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Objective: Current predictive airway tests focus on the tongue, but are subjective in 
nature and vary largely depending on the clinician performing them. We aimed to 
develop a method using digital imaging to quantify the size and shape of the tongue 
and the area left unoccupied in the oral cavity. Our goal was to develop an alternative 
airway assessment that was precise and objective.

Methodology: Photographs were taken by our clinical research team. A total of 9 
photographic images were taken and analyzed by 7 members via ImageJ software 
obtained from the National Institute of Health (NIH) to measure the size and shape 
of the tongue using an area measurement (in cm2), the area of the teeth, the area 
of the unoccupied space, the area of the entire oral cavity (minus lips). The ratio of 
the unoccupied area to the entire oral cavity was calculated by dividing the area of 
the unoccupied area by the area of the entire oral cavity and multiplying by 100. In 
addition, intra- and inter-rater reliabilities were also measured to assess the precision 
of the objective exam.

Results: A wide variety of sizes and shapes of tongues in the oral cavity was found. The 
ratio of the unoccupied area to the entire oral cavity ranged from 19.7 to 47.8. We also 
found a high precision defined by intra- and inter-rater reliability of 1.638×10-4 and 
3.347×10-4, respectively.

Conclusion: Due to the variation in the sizes and shapes of the tongues, the unoccupied 
area left in the oral cavity differed among the images analyzed. Therefore, the ratio of 
the unoccupied area to the entire oral cavity varied extensively. Overall, our alternative 
method may allow for a more precise, objective airway assessment.
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INTRODUCTION
Anesthesiologists use preoperative airway tests to 
assess the anatomical structures in the oral cavity in 
an attempt to predict which patients may be difficult 
to perform laryngoscopy and/or intubation.1 Many 

subjective airway tests have been developed, and 
though useful, there is a considerable lack of precision 
between different clinicians’ assessments.2-6 Imaging 
studies have been used in the past to assess different 
anatomic structures involved in airway management, 
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but require expensive radiological equipment and/or 
complex software analysis.7

Mallampati classification is a widely used airway 
exam performed prior to airway management. It is 
determined by a visual assessment of how much the 
protruded tongue obstructs the view of the tonsillar 
pillars.1,8 Tongue size in relation to lingual fat has 
been proposed to correlate with, and possibly explain 
Mallampati classifications, with large tongues 
indicating higher likelihood for difficult intubation.9 
The tongue may vary in both its size and shape in 
the oral cavity, and may impact airway management 
differently depending on these features. Thus, the 
unoccupied area in the oral cavity may be a better 
measurement to use. Additionally, the Mallampati 
exam has a low sensitivity and specificity; therefore, 
there is a need for an alternative precise, objective 
airway assessment.7,10 

A simple, free software tool that uses digital imaging 
(DI) to measure the anatomic structures in the 
oral cavity may be an objective, precise, quick, and 
reliable method.11 The goal of our study was to use 
this DI software to measure the size and shape of the 
tongue, as well as the area available (or unoccupied) 
in the oral cavity. We then calculated a ratio of the 
unoccupied area to the rest of the oral cavity. Our 
secondary objective was to measure the intra-and 
inter-rater reliability to determine the precision of our 
method. We present our initial experience using DI as 
an objective tool for measuring anatomic structures, 
specifically the size and shape of the tongue, and the 
ratio of the unoccupied area to the oral cavity.

METHODOLOGY
Institutional Review Board approval was not required 
as the project was designed as an internal project 

and the research team members served as research 
subjects, though written consent was still obtained. 
ImageJ, a free software by National Institutes of 
Health (NIH) available for Mac, Windows, and 
Linux operating systems, was downloaded from 
http://imagej.nih.gov/ij/download.html and installed 
on an encrypted computer. Competency of program 
operation was attained by the research personnel via 
tutorials and practice using the program. Microsoft 
Excel was used in conjunction with ImageJ as it 
provided the best way to quickly calculate the means, 
standard deviations, and ratios.

