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A b s t r ac t
Objective: To analyze the positive predictive value (PPV) and negative predictive value (NPV) of upper lip bite test (ULBT), ratio
of patient’s height to thyromental distance (RHTMD), and Mallampati classification (MPC) anticipating difficult intubation.
Materials and methods: Adults undergoing elective intubation procedures under general anesthesia were graded using MPC,
ULBT, and RHTMD in this prospective study. Cormack and Lehane (CL) were compared to three approaches. Grades III and IV
are believed to be the most challenging to intubate. Calculations were made to determine each method’s sensitivity, specificity,
PPV, and NPV, as well as accuracy.
Results: Out of 60 patients, 18 (30%), 21 (35%), and 21 (35%) were from CL grade I, grade II, and grade III, respectively. ULBT was
found to be the least useful test to predict difficult intubation with 0% sensitivity. MPC and RHTMD had a sensitivity of 61.9%
and 95.2%, respectively.
Conclusion: In assessing and preparing for anticipating a problematic endotracheal intubation airway, RHTMD as a single
preoperative bedside test offers a high level of accuracy when compared to MPC and ULBT.
Keywords: Mallampati, Ratio of height to thyromental distance, Top lip bite test, Tracheal intubation.
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Introduction

1,3,4

Tracheal intubation is still the preferred approach for securing
the airways. However, up to 13% of people with ostensibly
normal airways may find it challenging.1 Maintaining an open
airway during general anesthesia induction is a problem for
anesthesiologists, providing an elevated risk of consequences
ranging from sore throat to severe airway trauma and, in
extreme cases, death. As a result of poorly managed difficult
airways, severe cerebral damage and even death might
occur. Preoperative prediction of difficult airway is critical
since 85% of all airway management errors can result in
permanent cerebral damage and 30% of all anesthesia deaths
can be related to difficult airway management. 2,3 Thus,
precise prediction and well-planned care of difficult airway
and intubation may reduce the occurrence frequency of
unnecessary interventions and disasters.4
The degree of difficulty in the airway is determined
mostly by anatomical reasons. Poor glottic visibility is one
such characteristic that most patients associate with difficult
laryngoscopy. However, there is little agreement on which
anatomical landmarks and clinical criteria are the most
accurate indicators.4

Several ways for explaining prediction algorithms using a
single factor or a multifactorial index have been developed.
To predict difficult intubations, preoperative airway
assessment tests such as mouth opening or inter-incisor gap,
head and neck movement, modified Mallampati test, Wilson
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risk score (WS), horizontal length of mandible, sternomental
distance (SMD), and thyromental distance (TMD) may be used.
A typical test for predicting problematic intubation is the
MPC. Classes I and II intubation grades are regarded as easy,
whereas classes III and IV are considered challenging. The
TMD is another test for predicting difficult laryngoscopy. In
adults, TMD of less than three finger breadths or less than
6 cm is considered challenging. Distances between 6 and
6.5 cm are easier, whereas distances greater than 6.5 cm are
usual. Numerous studies, however, have questioned whether
TMD is sensitive or specific enough to be utilized as the
sole predictor of difficult laryngoscopy.5 RHTMD provides a
higher predictive value for difficult laryngoscopy and difficult
intubation than TMD because it allows for individual body
proportions, which TMD does not.6 The recently created top
lip bite test (ULBT) evaluates a patient’s ability to cover the
mucosa of the upper lip with the lower incisors.
The sensitivity and PPV of these individual evaluation
tests are modest (33–71%), whereas false positive results
are common.7–11 As a result, a simple bedside test with high
sensitivity, specificity, PPV, NPV, likelihood ratio, and minimal
false positive and false negative values is required to predict
difficult tracheal intubation. The current study compared the
predictive value of MPC, RHTMD, and ULBT.

Objective
To compare the predictive value of ULBT, RHTMD, and MPC
for anticipation of difficult intubation in apparently normal
patients.

