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A b s t r ac t
Background: Modified Mallampati test is a standard method of assessing the airway for predicting potentially difficult laryngoscopy
and intubation. It is performed in sitting position, while intubation is done in supine position. It is unclear whether a change in
position while assessment of the Mallampati class causes significant changes in prediction of a difficult airway, and if it does,
then whether we need to change our guidelines currently in place.
Materials and methods: This prospective study was conducted in 350, ASA I and II patients undergoing various routine surgical
procedures under general anesthesia, over a period of 18 months. The airway assessment was done using modified Mallampati
grade in sitting and supine positions. Mallampati grade of III or IV was defined as the predictor of difficult airway. The laryngoscopy
grade was assessed using the Cormack and Lehane grading scale. Grade III or IV of Cormack and Lehane grades was defined as the
difficult laryngoscopy and assumed as the predictor of difficult intubation. Statistical measures including sensitivity, specificity,
positive and negative predictive values, and accuracy were used for comparing the two positions for predicting difficult or ease
of intubation.
Results: Out of 350 patients, Mallampati grade III or IV was observed in more patients in a supine position compared to sitting
position (12.29 vs 4.57%). Difficult laryngoscopy was observed in 23 (6.57%) patients. Sensitivity of modified Mallampati test
was comparable in both the positions (sitting 97.55 vs supine 92.66%). Specificity was better in supine position as compared to
sitting, 65.22 and 34.78%, respectively. Positive predictive value for difficult intubation in sitting position and supine positions
were 95.5 and 97.43%, respectively, while negative predictive values were 50 and 38.46%. The diagnostic accuracy in both
positions was comparable; sitting 93.43% and supine position 90.86%. The kappa agreement was 0.377 for sitting position
and 0.437 for supine position, hence shows a fair agreement for both the sitting and supine positions in the prediction of
difficult intubation.
Conclusion: There was no statistically significant difference between airway assessment conducted in sitting and supine
positions. The modified Mallampati classification (MMC) in supine position can be used to predict difficult tracheal intubation
with comparable efficacy as in the sitting position.
Keywords: Airway assessment, Difficult intubation, Modified Mallampati grade, Sitting position, Supine position.
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Introduction
The Mallampati score, described by the Indian-born American
anesthesiologist Seshagiri Mallampati in the year 1985,1 is
to date used in its modified form introduced by Samsoon
and Young in 1987,2 to predict the ease of endotracheal
intubation. Airway assessment remains a challenge in
patients who are bedridden, even MPC assessment a simple
bedside procedure is difficult.
Patients who are unable to achieve the sitting position
for formal airway assessment, such as due to pain, spinal
injuries, in emergency situations, and so forth, are assessed
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for Mallampati class in the supine position. It is not known
whether a change in position while assessment of the
Mallampati class causes significant changes in prediction
of a difficult airway, and if it does, then whether we need to
change our guidelines currently in place.3

Aims

and

Objectives

Primary Objectives
To compare the diagnostic accuracy of airway assessment
using the MMC performed in sitting and supine positions in
predicting difficult laryngoscopy and tracheal intubation.

Secondary Objective
To compare variability in MMC in sitting and supine positions.

M at e r ia l s

and Methods
Three hundred and fifty patients were recruited in a
prospective observational study after obtaining approval
from Institutional Ethics Committee approval.
Inclusion criteria were, elective surgery under general
anesthesia with endotracheal intubation under direct
laryngoscopy of age group 18–65 years with ASA grade I
and II were included in the study. The exclusion criteria were,
pregnant women, reduced mouth opening, and endotracheal
intubation performed by rapid sequence induction.
Preoperatively patients were assessed, consent was
taken, and nil per oral (NPO) was confirmed. On the day
of surgery, MMC was assessed in upright position with the
head in neutral position, the mouth wide open, and the
tongue protruded, without phonation. Once inside the
operation theater, on table, the MMC was again assessed in
the supine position, with the mouth widely opened, tongue
protruded, in the absence of phonation. The oropharyngeal
structure during each of the four categories were classified
as follows:

MPC class I: soft palate, fauces, and entire uvula and
pillars seen
• MPC class II: soft palate, fauces, and portion of uvula seen
• MPC class III: soft palate and base of the uvula seen
• MPC class IV: hard palate only, soft palate not visible at all
•