Images of 9 research team members were taken on 
an encrypted, password protected Apple iPad®. 
Each image contained the frontal view of the oral 
cavity with the tongue maximally protruded. Within 
the plane of the mouth opening, a metric ruler that 
depicted centimeters was placed beside the oral 
cavity. ImageJ was calibrated so that 1-cm distance 
was equal to a set number of pixels using the ruler in 
the image (Figure 1a). Images were transferred to a 
computer, which took less than 3 min depending on 
the analyzer’s familiarity with the process. 

Using ImageJ’s measurement functions, the area of 
the entire oral cavity minus the lips was measured. 
The area occupied by the tongue was measured, 
followed by the area occupied by the teeth, and finally 
the unoccupied area within the oral cavity (Figure 
1b). The total time required for analysis in ImageJ 
was less than 5 min depending on each individual’s 
familiarity with the program. The ratio of the 
unoccupied area in the oral cavity was calculated by 
dividing the area of the unoccupied area by the area of 
the entire oral cavity and multiplying by 100 (Figure 
1c). Each of these measurements was entered into a 
pre-made Excel® datasheet. Further details of the 

formulas in the datasheet 
and how to operate the 
ImageJ program are 
found in Table 1 and 2 
and Box 1, respectively. 
The shapes of the tongue 
were also determined. 

In order to measure 
precision, standard 
deviations and variances 
were found for the 
measurements of one 
photo taken by one 
rater repeated 6 times 
of the structures in the 
oral cavity (total area of 

Table 1: Measured parameters of all of the subjects

Sample # Total Area of Mouth 
(Excluding Lips) in cm2

Area of Tongue 
(cm2) Area of Teeth (cm2) Unoccupied Area

1 A B C D

2 E F G H

3 I J K L

4 M N O P

5 Q R S T

6 U V W X

7 Y Z a b

8 c d e f

9 g h i j

Scale set = 1 cm
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oral cavity, percent area of tongue, teeth, teeth and 
tongue, and unoccupied area) to determine intra-
rater reliability. Then, the standard deviations and 
variances were calculated for the mean values of 
each measurement of one photo between 7 different 
raters to determine inter-rater reliability. The means, 
standard deviations (SD), and variances were found 
using Microsoft Excel®.

RESULTS
Variability in Tongue Size and Shape

We found a wide variation in tongue sizes and shapes 
in relation to the oral cavity among the different 
images. The mean area of the tongue was 16.45 ± 4.82 

Small

Small

Oral Cavity Area

Large

Large

Tongue Area
(11.84, 38.11)

(21.64, 38.12)(20.03, 29.65)

(9.35, 14.60)

Figure 2:	 a) The variability in tongue size shown as a grid 
of small tongue, small oral cavity; small tongue, large oral 
cavity; large tongue, small oral cavity; and large tongue, 
large oral cavity. The areas of the respective structures are 
represented by (tongue area (cm2), oral cavity area (cm2)).

Figure 2:	 b) The variability in tongue shape between the 
clinical research team members is depicted.

Figure 1: a) Method to calibrate the scale prior to analysis

Figure 1: b) Method to measure areas in ImageJ

Figure 1: c) Method to calculate the necessary oral cavity 
structures.
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images. The ratios ranged from 19.7 to 47.8, with 19.7 
representing the oral cavity with the least amount of 
unoccupied area available and 47.8 representing the 
oral cavity with the most amount of unoccupied area 
available. Figure 3 shows the ratio that was calculated 
with its respective image.

Precision Determined by Intra-rater and Inter-rater 
Reliability 

The intra- and inter-rater 
reliability were 1.638 × 10-4 
and 3.347×10-4, respectively 
indicating a high precision of 
the method (Box 2).

DISCUSSION 
We found that there was a 
large variability in the digital 
imaging analysis of the sizes 
and shapes of tongues. We 
found that the size of the 
tongue was only important if 
given in relation to the rest 
of the oral cavity. Therefore, 
we calculated the ratio of 
the unoccupied area to the 
entire oral cavity, with small 
numbers meaning the tongue 
takes up a large proportion 
of the oral cavity leaving 
little unoccupied area to 
maneuver an airway device 
for intubation. Using our 
digital imaging technique 
with ImageJ software, our 
study obtained high intra- 
and inter-rater reliability. 

