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ABSTRACT
Background: It is an established fact that endotracheal intubation allows the best control of airway and
ventilation. Any difficulty in intubation which has not been anticipated and evaluated can lead to adverse
outcomes such as hypoxia, aspiration of vomitus etc. The preoperative assessment for recognition of difficult
airway in advance is the best method of avoiding any disaster caused by the inability to maintain the airway.
Objectives: The main objective of this study was to assess the airway by various tests and then grade the
view obtained at laryngoscopy, in all patients undergoing elective surgery requiring general anaesthesia and
endotracheal intubation. Then to compare and correlate the laryngoscopic view obtained with the findings of
airway assessment tests.
Material and Methods: A total 150 adult patients of either sex of ASA class I and II , undergoing elective
surgery for various procedures requiring general anaesthesia with endotracheal intubation were included in
our study. Assessment of the airway was made by viewing the patient from lateral and anterolateral
positions; viewing and palpating the neck anteriorly and laterally; extending and flexing the head and neck
maximally; examining the mouth opening, teeth & oral cavity; and determining patency of nostrils. The
following measurements were undertaken and recorded: a) Modified Mallampati Test, b) Thyromental
Distance, c) Upper lip Bite Test, d) Head Extension, e) Wilson’s criteria. After induction of anaesthesia,
laryngoscopy was performed in classical intubating position with McIntosh blade and the laryngoscopic grade
was recorded as described by Cormack and Lehane. Statistical analysis was done for the usefulness of
various tests (alone or in combination) for identifying difficult intubation.
Conclusion: No method either individual or in combination with other, identifies all cases of difficult
intubation. Wilson score and neck extension were most accurate individual methods. Combination of 3 tests
is not required when 2 tests combined together can give better results.
Keywords: Airway, airway assessment tests, laryngoscopy, Cormack Lehane, tracheal intubation.

BACKGROUND
The nature has bestowed on humans
a biologically complex and highly efficient
respiratory apparatus. One need only a
moment’s reflection to realise the potential
risk this
life
sustaining
respiratory
apparatus is subjected to during the process
of anaesthetising the individual.With the
advent of muscle relaxants the technique of
direct
laryngoscopy
for
facilitating
endotracheal intubation became an easy
procedure. Inspite of this there are a few
patients in who direct laryngoscopic
examination and endotracheal intubation
may be difficult. A difficult airway has been
defined as one which due to anatomic
disproportion or pre-existing pathology is
likely to offer a moderate or severe degree of
difficulty to bag mask ventilation, direct
laryngoscopy for orotracheal intubation or

both. A difficult laryngoscopy has been
defined as an inability to visualize any
portion of the vocal cords with conventional
laryngoscopy1. Any difficulty in intubation
which has not been anticipated and
evaluated can lead to respiration related
adverse outcome such as varying degrees of
hypoxia, hypercarbia and aspiration of
vomitus2, in addition to rising level of
consciousness in a paralysed patient3.
Publishing morbidity and mortality data
demonstrate that airway difficulties and
mismanagement are responsible for a
significant proportion of adverse events in
clinical practice. The preoperative airway
assessment for the recognition of difficult
airway in advance is the best method of
avoiding the disaster and it calls for
adequate understanding of the anatomy and
physiology of the airway and a thorough
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knowledge of anatomic landmarks and
methods of their evaluation.
Certain pathological disorders which
make intubation difficult like facial or upper
airway deformities, maxillofacial and airway
trauma, airway tumours and abscess,
cervical spine immobility, fibrosis of face and
neck and other systemic diseases are
typically recognised before anaesthetic
induction and have not been usually
responsible for airway catastrophes4.
A number of bedside tests and
measurements of head and neck and other
anatomical factors were suggested by
different authors. Some of them are:
Posterior mandibular depth5; Atlantooccipital distance6; Thyromental distance7;
Modified Mallampati classification of airway;
Wilson’s Criteria8; Sternomental distance9
and Upper Lip bite test10. Most of the causes
of difficult intubation can be discovered
during careful preoperative examination of
the patients by simple clinical bedside tests
as predictors of difficult laryngoscopy and
intubation,
thus
enabling
the
anaesthesiologist
to
plan
alternative
methods of securing the airway and
obtaining experienced help. However, most
of the tests used do not always predict
difficult intubation and are useful in only a
variable proportion of patients.
The present study was undertaken to
identify
and
evaluate
precisely
the
effectiveness of some of the commonly used
tests and correlate them with laryngoscopic
findings.
MATERIAL AND METHODS
150 patients of either sex between
15-65 years of age and ASA class I & II,

