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INTRODUCTION
Evaluation of airway is one of the essential requirements of preop-
erative assessment for any patient scheduled for surgery. Airway 
management remains one of the most important responsibilities 
of an anaesthesiologist [1]. Failure in managing the airway is the 
most important cause of mortality in patients undergoing general 
anaesthesia. About 50%-75% of cardiac arrests during general 
anaesthesia are because of difficult intubation [2]. The reported data 
for difficult intubation varies from 1.5%-13% [3] and is found to be 
14% in the obese population [4].

The Body Mass Index (BMI) is a parameter recorded in every chart. 
It is a consistent data collected as standard of care in patient’s mass 
(M) and height (H) based on the formula: BMI=Wt(kg)/Ht(m2). BMI 
correlates with the amount of body fat. According to this index, 
people are further classified as underweight (<18.5 kg/m2), normal 
(18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), obese (30–34.9 kg/
m2), and morbidly obese (>35 kg/m2) [4]. Lundstorm LH et al., in their 
study showed that that there was a significant but weak correlation 
between the BMI and risk of difficult intubation [5]. However, obesity 
has been identified as a risk of difficult mask ventilation; Kheterpal 
S et al., in their study did 22,660 attempts of mask ventilation 
and concluded that a BMI of 30 or more was an independent risk 
factor for the combination of difficult mask ventilation and difficult 
intubation [6]. The measurement of neck circumference has been 
seen to have a good correlation with age, weight, waist and hip 
circumferences, waist-to-hip ratio, and BMI for both genders and 
has been used recently to identify overweight and obesity [7]. 
NC correlates positively with changes in the systolic and diastolic 
pressure and other components of the metabolic syndrome and is 
considered as an index of upper body obesity [8].

Various scoring systems have been used to predict difficult airway, 
the most commonly used universal bedside tool is the MMS, given 

by Mallampati. Mallampati was born in Andhra Pradesh, India, in 
1941 and was educated and immigrated to the United States of 
America in 1971. Whilst working, he encountered a patient who was 
difficult to intubate. The patient had a normal head and neck. He 
found that the tonsils and uvula were concealed by the base of the 
tongue; hence Mallampati suggested that this anatomical feature 
would be a sign of a difficult intubation. He subsequently validated 
this clinical sign and refined it to the four grade system that is now 
widely in use for preoperative airway assessment [9]. For performing 
the MMS examination, the patient must sit upright with his or head 
in neutral position; tongue maximally protruded and no phonation 
and the grading is done according to the visible structures [10].

There is increasing incidence of obesity worldwide and obese 
patients require detailed airway assessment, because of increased 
fatty tissue distributed in a truncal fashion, which often leads to 
negative impact on the airway patency and respiratory function. 
In a study performed by Mashour GA and Sandberg WS [11], it 
was shown that the EMS was associated with improved specificity 
and positive predictive value. In another study, Mashour GA et al., 
showed that the EMS predicted difficult laryngoscopy better than 
the MMT in the morbidly obese populations [12]. 

The aim of the study was to find the relation between grading of 
Mallampati score, EMS and BMI and also to see for interobserver 
agreement between MMS and EMS.

MATERIALS AND METHODS
After obtaining institutional approval from Ethic Committee of our 
university and taking written informed consent from the subjects, 
this cross-sectional prospective observational study was performed 
on 323 subjects (from March 2016 to August 2016). According to a 
previous study conducted by Safavi M et al., the incidence of grade 
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ABSTRACT
Introduction: There is increasing incidence of obesity worldwide. 
Since obese patients have an increased fatty tissue distributed in 
a truncal fashion, they may have an important and negative impact 
on the airway patency and respiratory function. Various scoring 
systems have been used to predict difficult airway, the most 
commonly used universal bedside tool is the Modified Mallampati 
Scoring (MMS). It was shown that the Extended Mallampati Score 
(EMS) predicted difficult laryngoscopy better than the MMS in the 
obese populations. 

Aim: To evaluate the association of Mallampati score and EMS 
in adults. 