Standard care of monitors like pulse-oximeter, non-invasive
blood pressure monitor, electrocardiogram, capnograph
were attached. Preoperative readings were noted. IV line
was secured. Intravenous fluid was started. The patient
was preoxygenated with 100% oxygen for 3 minutes.
Premedication with midazolam 0.03 mg/kg IV and fentanyl
2 mcg/kg IV was given. Induction of anesthesia was done
with propofol 2 mg/kg IV. Rocuronium 1 mg/kg IV was
used as muscle relaxant. After adequate muscle relaxation,
laryngoscopy was performed with a Macintosh laryngoscope
by an operator with at least two years’ experience in
anesthesiology, with the head in the sniffing position, using a
head ring with 5–7 cm elevation of the head above operation
theatre (OT) table.
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The laryngoscopy grading was done during intubation
according to the Cormack–Lehane grading score as follows:
Grade I: full view of the glottis
Grade II: partial view of the glottis/arytenoids
Grade III: only epiglottis visible
Grade IV: neither glottis nor epiglottis is visible
Endotracheal intubation was confirmed by five-point
auscultation and the capnography trace.
Laryngoscopy and intubation were graded as difficult
if CL grade III and IV, more than two attempts for glottis
exposure/intubation, and/or alternative measures of
intubation like bougie, videolaryngoscope, and fiberscope
were used. Any intubation procedure which took more than
10 minutes was defined as difficult intubation.
Further procedure and surgery proceeded as planned.

S tat i s t i c a l A n a lys i s
Sample Size Calculation
Previous literature search suggested that accuracy of MMC
in predicting difficult intubation in upright position was
81%, while in supine position was 72%. Substituting these
values in the formula. A value of 0.05 and a power of 0.80
the sample size calculated was 346. So, 350 patients were
included in the study.

Data Analysis
The data were entered in Microsoft Excel and analyzed using
Epi info version 7.1. The qualitative variables were expressed in
terms of percentages. To find the significance level between two
proportions, Chi-square test or Fischer’s exact test were applied.
The quantitative variables were expressed in terms of mean
and standard deviation for normal data and in terms of median
and interquartile range (IQR) for non-normal data. To test the
difference between two means Student’s t-test was used and
to test difference between two medians Mann–Whitney U test
was used. To compare the agreement between the predicted
difficulty level and the actual level for two positions, kappa
agreement was used. The sensitivity, specificity, positive
predictive value, negative predictive value, and diagnostic
accuracy of both the positions were calculated. All values were
two tailed and significance value was set to be less than 5%.

R e s u lts
Three hundred and fifty subjects were studied over a period
of 18 months between 2016 and 2018. Difficult intubation
was noted in 23 (6.57%) patients, in both sitting and supine
position (Table 1).
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Table 1: Characteristics and univariate comparison of patients with or without difficult tracheal intubation
Difficult
Parameters
Age
Male
Female
Cormack–Lehane
I
II
III
IV
ELM used
Yes
No
No. of attempts
1
2
3
4
Mouth opening
>3 fingers
<3 fingers
Neck movements
Normal
Restricted
Thyromental distance
   > 6.5cm
≤6.5cm
Slux
−1
0
+1
Time required for intubation

Easy

No./mean/
median

%/SD/IQR

No./mean/
median

%/SD/IQR

p-value

44.39
18
5

13.90
78.26
21.74

38.93
161
166

12.78
49.24
50.76

0.0795
0.0071

0
17
6
0

0
73.91
26.09
0

310
17
0
0

94.80
5.20
0
0

36
291

11.01
88.99

23
0

100
0

<0.001

<0.001

3
13
6
1

13.04
56.22
26.09
4.35

306
21
0
0

93.58
6.42
0
0

22
1

95.65
4.35

325
2

99.39
0.61

0.1849

19
4

82.61
17.39

321
6

98.17
1.83

<0.001

20
3

86.96
13.04

322
5

98.47
1.53

0.012

0
1
22
2.91

0
4.35
95.65
1.53

1
5
321
1.04

0.31
1.53
98.17
0.20

<0.001

0.5837
<0.001

ELM, external laryngeal manipulation; SD, standard deviation

In the sitting position, MMC class I and II airway 189
(54%) and 145 (41.43%), respectively. Difficult airway MMC
class III were 16 (4.57%) patients while no patient was with
MMC class IV.
While, in the supine position 102 (29.14%) patients had a
MMC class I, 205 (58.57%) had class II, 40 (11.43%) had a class
III, and 3 (0.86%) had a class IV airway (Table 2).
One hundred and two subjects had an MMC class I in
both sitting and supine positions, while 87 had a class I
airway in sitting while class II airway in supine position. One
hundred and eighteen subjects had a class II airway in both
sitting and supine positions, while 27 subjects had a class II
airway in the sitting position but class III airway in the supine
position. Thirteen patients had a class III airway in both the
sitting and supine positions, while 3 subjects had a class
44