undergoing elective surgery for various
procedures requiring general anaesthesia
with endotracheal intubation were included
in our study after obtaining approval from
the hospital ethics committee. Informed
consent was obtained from all patients.
Following exclusion criteria were used: a)
patients below 16 years of age; b) Obstetric
patients; c) patients with cervical spine
injury; d) patients with obvious airway
pathology e.g. upper airway malignancy,
abscess, temporomandibular ankylosis etc;
and e) edentulous patients or those with
artificial dentures.
Preoperative evaluation: - After taking a
detailed history a thorough physical and
systemic examination was carried out. The
necessary investigations were reviewed. The
further assessment of airway was made by
viewing the patient from lateral and
anterolateral positions, viewing the neck
anteriorly and laterally, extending and
flexing the head and neck maximally, and
examining the mouth opening, teeth and
oral cavity. The following measurements
were undertaken and recorded:1) Modified Mallampati Class (MMC):
Mallampati classification as modified by
Samsoon and Young with patient in
sitting position, mouth maximally
opened and tongue protruded as much
as possible. Phonation was avoided
during
the
examination
and
oropharyngeal
structures
were
examined. The view was graded as: Class
I where hard palate, soft palate, uvula
and pillars viewed.; Class II where Hard
palate, soft palate and uvula viewed;
Class III where hard palate and soft
palate are viewed; Class IV where only
hard palate is viewed (Figure 1.1).

Figure 1.1: Modified Mallampati Classification.
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2) Thyromental Distance (TMD): It is
described as a straight line distance from
hyoid notch to the lower border of the
mentum with head extended and mouth
closed. The distance was measured

using a straight ruler in centimeters
(cms). Patients having TMD≤6.5cm were
considered to have difficult intubation
(Figure 1.2)

Figure 1.2: Thyromental distance.
3) Upper Lip Bite Test (ULBT): As
described as: Class I where lower
incisors can bite the upper lip above the
vermilion line; Class II where lower
incisors can bite the upper lip below the

vermilion line; Class III where the lower
incisors cannot bite the upper lip. Class
III patients were considered having
difficult intubation (Figure 1.3)

Figure 1.3: Upper Lip Bite test.
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4) Head Extension (HE): The patients were
asked to be in sitting position facing the
examiner with their mouth widely open.
The patients were then asked to extend
the head without any movement at the
cervical spine. The angle traversed by the
occlusal surface of upper teeth was
recorded using a Gonimeter. One arm of
the goniometer was fixed securely by the
side of the patients’ teeth and the change

in the pendant arm was recorded. Head
extension
≤20⁰
in
patients
was
considered to have difficult intubation.
5) Wilson’s Score: This included Body
weight; Extent of head and neck
movement; Jaw movement; receding
mandible; and Buck teeth. These risk
criteria were scored from 0-2 (Table1).

Table 1: Wilson’s Score. *IG- Interincisor gap;* SL- Subluxation
Points
0
1
2
˂90
90-110
Weight (kg)
˃90
90
Head extension and neck
movement
Criteria

IG* ≥ 5cm; SL*=0
5cm; SL˂0

Jaw Movement
Receding Mandible
Buck Teeth

None
None

˃110
˂90

IG˂5cm; SL=0
moderate
moderate

IG˂
severe
severe

Patients having total risk sum of ≥4 were considered to have difficult intubation.
Induction
of
anaesthesia:General
Anaesthesia was induced using injection
Propofol 2-2.5 mg kg-1 and before giving
muscle relaxant mask ventilation was
checked. Laryngoscopy was performed in
classical
intubating
position11
(Sniff
position). The laryngoscopic grade was
recorded as described by Cormack and
Lehane12 as follows:

Grade I- Full view of glottis; Grade IIonly posterior commisure visible (IIa- parts
of cords available, IIb- only arytenoids or
very posterior origin of cords visible); Grade
III- Only tip of epiglottis visible; Grade IV- No
epiglottis visible (figure 1.4).

