μg/kg), lidocaine (1 mg/kg), propofol (2 mg/kg), 
and atracurium (0.5 mg/kg). Laryngoscopic views 
were graded using the Cormack and Lehane (C & L) 
classification, with Grades I and II considered easy, 
and Grades III and IV considered difficult. No 
external laryngeal manipulation was applied during 
grading. 

The primary outcome was the diagnostic 
performance of ULBT and MMT in predicting 
difficult laryngoscopy, measured using sensitivity, 
specificity, positive predictive value (PPV), 
negative predictive value (NPV), and overall 
accuracy. Standard formulas were used to compute 
each metric: sensitivity = TP / (TP + FN); specificity 
= TN / (TN + FP); PPV = TP / (TP + FP); NPV = 
TN / (TN + FN); and accuracy = (TP + TN) / Total. 
Data were analyzed using Microsoft Excel and SPSS 
software, and results were expressed as mean ± 
standard deviation for continuous variables, and 
percentages for categorical variables. A p-value 
<0.05 was considered statistically significant. 

Results 

A total of 300 adult patients undergoing elective 
surgery under general anaesthesia were included in 
the final analysis (Table 1). The study cohort 
comprised 120 males (40%) and 180 females (60%), 
with a mean age of 28.00 ± 3.28 years, mean height 
of 154.60 ± 5.47 cm, and mean weight of 61.50 ± 
3.93 kg. Most participants (240; 80%) were 
classified as ASA physical status I, while 60 (20%) 
were ASA II. A graphical summary of the 
demographic distribution is presented in Figure 1. 

During direct laryngoscopy performed under 
standardized anaesthetic conditions, the Cormack–
Lehane grading system identified 248 patients 
(82.7%) with easy laryngoscopic views (Grade I: 
130 [43.3%], Grade II: 118 [39.3%]) and 52 patients 
(17.3%) with difficult views (Grade III: 44 [14.7%], 
Grade IV: 8 [2.7%]) (Table 2). 

Preoperative airway evaluation using the Modified 
Mallampati Test (MMT) classified 270 patients 
(90%) as having an easy airway (Grade I: 75 [25%]; 
Grade II: 195 [65%]) and 30 patients (10%) as 
potentially difficult (Grade III: 25 [8.3%]; Grade IV: 
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5 [1.7%]) (Table 2). In contrast, the Upper Lip Bite 
Test (ULBT) identified 236 patients (78.7%) as easy 
(Class I: 116 [38.7%]; Class II: 120 [40.0%]) and 64 
patients (21.3%) as difficult (Class III) (Table 2, 
Figure 2). 

When correlated with the actual laryngoscopic 
findings, ULBT demonstrated significantly better 
diagnostic performance compared with MMT 
(Tables 3–5). Specifically, ULBT achieved a 
sensitivity of 88.46%, specificity 92.74%, positive 
predictive value (PPV) 71.87%, negative predictive 
value (NPV) 97.45%, and overall diagnostic 
accuracy 92.00%. In contrast, MMT yielded a 
sensitivity of 19.23%, specificity 91.93%, PPV 
33.33%, NPV 84.44%, and overall accuracy 
79.33%. Comparative visualizations of diagnostic 
performance between the two tests are illustrated in 
Figure 3, while Figure 4 depicts confusion matrix 
heatmaps highlighting ULBT’s superior 
discrimination of true positives and lower false-
negative rates. 

Notably, ULBT produced substantially fewer false 
negatives (n = 6) compared to MMT (n = 42), 
indicating superior capability in correctly 
identifying patients with difficult laryngoscopy. No 
cases of failed intubation or perioperative airway-
related complications were reported in any 
participant. 

Receiver Operating Characteristic (ROC) curve 
analysis (Figure 5) further substantiated the 
diagnostic advantage of ULBT, demonstrating an 
area under the curve (AUC) of 0.96, consistent with 
excellent discriminatory power, whereas the MMT 
showed a lower AUC of 0.67, reflecting poor 
sensitivity and limited predictive accuracy. 

Overall, the ULBT significantly outperformed the 
MMT in all major diagnostic indices-sensitivity, 
specificity, PPV, NPV, and accuracy-confirming its 
superior reliability and clinical utility as a 
preoperative screening tool for predicting difficult 
laryngoscopy in adult patients undergoing elective 
surgery under general anaesthesia.