III airway in the sitting position and a class IV airway in the
supine position (Table 3).
Difficult intubation in MMC class I & II, 15 in sitting
position, while 7 patients in supine position. Three hundred
and nineteen, 300 subjects had an easy intubation with MMC
class I & II sitting position and supine position, respectively.
Eight subjects with MMC class III & IV in the sitting position
had a difficult intubation, while 8 subjects had an easy
intubation (Fig. 1). Sixteen subjects with MMC grade III & IV
in the supine position had a difficult intubation while
27 subjects had an easy intubation.
There was some difference in the number of actual
difficult intubation and predicted with the MMC criteria
(Tables 4 and 6). In the sitting position, MMC had a sensitivity
of 97.55% and specificity of 34.78% in predicting difficult
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Table 2: Distribution based on Mallampati scoring in sitting and supine position
Sitting
Mallampati scoring

Supine

No. of patients

Percentage

No. of patients

Percentage

189
145
16
0
350

54.00
41.43
4.57
0
100

102
205
40
3
350

29.14
58.57
11.43
0.86
100

I
II
III
IV
Total

Table 3: MMC in the sitting vs supine position
MPC supine
MPC sitting
I
II
III
IV

I
102
0
0
0

II
100
0
0
0

87
118
0
0

III
42.44
57.56
0
0

0
27
13
0

IV
0
67.50
32.50
0

0
0
3
0

0
0
100
0

Table 4: Comparison of predicted difficult intubation sitting vs
the actual intubation
Actual intubation

Fig. 1: MMC vs ease of intubation

intubation. Thus, it showed a positive predictive value
of 95.51 and negative predictive value of 50. Diagnostic
accuracy was 93.43. Kappa agreement was 0.377.
In the supine position, MMC had a sensitivity of 92.66 %
and specificity of 65.22 % in predicting difficult intubation.
Thus, it showed a positive predictive value of 97.43 and
negative predictive value of 38.46. Diagnostic accuracy
was 90.86. Kappa agreement was 0.437 (Table 5 ).

Discussion
Tracheal intubation is a complex skill that is difficult to
acquire, but a tracheal tube is the optimal method for
assisting ventilation while protecting the airway from the
risks of aspiration in unconscious patients.4
Unexpected difficulties in endotracheal intubation can be a
significant etiological factor in morbidity and mortality in clinical
practice. Previous studies demonstrated that death and/or brain

Sitting predictated intubation

Easy

Difficult

Easy
Difficult
Total

319
8
327

15
8
23

damage occurred in 85% of such cases.5 Hence, it is crucial
to identify the patients who are at risk of difficult intubation.
Various methods/airway-specific tests have been devised to
anticipate the patients with difficult intubation. However, there
is no ideal tool that can be utilized for such assessment.6
The incidence of difficult laryngoscopy and intubation
in our study was 6.5%. There were no failed intubations.
In a study by Hanouz et al.7 the incidence was 5.1%, while
Khatiwada et al. and Khan et al. reported 6.0 and 4.2%,
respectively.5,6 As there is no universal definition to define
difficult tracheal intubation, some variation is expected.
The modified Mallampati test is a widely accepted,
popular morphologic test to predict a potentially difficult
airway.1 It was originally defined to be performed in the
sitting position with head in the neutral position, mouth fully
open, tongue protruded maximally. 2 However, in routine
clinical practice, it might not be possible or not advisable
to assess patients in the sitting position, due to pain,
hemodynamic instability, cervical spine injuries. The present
study focused the effect of patients’ position on predicting
difficulty of intubation. We did not find any statistically
significant difference between airway assessment conducted
in sitting and supine positions.8,9
In a study by Van Holsbeke et al. they concluded that the
airway becomes significantly smaller when lying down.10 In
our study, although we observed a shift to a higher MMC
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Table 5: Diagnostics accuracy between MMC in sitting and supine in predicting difficult intubation
Screening parameters
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Diagnostic accuracy