Figure 1.4: Cormack and Lehane grading.
Statistical analysis was done using
Fisher ‘t’ Test and usefulness of various tests
for identifying difficult intubation were
evaluated by Bayesian method in terms of
Specificity, Sensitivity, Positive predictive
value and Negative predictive Value. A high
Sensitivity is desirable as it will identify most
patients in whom intubation will truly be

difficult. Specificity indicates number of
patients in whom intubations will be
correctly predicted as easy. Positive
predictive value identifies the number of
patients
predicted
to
have
difficult
intubation and a negative predictive value
signifies the number of patients correctly
predicted not to have difficult intubation.
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RESULTS
Data from 150 patients revealed that
there were 94.66% patients in easy
intubation group and 5.33% patients in
difficult intubation group.
Demographic data: Mean age of
patients in difficult intubation group was
45.37±5.7 years and mean age in easy
intubation group was 41.07±12.64 years in

this study. The difference of age between two
groups
was
statistically
insignificant
(p=0.34). The average weight of patients in
difficult intubation group was statistically
higher than those in the easy intubation
group with a p value ˂0.00001. Sensitivity,
specificity, positive predictive value, negative
predictive value and accuracy were
calculated of all tests individually and in
combination (Tables 2 & 3)

Table 2: Sensitivity, specificity, positive predictive value, negative
predictive value, accuracy of all individual tests.
Name of test
Sensitivity
Specificity
Positive
Negative
Accuracy
predictive
predictive
value (PPV)
value (NPV)
MMC
TMD
ULBT

62.5%
50.0%
25.0%

93.0%
95.7%
98.6%

33.3%
40.0%
50.0%

97.8%
97.14%
95.9%

91.33%
93.3%
94.66%

HE
Wilson’s score

87.5%
87.5%

92.3%
98.6%

38.9%
77.5%

99.2%
99.3%

92.0%
98.0%

Table 3: sensitivity, specificity, positive predictive value, negative
predictive value, accuracy of combination of various tests.
Name of the test
Sensitivity Sensitivity PPV
NPV
Accuracy
MMC+ ULBT
12.5%
99.3%
50.0%
95.3%
94.66%
MMC+ Wilson’s
MMC +TMD
MMC+ HE

50.0%
37.5%
50.0%

98.6%
96.5%
96.5%

66.7%
37.5%
44.4%

97.2%
96.5%
97.2%

96.0%
93.33%
94.0%

MMC+ULBT+TMD
MMC+ULBT+TMD+HE+Wilson’s
MMC+ ULBT+HE

12.5%
12.5%
25.0%

100%
100%
100%

100%
100%
100%

95.3%
95.3%
95.9%

95.33%
95.33%
96.0%

MMC+ULBT+Wilson’s
ULBT+TMD
ULBT+Wilson’s
ULBT+HE

12.5%
0.0%
25.0%
25.0%

99.3%
99.3%
99.3%
99.3%

50.0%
0.0%
66.7%
66.7%

95.3%
94.6%
95.9%
95.9%

94.66%
94.0%
95.33%
95.33%

DISCUSSION
Various tests have been used to
predict difficult intubation. An ideal
predictive test of difficult intubation should
be able to distinguish potentially difficult
intubation from the easy ones. Statistically
speaking, it should be simple enough to
allow
routine
clinical
use
during
preoperative visit. It should be versatile to be
applicable to difficult ethnic groups, gender
and age. No single test available till today
satisfies all the above criteria and no single

anatomic factor determines the ease or
difficulty
during
laryngoscopy
and
intubation with the exception of patients
with obvious pathology. Sometimes even
with no pathology, the difficulty at
intubation may occur due to variation in the
normal anatomy of the individuals.
Modified Mallampati classification
(MMC) is one of the most widely employed
methods of airway evaluation. Mallampati
hypothesised that the size of the base of the
tongue, as assessed by visualization of
oropharyngeal structures could be used as a
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clinical test to predict subsequent difficulty
at laryngoscopy and intubation. When
tongue is maximally protruded in seated
patient, there is concealment of faucial
pillars and uvula by the base of the tongue
and
if
the
base
of
tongue
is
disproportionately large, it overshadows the
larynx, rendering the exposure of the larynx
by direct laryngoscopy poor and difficult13.
The original study had a sensitivity of 100%
and a specificity of 80%, but the sensitivity
dropped
to
40-50%
in
subsequent
prospective studies14, 15, 16. The most
important factor which has an influence on
MMC is the inter observer variability17.
Physical factors like phonation, pregnancy
and
labour
do
alter
this
airway
assessment18. We in our study tried to
eliminate all these factors as much as
possible. All the observations were done by a
single person and phonation was strictly
avoided and all the obstetrics patients were
also excluded from this study. Despite all
this we obtained a sensitivity of 62.7%. MMC
has a high false positive rate i.e. low
predictive
value,
which
makes
the
anaesthesiologist overcautious in most of
the patients who do not have a difficult
intubation. But at the same time because of
its low false negative rate i.e. a very high
negative predictive value it rules out chances
of unanticipated difficult intubation.
The next most widely used method to
predict difficult airway is Thyromental
distance (TMD). In our study a TMD
of≤6.5cm was considered to predict a
difficult laryngoscopy and obtained a
sensitivity of 50% and specificity of 95.7%.
This distance reflects the ease of
displacement of the tongue by the
laryngoscope blade by giving an estimate of
mandibular space. After the original study
multiple methods of measuring the distance
were tried and it was concluded that the best
predictive value is achieved with the patient
sitting with the head fully extended19. A
positive predictive value of 100% was
obtained when a TMD less than 6 cm was
used. The subsequent studies defined TMD
of <7 cm to predict difficult intubation.
Inspite of the higher values these studies
increased neither the sensitivity nor the
specificity of this test high enough to justify
the employment of the TMD as the only
predictor of a difficult laryngoscopy. A simple
new technique, Upper lip bite test (ULBT)