Materials and Methods: This cross-sectional prospective 
observational study was performed on 323 subjects. The selection 
method included convenience sampling technique. Patient data 

which included name, age, sex, weight, height, Body Mass Index 
(BMI) and Neck Circumference (NC), Mallampati Score, and 
EMS were collected by two observers, anaesthesiologists. The 
observers noted their findings of MMS and EMS on the same 
patient independently. Their findings were entered independently 
and disclosed only during analysis. 

Results: There was good agreement between the observers 
(kappa value 0.635) for MMS and EMS. The intraobserver 
correlation coefficient was 0.8 for MMS (p<0.001) and 0.7 
(p=0.004) for EMS which was significant. A positive correlation 
between sex and NC with BMI, MMS and EMS was seen. 

Conclusion: From this study we concluded that there was no 
difference between the MMS and EMS. There was interobserver 
agreement between MMS and EMS and a positive correlation of 
body mass index with MMS and EMS was seen.
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[Table/Fig-1]: Demographic criteria, n = 323 (mean ± standard deviation).

[Table/Fig-2]: Sex correlation.

[Table/Fig-3]: MMT measure of agreement kappa value: 0.635.

[Table/Fig-4]: EMS measure of agreement kappa value: 0.715.

[Table/Fig-5]: Intraobserver correlation (observer 1).

[Table/Fig-6]: Intraobserver correlation (observer 2).

and NC are shown in [Table/Fig-1]. There was significant difference 
between males and females with regard to MMS and EMS, the 
proportion of patients with Grade 3 and Grade 4 for MMS (p=0.001) 
and EMS (p=0.001) was more in males than in females and was 
statistically significant as shown in [Table/Fig-2]. There was good 
agreement between the observers (kappa value 0.635) for MMS as 
seen in [Table/Fig-3] similarly there was good agreement between 
the observers (kappa value 0.715) for EMS as seen in [Table/Fig-4]. 
The intraobserver correlation coefficient was 0.8 for MMS (p<0.001) 
and for EMS was 0.7 (p=0.004) which was statistically significant as 
seen in [Table/Fig-5,6].

2 MMS was 28% in the general population based on this we came 
to a conclusion on our sample size, the α-error level was fixed at 
0.05 and power was set at 80%, and the sample size requirement 
was 310 subjects however we included 323 subjects [13]. Body 
mass index and age of the subjects were subgrouped and data was 
analysed using chi-square statistics.

The subjects included medical and nursing undergraduates/
postgraduates and consenting patients in the clinical outpatient 
departments. The selection method included convenience sampling 
technique. This prospective cross-sectional study was performed 
on patients who were above the age of 18 and had the ability to 
sit and open their mouth and had no previous history of burns or 
trauma to the  airway or any tumours or mass in the laryngeal, facial 
and cervical region and had no restricted mobility of the neck and 
mandible (e.g., Rheumatoid arthritis or cervical disk disorders). 

Patient data which included name, age, sex, weight, height, BMI 
and NC, Mallampati score, and EMS were collected. The subjects 
were in standing position and height was measured in centimeters, 
weight in kilogram and BMI was henceforth deducted from this. NC 
(cm) at the level of the thyroid cartilage was measured. Mallampati 
score and EMS (head in extension and eyes of the investigator 
should be in line with eye of the subject) were recorded.

Samsoon and Young’s modification of the Mallampati test [3] recorded 
oral cavity structures visible upon maximum mouth opening with the 
patient seated and the head in neutral position, each subject was 
asked to open his /her mouth as much as possible and to protrude 
the tongue without phonation.

The view was classified as:

Grade 1: Good visualization of the soft palate, fauces, uvula •	
and pillars;

Grade 2: Pillars obscured by the base of the tongue but the •	
soft palate, fauces and uvula visible;

Grade 3: Soft palate and base of uvula visible;•	

Grade 4: Soft palate not visible;•	

EMS: The EMS was performed with the patient sitting, extension 
at the craniocervical junction, mouth open fully; tongue protruded 
maximally, no phonation, and the examiner eye–to eye [12]. EMS 
was classified as:

Entire uvula clearly visible;•	

Upper half of uvula visible;•	

Soft and hard palate clearly visible;•	

Only hard palate visible.•	

Our study included two observers, anaesthesiologists with more 
than two years experience in anaesthesia, who assessed the 323 
subjects. The observers noted their findings of MMS and EMS 
on the same patient independently. Their findings were entered 
independently and disclosed only during analysis.