M at e r ia l s

and Methods
The current prospective and observational investigation
was undertaken in the Department of Anesthesiology, Dr DY
Patil School of Medicine, Nerul, Navi Mumbai. Prior informed
consent was taken and detailed information about the study
was shared with the participants. A total of 60 patients eligible
for surgery under general anesthesia were recruited for the
study purpose using the convenience sampling method.

Inclusion Criteria
Study participants between the ages of 18 and 60 years who
had given written consent for elective surgery under general
anesthesia were included.

Exclusion Criteria
In the study, patients with known distorted anatomy of the
head and neck, mouth opening less than 3 cm, obese patients
with difficult airway, or history of sleep apnea were excluded,
as well as pregnant and lactating females, hemotologically
compromised individuals, and those patients who refused
to participate.

Study Procedure
Detailed preoperative checkups of each patient as mentioned
were undertaken.

38

Following preoperative airway assessments were done:
Mallampati classif ication (Samsoon and Young
modification): Grades III and IV are classified as predicted
difficult intubation.
• Upper lip bite test: To evaluate the range of motion of the
mandible and the architecture of teeth at the same time.
Grade III was classified as predicting difficult intubation.
• Ratio of height to thyromental distance: Height (cm)
divided by TMD (cm). Intubation was projected to be
problematic if the value was more than or equal to 23.5.
•

Patients were premedicated on the day of surgery, and
2 mg/kg intravenous propofol or 5 mg/kg thiopentone or
2 mg/kg propofol and 0.75 mg/kg atracurium or 0.1 mg/kg
vecuronium or 0.75 mg/kg atracurium were given. The
lungs were ventilated with 100% oxygen using a face mask.
After 3 minutes of preoxygenation with 100% oxygen,
laryngoscopy and intubation were performed. The
anesthesiologist was not aware of the preoperative
evaluation. The patient’s head was placed in the “sniffing”
position, and laryngoscopy was performed using a
Macintosh 3/4 blade to visualize the larynx, and glottic
visualization was assessed using a modified CL classification,
which was used as the gold standard to compare the above
parameters individually.
Grade I: The entire vocal cord is visible; grade II: Just the
posterior commissure is visible; grade III: Only the epiglottis
is visible; and grade IV: None of the above is visible.
Cormack and Lehane grades III and IV were used to
classify difficult laryngoscopy. If external laryngeal pressure
is more than one attempt of intubation, a big-sized blade, or
special procedures such as backward, upward, and rightward
pressures were used, it was determined to be a difficult
intubation. All the method’s accuracy, specificity, PPV, NPV,
and sensitivity were calculated.

Ethical Consideration
Approval was obtained from the institutional ethics
committee before initiating the study IEC: PDDYPMC/Ethics/
PG Dissert/2015.

Statistical Analysis
The accuracy of RHTMD, ULBT, and MPC in predicting
difficult intubation was evaluated using preoperative airway
assessment data and laryngoscopic findings combined.
Demographic data are reported in the form of mean, standard
deviation, and range. The sensitivity, specificity, positive
predictive p-value, negative predictive p-value, and accuracy
of each test were calculated using conventional formulae
using preoperative data from ULBT and RHTMD.

R e s u lts
For the current study, 60 consecutive suitable participants of
either sex between the ages of 18 and 60 years old from the
American Society of Anesthesiologists (ASA) I and II who were
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scheduled for various procedures under general anesthesia
were recruited (Table 1).
Ratio of height to thyromental distance predicted difficult
intubation with 95.2% sensitivity and 66.7% specificity.
According to our findings, the test has a PPV of 60.6% and
an NPV of 96.3%. The total accuracy rate was 76.7% (Table 2).
Mallampati classification exhibited a sensitivity of 61.9%
and a specificity of 74.4% in predicting difficult intubation.
The test has a 56.5% PPV, a 78.4% NPV, and an overall accuracy
of 70, 56.5, 78.4, and 70%, respectively (Fig. 1 and Table 3).