Table 1: Demographic data of the study patient 
ASA Physical status- 
ASA PS I: number (%) 
ASA PS II: number (%) 

 
240 (80%) 
60 (20%) 

Sex- Male: number (%) 
Female: number (%) 

120 (40%) 
180 (60%) 

Age in years (Mean ± Standard deviation) 28.00 ± 3.28 
Height in cm (Mean ± Standard deviation) 154.60 ± 5.47 
Weight in kg (Mean ± Standard deviation) 61.50 ± 3.93 

Table 2: Frequencies of airway assessment classifications 
Grade ULBT MMT C & L 

I 116 (38.7%) 75 (25%) 130 (43.3%) 
II 120 (40.0%) 195 (65%) 118 (39.3%) 
III 64 (21.3%) 25 (8.3%) 44 (14.7%) 
IV NA 5 (1.7%) 8 (2.7%) 

Table 3: Comparison of Gradings between ULBT and Laryngoscopic view 

ULBT Laryngoscopic 
Grade: Easy (I, II) 

Laryngoscopic Grade: 
Difficult (III, IV) Total 

ULBT Easy (I, II) 230 (a) TN 06 (b) FN 236 (a+b), [78.7%] 
ULBT Difficult (III, IV) 18 (c) FP 46 (d) TP 64 (c+d), [21.3 %] 

Total 248(a+c), [82.7%] 52(b+d), [17.3%] 300 (a+b+c+d) 

Table 4: Comparison of Gradings between MMT and Laryngoscopic view 

MMT Laryngoscopic 
Grade: Easy (I, II) 

Laryngoscopic Grade: 
Difficult (III, IV) Total 

MMT grade: Easy (I, II) 228 (a) TN 42 (b) FN 270 (a+b), [90%] 
MMT grade: Difficult (III, IV) 20 (c) FP 10 (d) TP 30 (c+d), [10%] 

Total 248(a+c), [82.7%] 52(b+d), [17.3%] 300 (a+b+c+d) 
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Table 5: Comparison of analytical results between ULBT and MMT 
Parameters ULBT (n=300) MMT (n=300) 
True Positive 46 10 
False Positive 18 20 
True Negetive 230 228 
False Negetive 06 42 
Sensitivity (%) 88.46 19.23 
Specificity (%) 92.74 91.93 

Positive predictive value (%) 71.87 33.33 
Negetive predictive value (%) 97.45 84.44 

Accuracy (%) 92.00 79.33 
 

 
Figure 1: Descriptive Analysis of Patient Demographics (Age, Sex, Height, Weight, ASA PS) 

 

 
Figure 2: Distribution of Airway Assessment Grades Across ULBT, MMT, and Cormack-Lehane Clas-

sification 
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Figure 3: Comparative Diagnostic Performance of ULBT vs MMT 

 

 
Figure 4: Confusion matrix heatmaps comparing the diagnostic performance of the Upper Lip Bite 

Test (ULBT) and Modified Mallampati Test (MMT) for predicting difficult laryngoscopy 
 

 
Figure 5: Receiver Operating Characteristic (ROC) curve comparing the diagnostic performance of 
the Upper Lip Bite Test (ULBT) and Modified Mallampati Test (MMT) in predicting difficult laryn-

goscopy 
 
Discussion 

Failure of the anesthesiologist to maintain a patent 
airway after induction of general anesthesia remains 

one of the most significant causes of anesthesia-
related morbidity and mortality. [22-24] Owing to 
the potentially serious complications associated with 
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failed tracheal intubation-such as hypoxemic 
cardiopulmonary arrest-considerable emphasis has 
been placed on identifying patients at risk for 
difficult laryngoscopy and intubation. A reliable 
screening test must be both accurate and 
reproducible, providing high sensitivity and 
specificity to minimize false predictions and prevent 
life-threatening outcomes. However, no single 
assessment tool achieves complete sensitivity or 
specificity.[12] Numerous methods, including the 
Mallampati test, thyromental distance, inter-incisor 
gap, mandibular length, chin protrusion, atlanto-
occipital extension, and the Upper Lip Bite Test 
(ULBT), have been proposed, yet all have inherent 
limitations. Consequently, unanticipated difficult 
laryngoscopy continues to pose a clinical challenge, 
although combining multiple predictors may 
enhance diagnostic precision. 