RESULTS
Three hundred and twenty three patients were included in the study. 
Demographic characteristics; the mean for age, weight, height, BMI 

Sex Correlation MMS, p=0.001

Sex Class 1 Class 2 Class 3 Class 4 total 

Male 68 34 14 5 140

Female 133 41 9 0 183

Total 205 95 22 5 323

Sex Correlation eMS, p=0.001

Male 71 51 13 5 140

Female 139 35 5 0 183

Total 210 86 22 5 323

Mean Standard deviation

Age 42.34 14.8

Weight 63.10 13.94

Height 161.24 9.87

BMI 29.98 6.77

Neck circumference 14.43 1.28

MMt
eMS

1 2 3 4

1 159 29 0 0

2 41 61 6 0

3 1 7 9 3

4 0 0 5 2

Total 201 97 20 5

observer 2

observer 1 2 3 4

1 170 31 0 0

2 18 72 50 0

3 0 5 143 3

4 0 0 1 4

observer 2

observer 1 2 3 4

1 188 22 0 0

2 13 70 3 0

3 0 5 15 2

4 0 0 2 3

MMt
eMS

1 2 3 4

1 193 8 0 0

2 17 78 0 0

3 0 0 22 0

4 0 0 0 5

Total 210 86 22 5

DISCUSSION
The results show a positive correlation of NC with BMI, MMS, 
and EMS in both male and female subjects. Several studies have 
examined the association of conventional anthropometric measures 
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of obesity with NC [14-16]. Onat et al., found a strong correlation 
of NC with BMI, waist circumference, insulin resistance, and blood 
pressure [14]. Yang GR et al., found NC to have a strong correlation 
to BMI, WC, and metabolic syndrome in Chinese subjects having 
type 2 diabetes mellitus [15]. High Mallampati score and large NC 
have probably been the best single risk factor for difficult intubation 
in the obese [4,17,18]. NC can be used as an initial screening tool 
as it has been shown to contribute independently to overweight 
and obesity. It is a straightforward and inexpensive test that can be 
performed in any office with a tape measure.

A positive correlation of sex with BMI, MMS and EMS was seen. 
Camhi SM et al., reported that sex differences, and in some 
instances racial differences need to be considered when predicting 
adiposity from WC or BMI [19]. Ezri T et al., in their study found 
that an increased laryngoscopy grade had a positive correlation 
with increased age, male sex, protruding upper teeth, loose teeth, 
and increased airway class, but not with increased BMI which was 
similar to our study [20].

The Mallampati score is the most commonly used method to 
predict a difficult tracheal intubation by anaesthesia care providers 
[21]. The Mallampati score was found to estimate the size of 
the tongue relative to the oral cavity and indicated whether the 
displacement of the tongue by the laryngoscope blade was likely 
to be easy or difficult. It also assessed whether the mouth could 
be opened adequately to permit intubation. The Mallampati test 
evaluates not only the pharyngeal structure but also head and neck 
mobility but, due to its subjectivity, the test has proved to be an 
imperfect predictor of a difficult airway with low inter-rater reliability 
[22]. Another limitation is the lack of consensus on what constitutes 
a difficult airway. In a study done by Uribe AA et al., they found that 
an increased Mallampati score and BMI were predictors of difficult 
tracheal intubation in adult patients [23]. In our study we found a 
positive correlation of BMI with MMS and EMS. We also found a 
positive correlation of MMS and EMS between the two observers 
which were similar, while there was no correlation with regards to 
age. There was significant intraobserver correlation in the MMS 
and EMS groups. However, Safavi M et al., in their study reported 
that the EMS was a better predictor of difficult laryngoscopy than 
MMS [13]. The limitation to our study was that we did not confirm 
our findings with the Cormack–Lehane scale. The method allows 
grading the extent of glottis and laryngeal visualization using direct 
laryngoscopy. We plan to continue our study further and hence 
confirm our findings.

CONCLUSION
From this study we concluded that there was no difference between 
the MMS and EMS. There was interobserver agreement between 
the MMS and EMS and a positive correlation of BMI with MMS and 
EMS. On the basis of our findings the use of the MMS and EMS 
should be considered for routine airway screening.
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