MMC sitting

MMC supine

Difference between the two

97.55
34.78
95.51
50
93.43

92.66
65.22
97.43
38.46
90.86

4.89
−30.44
−1.92
11.54
2.57

Table 6: Comparison of predicted difficult intubation supine vs
the actual intubation
Actual intubation
Supine predictated intubation

Easy

Difficult

Easy
Difficult
Total

303
24
327

8
15
23

grade with change from sitting to supine position, this did
not reflect in the prediction of difficult tracheal intubation.
Various studies also showed effect of posture on mouth
opening and MMC for airway assessment. Bindra et al.,4 and
Khatiwada et al.5 observed a significant change in the MPC
grade to a higher class in patients when they were studied in
the supine positions from the sitting position.
In our study, changing the position from sitting to supine
changed the MMC to a higher grade. In 29.14% (102) subjects
MMC class I was noted in both sitting and supine positions,
while 24.86% (87) had a class I airway in sitting and class II
airway in supine position. 33.71% (118) subjects had a class II
airway in both sitting and supine positions, while 7.71% (27)
subjects had a class II airway in the sitting position and class III
airway in the supine position. 3.71% (13) patients had a class
III airway in both the sitting and supine positions, while 0.86%
(3) patients had a class III airway in the sitting position and a
class IV airway in the supine position. No patient had a class IV
airway in both the sitting position.
Previously published studies reported no change
in the diagnostic characteristics of the Mallampati test
between sitting and supine positions to predict difficult
laryngoscopy. 3,10–12 Same was observed in our study, the
diagnostic accuracy of MMC in sitting position was 93.43%
and for supine position was 90.86%. Sensitivity of MMC in
predicting difficult intubation in the sitting position was 97.5%
and in the supine position was 92.66%. Therefore, we found
that both the positions are comparable in predicting difficult
intubations as a proportion of all intubations that were difficult.
Specificity of MMC in predicting difficult intubation in
the sitting position was 34.78% and in the supine position
was 65.22%. Hence, we found that the supine position is
a better predictor of easy intubation as a proportion of all
intubations that were truly easy.
Positive predictive value (PPV) of MMC in predicting
difficult intubation in the sitting position was 95.5% and in
the supine position was 97.43%. It was observed that both the
46

positions are comparable in predicting difficult intubations
as a proportion of all predicted difficult intubations. Our
results yielded a higher PPV for MMC conducted in both
positions than previous studies. Hanouz et al. reported a
comparable PPV of the MMC in both positions (18%).7 Bindra
et al. reported better PPV in sitting and supine as 31 and 69%,
respectively.4 Khatiwada et al. reported a PPV of 13% in sitting
and 10% in supine positions,5 while Khan et al. reported a PPV
of 14 and 9% in both positions, respectively.6
Negative predictive value (NPV) of MMC in predicting
difficult intubation in the sitting position was 50% and in
the supine position was 38.46%. Thus, we found that the
sitting position is a better predictor of easy intubation as
a proportion of all predicted easy intubations. The kappa
agreement was 0.377 for sitting position and 0.437 for supine
position. This shows a fair agreement for both the sitting and
supine positions in prediction of difficult intubation.
Our study had certain limitations that deser ve
consideration. This study was performed in adults and
the same results cannot be extrapolated to pediatric and
obstetric patients. The generalized ability of the study is also
affected by its single-center design. We included patients
scheduled for elective surgeries only and not for emergency
procedures. We did not study the influence of phonation on
the Mallampati class. Also, we did not study association of
difficult mask ventilation as predicted by the MMC in sitting
and supine positions. Interobserver variability is an important
factor to consider, we lack data on the interobserver variability
of the Mallampati test (MLPT) within the anesthesiologist
pool. However, previous studies have found little effect of
interobserver variability on the MLPT score.13 In addition,
it is likely that the interobserver variability in this study is
representative of that existing in daily clinical practice. Further
studies are required to evaluate these situations.

C o n c lu s i o n
In this study, after evaluating and comparing predictive
power of modified Mallampati test in both sitting and
supine positions, we concluded that airway assessment by
MMC in both the positions is comparable in prediction of
difficult laryngoscopy and intubation in regard to sensitivity,
specificity, positive and negative predictive value, and
diagnostic accuracy. There was no statistically significant
difference between airway assessment conducted in
these two positions. Although we observed a shift to a
higher MMC grade with change from sitting to supine
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position, this did not reflect in the prediction of difficult
tracheal intubation.
The MMC in supine position can be used to predict
difficult tracheal intubation with comparable efficacy as in
the sitting position.
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