Discussion
There have been numerous attempts in the past to predict
difficult intubation, but with minimal success. In order to
develop a robust, accurate, and precise bedside test, we
compared the ULBT, the RHTMD, and the modified MPC as
predictors of difficult intubation. According to our study,
the frequency of difficult intubation was determined
to be 35%. Other studies indicate that the incidence of
Table 1: Baseline characteristics of the study participants
Parameter

Result

Gender
• Male n (%)
• Female n (%)
Age group

26 (43.3%)
34 (56.7%)

• <20 years
• 21–40 years
• 41–60 years
• >60 years
Height

12 (20%)
29 (48.3%)
16 (26.7%)
3 (5.0%)

• <140 cm
• 141–150 cm
• 151–160 cm
• 161–170 cm
• 171–180 cm
ASA grade

8 (13.3%)
10 (16.7%)
19 (31.7%)
15 (25.0%)
5 (8.3%)

• ASA grade I
• ASA grade II

21 (35.0%)
39 (65.0%)

difficult intubation ranges from 3 to 16%.13–16 Variation in
the incidence of difficult intubation can be related to the
anthropomorphic characteristics of the individuals selected
for the various investigations.

Upper Lip Bite Test
In the present study, the majority of participants (95%) were
in grade II, while only 5% were in grade I (difficult intubation).
No subjects were in grade III (difficult intubation). Comparing
ULBT with CL, we discovered that out of 60 patients,
21 experienced difficult intubation while being anticipated
to have simple intubation. In our study, ULBT was not a
reliable predictor of difficult intubation due to its high
specificity (100%) but low sensitivity (0%). About 65% of the
tests were observed to be accurate. Similar findings were
reported by Eberhart et al., who found that the ULBT had a
low discriminating power of 0.60 (95% confidence interval:
0.57–0.63), indicating that it is a poor predictor when used
as a single screening test.17–19
The PPV and NPV, sensitivity, specificity, PPV, and NPV of
ULBT were reported to be 58.82, 95.7, 74.63, 91.53, 58.82, and
95.7%, respectively, in a 2013 article by Shah et al.20 Sinharay
and Chavan obtained identical results for the sensitivity and
specificity of ULBT as 88.46 and 92.74%, respectively.21 This
substantial discrepancy in observations may be attributable

Fig. 1: Comparison of Tests

Table 2: Comparison of TMD, MPC, and RHTMD with CL classification for prediction of difficult intubation
Sl. no.

Method of preoperative
assessment

1.

RHTMD

2.

Modified
MPC

3.

ULBT
Total

Difficult
Easy
Grade III
Grade I/II
Grade I/II
Grade III

CL classification
Grade III

Grade I/II

Total

Sensitivity/specificity/PPV/NPV/accuracy

20 (95.2%)
1 (4.8%)
13 (61.9%)
8 (38.1%)
21 (35%)
0
21 (35%)

13 (33.3%)
26 (66.7%)
10 (25.6%)
29 (74.4%)
39 (65%)
0
39 (65%)

33 (55%)
27 (45%)
23 (38.3%)
37 (61.7%)
60 (100%)
0
60 (100%)

0/100/0/65/65%
95.2/66.7/60.6/96.3/76.7%
61.9/74.4/56.5/78.4/70.0%
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Table 3: Comparison of predictive values of ULBT, RHTMD, and
MPC in predicting difficult Intubation
Parameters

ULBT

RHTMD

MPC

Sensitivity
Specificity
PPV
NPV
Accuracy

0.0%
100.0%
0.0%
65.0%
65.0%

95.2%
66.7%
60.6%
96.3%
76.7%

61.9%
74.4%
56.5%
78.4%
70.0%

to variances in observer bias, observer ethnicity, and
interobserver variation.