was described by Khan et al20 which can
assess a combination of jaw subluxation and
the presence of buck teeth simultaneously.
They conducted many studies subsequently
in various set of patients with different
conditionsand comparing with other tests
and found that the inclusion of these factor
sincreased the accuracy and specificity of
ULBT as compared to MMC (76.5%)21, 22.
Contrary to their findings our study showed
a very low sensitivity of ULBT (25%).
The normal range of head and neck
movement is one of the basic requisites for
endotracheal intubation. Exposure of the
larynx requires some degree of flexion, about
35 degrees in the lower cervical spine and
extension about 80 degree in upper cervical
spine, especially at the atlanto-occipital
joint. This manoeuvre helps in the alignment
of laryngeal, pharyngeal and oral axes23.
Extension of the head can be quantitated by
determining the angle of head extension,
with the lower neck flexed about 30-40
degrees in the sniffing position. The normal
range of this movement is 35 degrees24, 25.
Head extension from neutral to full
extension can be easily measured by a
goniometer26. We measured head extension
using a goniometer and considered a head
extension of ≤20 degrees to be associated
with difficult intubation. A high sensitivity of
87.5% and a high accuracy of 92% were
obtained in our study which indicate that
measurement of head extension can be used
as an individual
predictive measure of
difficult intubation.
Wilson studied different patient
factors in his study and found only five
factors to correlate with difficult intubation
which were: weight, head and neck
movement,
jaw
movement,
receding
mandible and buck teeth. It was also
concluded
that
these
subjective
assessments were not sensitive enough to be
employed alone. In many subsequent
studies Wilson’s score was combined with
short neck and Mallampati and a slight
increase in sensitivity was observed27. In our
study we took risk sum ≥4 as predictor of
difficult intubation. Overall accuracy of the
test was 98% and high positive predictive
value and specificity (77.5% & 87.5%) which
makes it an accurate individual method to
predict difficult intubation.
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To screen and improve the prediction
of a difficult laryngoscopy precisely various
combinations of tests were also evaluated.
Firstly
Mallampati
classification
was
combined with all the tests. Only its
combination with Wilson’s score had a high
accuracy of 96% and sensitivity of 50%.
MMC in combination with other tests gave
low sensitivities like with ULBT 12.5%, TMD
37.5%, HE 50% (low accuracy of 94%). ULBT
was combined with other tests and it was
found that it gave 0% sensitivity with TMD,
25% with Wilson’s Score and 25% with HE.
On combining more than two tests i.e. MMC,
ULBT and HE, a high positive predictive
value was obtained of 100% i.e. it could
predict all difficult intubation cases correctly
and a sensitivity of 25% with accuracy of
96%. Specificity was also 100% i.e. it could
predict all easy intubations correctly.
Combining all the five tests together neither
increased the sensitivity nor the positive
predictive value.

CONCLUSION
No method whether individual or in
combination with others identifies all the
cases of difficult intubation. In our study
both Wilson’s score and Head extension were
the most accurate individual methods to
predict
difficult
intubation.
Also,
combination of Modified Mallampati test and
Wilson’s Score could identify most of the
cases of difficult intubation correctly. When
one more test i.e. Upper lip bite test was
added, there was no increase in the
accuracy, which indicates that combination
of three tests is not required when two tests
combined can give better results.
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Mallampati
Classification; TMD: Thyromental Distance;
ULBT: Upper lip bite test; HE: Head
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