Table 3: Ratio of the unoccupied space available in the oral cavity

Image #
Area of Entire
 Oral Cavity 

(cm^2)

Area of the 
Tongue (cm^2)

Area of the 
Teeth (cm^2)

Area of Occupied 
Space (cm^2)

Area of the 
Unoccupied Space 

(cm^2)

Ratio of the 
Unoccupied Space 

1 31.749 20.226 2.777 23.003 6.479 20.4

2 27.667 15.415 1.634 17.049 8.331 30.1

3 28.453 17.893 1.750 19.643 7.943 27.9

4 15.207 10.522 0.192 10.714 3.210 21.1

5 38.111 11.835 6.012 17.847 18.21 47.8

6 29.200 21.098 0.448 21.546 7.334 25.1

7 38.122 21.644 5.816 27.460 8.052 21.1

8 29.648 20.026 2.713 22.739 5.845 19.7

9 14.596 9.35 1.443 10.793 3.194 21.9

cm2 (9.35-21.64 cm2). The mean area of the oral cavity 
was 28.08 ± 8.41 cm2 (14.60-38.12 cm2) (see Figure 
2a). See Figure 2b for the variety of tongue shapes.

Ratio of Unoccupied area to the Oral Cavity

Table 3 shows the calculations of the ratio of 
unoccupied area in the oral cavity for each of 9 

Figure 3:	Each number represents the ratio of the unoccupied area in the oral cavity 
and is paired with its respective image to display the spectrum of ratios that were 
found. The yellow lines represent the area that is considered to be unoccupied area, 
which was used in our calculation of the ratio.
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We believed that it was 
important to develop a 
more precise, objective 
airway assessment to 
quantify the tongue, 
since it is known that 
it plays a large role in 
predicting difficult 
airways. The tongue is 
the main component 
of the standard bedside 
preoperative airway 
assessment (Mallampati 
classification). The 
subjectivity of airway 
tests, including the 
Mallampati classification, 
and variability of different 
physician’s assessments 
of difficult airways lead 
to discrepancies.2 

Many different imaging 
modalities have been used 
to assess structures in the 
oral cavity and/or for 
airway assessment such as 
analysis of facial features, 
the range of motion 
of the neck, and other 
anatomical features.7,12-14 
For instance, complex 
facial features have been 
analyzed using DI in a 
population of Caucasian 
males. This facial 
recognition software 
assessed numerous 
features computationally 
to predict difficult 
laryngoscopy and 
intubation with very 
complex algorithms 
with high sensitivity 
and specificity.12 A 
study by Gupta et al.7 
used maxillopharyngeal 
angles in order to predict 
difficult intubation using 
radiographs without respect to oral cavity structures. 
Their method, however, was expensive and exposed 
patients to radiation. Another study measured tongue 
sizes and masses in cadavers and correlated increased 
tongue sizes with high Mallampati classes.9 

Table 2: Derived measurements of different parameters

Sample # % Tongue Area % Teeth Area % Tongue and
Teeth Area

%  Unoccupied 
Area Total %

1 B/A C/A B+C/A D/A B+C+D/A

2 F/E G/E F+G/E H/E F+G+H/E

3 J/I K/I J+K/I L/I J+K+L/I

4 N/M O/M N+O/M P/M N+O+P/M

5 R/Q S/Q R+S/Q T/Q R+S+T/Q

6 V/U W/U V+W/U X/U V+W+X/U

7 Z/Y a/Y Z+a/Y b/Y Z+a+b/Y

8 d/c e/c d+e/c f/c d+e+f/c

9 h/g i/g h+i/g j/g h+i+j/g

Box 1: Detailed Image Analysis Procedure via NIH ImageJ

1.	 Open ImageJ, Microsoft Excel with the formula sheet, and the folder containing images that are to be 

analyzed.

2.	 Click and drag the first image anywhere into the ImageJ program, or use the File then Open buttons in the 

drop down menu, or Ctrl+O in order to open the image in the program. 

3.	 Use the “straight line” tool to draw a line along the edge of a non-deformed metric ruler equaling 1 cm in 

length. 