Ratio of Height to Thyromental Distance
The RHTMD was developed to account for a person’s body
proportions, which are not taken into consideration while
using the TMD. The volume of the tongue and soft tissue,
the length of the neck and mandible, and the length of the
neck, as well as the volume of the tongue and soft tissue, may
vary depending on the size and proportions of the body. In
the present study, 45% (27 patients) were expected to have
simple intubation, while 55% (33 patients) were projected
to be difficult. Comparing RHTMD to CL, we discovered that
20 of the 33 patients expected to have problematic intubation
actually did so. Therefore, it may be regarded as a reliable
indicator of intubation difficulty.
This study shows that RHTMD had a high sensitivity
(95.2%) and specificity (66.7%) for predicting intubation
difficulty. The test has a PPV of 60.6%, an NPV of 96.3%, and
overall accuracy of 60.6, 96.3, and 76.7%, respectively. Mohan
and Mohana determined the sensitivity and specificity
of RHTMD to be 57.14 and 98.97%, respectively. The test
possesses a PPV of 80%, an NPV of 98.97%, and overall
accuracy of 96.19, 80, 98.97, and 96.19%. 22 Krobbuaban
et al. compared the predictive value of TMD and the
RHTMD.23 They determined that the sensitivity and specificity
of RHTMD were 83 and 66%, respectively. Schmitt et al.
assessed 270 patients preoperatively utilizing the TMD and
the RHTMD.6 They determined the RHTMD’s sensitivity to
be 81% and its specificity to be 90%. In their investigation,
Panjiar et al. found a sensitivity of 64% and a specificity
of 77%.24 Comparing all the studies, it is possible to infer that
RHTMD is a reliable predictor of intubation difficulty.

Mallampati Classification
In this study, 23 out of 60 patients were categorized as
grade III, or severe intubation grade. Comparing MPC with
CL grading, we noticed that 13 of 23 projected difficult
intubation patients were in fact difficult, whereas the
remaining 10 patients had easy intubation.
In our investigation, the MPC has a sensitivity of 61.9%,
a specificity of 74.4%, a PPV of 56.5%, an NPV of 78.4%, and
overall accuracy of 61.9, 74.4, 56.5, 78.4, and 70%, respectively.
So MPC might be regarded as a dependable predictor of
intubation difficulty. Our results were comparable to those of
Frerk, who determined the sensitivity and specificity of MPC
40

to be 81.2 and 81.5%, respectively.25 Oates et al. examined
and contrasted two prospective approaches for predicting
laryngoscopy difficulty. A total of 575 patients were evaluated
for their laryngeal view and classified according to their
Mallampati class and WS. The sensitivity and specificity of
Mallampati were determined to be 42 and 84%, respectively.
Comparing the predictive value of all three tests, we
discovered that RHTMD had superior sensitivity (95.2%) and
specificity (66.7%) than MPC (61.9%) and ULBT (0%). Thus,
RHTMD is regarded as a trustworthy indicator of intubation
difficulty. RHTMD had the highest predictive accuracy for
difficult intubations, followed by MPC and ULBT.
Since both soft tissue and bone variables contributing to
difficult intubation of a difficult airway are equally addressed
in RHTMD, this outcome is not surprising nor unexpected. The
simplicity of calculation utilizing commonly recorded vital factors
(weight and height) and less time-intensive bedside measures
(TMD) make it a useful tool for predicting airway obstruction.
Similar results were obtained by Mohan and Mohana, Safavi
et al., Honarmand et al., and Srinivas et al., who compared all
three or at least two of these intubation assessments.22,26–29

C o n c lu s i o n

a n d L imi tat i o n s
Ratio of height to thyromental distance is a better predictor
of intubation difficulty than MPC and ULBT. RHTMD can
be utilized as a single preoperative bedside test with more
accuracy than MPC and ULBT in predicting an airway
obstruction. However, additional multicentric studies with
larger sample sizes and additional research are required
to identify the most accurate tests with the best clinical
properties and to compare single or combined tests to
identify the most accurate tests with the best clinical
properties, as well as the use of these tests in conjunction
with other airway assessment tests such as SMD, hyomental
distance, neck circumference, and indirect laryngoscopy to
predict difficult airway obstruction.
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