Difficult or failed tracheal intubation remains a 
major cause of death and permanent neurological 
injury during anesthesia.[25] The reported incidence 
of difficult laryngoscopy and intubation varies from 
1.5% to 13% among patients undergoing general 
anesthesia,[26-29] reflecting differences in study 
methodologies and reference standards such as 
Cormack and Lehane grades, number of 
laryngoscopic attempts,[30] and use of the BURP 
maneuver.[1] Other factors, including cricoid 
pressure, head position, laryngoscope blade type, 
and operator experience, further influence 
visualization. In the present study, all intubations 
were performed by a single experienced 
anesthesiologist under standardized conditions, 
resulting in an incidence of 17.3%, which is slightly 
higher than previously reported values. [26,28] 

The Mallampati Test (MT), introduced in 1985,[21] 
remains one of the most commonly used bedside 
predictors of difficult intubation. Despite its 
widespread use, its diagnostic accuracy has been 
debated. [12,20,31,32] A meta-analysis of 42 studies 
encompassing 34,513 patients by Lee et al. [31] 
demonstrated poor-to-moderate predictive 
performance. Although the Modified Mallampati 
Test (MMT) continues to be regarded as the “gold 
standard” in airway assessment,[16] its reliability 
has frequently been questioned. Mallampati et al. 
[21] originally established a correlation between 
visibility of oropharyngeal structures and ease of 
intubation, but inter-rater reliability was not 
reported. Variability in technique, patient 
cooperation, and interpretation contribute to 
inconsistent results.[12] Oates et al. [7] noted 
significant inter-observer variation, showing that 
phonation and incomplete mouth opening can alter 
grading. Other studies have similarly described the 
MMT as overly subjective, with high false-positive 
rates and limited specificity. [33,34] 

Wilson et al. [6] identified five clinical predictors of 
difficult intubation-weight, head and neck mobility, 

jaw movement, receding mandible, and prominent 
incisors. The MMT evaluates relative tongue size in 
relation to the oral cavity,[21] whereas the ULBT 
assesses mandibular subluxation and dentition 
simultaneously, thereby improving objectivity and 
reproducibility.[1] The ULBT’s three clearly 
defined classes make it less susceptible to inter-
observer variability, allowing for a simple and 
standardized bedside assessment.[1] 

In this study, the diagnostic accuracy of ULBT and 
MMT was compared using the Cormack and Lehane 
grading as the reference standard. The ULBT 
demonstrated superior overall accuracy (92.0%), 
sensitivity (88.46%), positive predictive value (PPV 
= 71.87%), and negative predictive value (NPV = 
97.45%) compared with the MMT, though both tests 
showed similar specificity. These results are 
consistent with prior studies reporting higher 
accuracy for ULBT (88.7% vs 66.8%).[1] The 
findings of the present study also align with 
previously published results, though sensitivity and 
PPV were slightly higher-likely due to reduced 
inter-observer bias and ethnic craniofacial 
variations. [35-37] 

In contrast, the MMT showed moderate accuracy 
(79.33%) and specificity (91.93%) but notably low 
sensitivity (19.23%), corroborating earlier studies 
that reported variable predictive ability. The reduced 
sensitivity in this cohort may be attributed to ethnic 
differences and uniform scoring by a single 
observer, as MMT is known for poor inter-observer 
reliability. [12,25] 

The strengths of this study include its standardized 
methodology, with all airway assessments and 
laryngoscopies performed by the same investigator, 
minimizing inter-observer variability and enhancing 
consistency. However, several limitations should be 
acknowledged. Being a single-centre study, the 
findings may not be generalizable. Patient 
cooperation and comprehension-particularly for the 
MMT-can influence outcomes, though proper 
demonstration of the procedure may mitigate these 
issues. Additionally, the ULBT cannot be applied in 
certain populations, such as edentulous individuals, 
patients with restricted mouth opening, or those 
unable to follow instructions. 

Conclusion 

This study demonstrates that the Upper Lip Bite Test 
has significantly higher diagnostic accuracy, 
sensitivity, positive predictive value, and negative 
predictive value than the Modified Mallampati Test 
for predicting difficult laryngoscopy, although both 
tests showed similar specificity. Given its superior 
sensitivity and ease of administration, the ULBT 
appears to be a more effective and reliable tool for 
preoperative airway assessment. Its simplicity, 
objectivity, and quick bedside applicability make it 
a valuable option, either alone or in combination 
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with other predictive tests. However, its use is 
limited in specific patient groups, and these 
constraints must be considered in clinical practice. 
Overall, the ULBT offers a practical, reproducible 
method for improving the safety of airway 
management in anaesthetic practice. 
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