4.	 Click “analyze” and then “set scale” in the drop down menu. 

5.	 Change the known distance value to 1 and click ok. (It is optional to change the unit to centimeters.)

6.	 Use the “freehand selections” tool to draw a yellow perimeter of the mouth and tongue, excluding lips by 

clicking and dragging. 

7.	 Click “analyze” and then “measure” or press Ctrl+M in order to gain area data. 

8.	 Record the area from the measurements window that pops up, ignoring the mean, min, and max data, into 

the appropriate box in the Excel formula sheet.

9.	 Click anywhere outside of the bounded area within the image to erase the previously drawn line.

10.	 Repeat steps 6 through 9 as needed for each area including the tongue, teeth, and unoccupied space.

11.	 Do these measurements for all images desired.

Box 2: Intra-and Inter-rater Reliability Results

Intra-rater Reliability Testing
We found that the mean sum of the measured oropharyngeal structures was only 0.81% below that of the entire 

oral cavity area.  For the overall oral cavity measurements, the standard deviation was 1.28% while the variance 

was 1.638×10-4.  

Inter-rater Reliability Testing
The mean sum of the measured oropharyngeal structures was only 1.25% below that of the entire oral cavity area.  

For the mean accuracy measurements, the standard deviation was 1.83% while the variance was 3.347×10-4. 

We believe that this correlation relates to the 
unoccupied area of the oral cavity rather than area 
directly occupied by the tongue. Tongue size was 
more directly assessed through the use of sonography 
in another study that compared tongue size with 
numerous other anatomical characteristics.14 
Measurements by sonography and ImageJ did not 
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indicate tongue size alone to be statistically significant 
between difficult and easy intubation, though 
hyomental distance in the head-extended position 
was found to be statistically significant.14 Our method 
stays consistent with the long-standing precedent 
for tongue protrusion as was used by Mallampati in 
his initial methodology.1 With a protruded tongue, 
anatomic structures have been assessed visually with 
consideration of a subjective view of the tonsillar 
pillars.8 Our study, however, aimed to improve 
upon traditional and modified Mallampati test 
classification by removing subjectivity, and assigning 
a quantifiable ratio to the unoccupied area within 
the oral cavity, rather than limiting the options to a 
number I-IV.10 These imaging studies have been used 
to evaluate and measure different anatomic areas; 
however, these modalities may be expensive to use 
or too complex or time consuming to be clinically 
useful.

LIMITATIONS
There were several limitations to our study. One was 
the initial step of calibration using a ruler that was 
required to ensure correct area measurements even 
though this would not have changed the ratio of 
unoccupied area to the oral cavity. Another was the 
need to accurately demarcate the boundaries of the 
entire oral cavity and the teeth and tongue separately. 
Drawing the line between the tongue and the rest 
of the oral cavity (what is considered unoccupied 
area toward the pharynx) was the area that seemed 
most troublesome with researchers demarcating the 
structures. Except for one researcher who found the 
trackpad easier to use, we found that the computer 
mouse facilitated the drawing of perimeters around 
oral structures accurately. Our sample size was small 
and though we showed intra- and inter-reliability, a 
greater sample size would have been more meaningful 

statistically. Another concern is that ImageJ is limited 
currently in its application to airway assessment as 
it only operates on a desktop computer or laptop, 
and does not currently function efficiently through 
smartphones. Additionally, we only examined the 
oral cavity and tongue, and did not take thyromental 
distance or neck range of motion into consideration 
with our digital imaging airway assessment. 

CONCLUSIONS
In summary, our novel technique allowed for 
an alternative user-friendly, reliable analysis to 
accurately and quickly measure the size and shape of 
the tongue, the unoccupied area of the oral cavity, and 
the ratio of unoccupied area to the entire oral cavity. 
Our alternative precise, objective airway assessment 
had a high intra- and inter-rater reliability. With the 
advent of greater utilization of smartphones, future 
developments of this application seem prominent. 
It is possible that further studies using DI may 
correlate the ratio of the unoccupied area to the 
entire oral cavity with difficult airway management, 
the successful device used for intubation, and/or 
complications. 
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