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y:N: 5303 7:{e3ill Background: Unanticipated difficult airway continues to be a significant cause of anaesthesia-related

morbidity and mortality. No single bedside test has proven to be consistently reliable across different
populations. Evaluating simple and reproducible predictors of difficult airway remains clinically relevant, particularly in
routine practice.Objectives: To compare the diagnostic accuracy of the Modified Mallampati Test (MMT), Upper Lip Bite Test
(ULBT), and Ratio of Height to Thyromental Distance (RHTMD) in predicting difficult mask ventilation, Cormack-Lehane
grading for laryngoscopic view, and difficult endotracheal intubation.Methods: This prospective observational study included
200 patients (18-60 years), ASA status I-1I, and undergoing elective surgery under general anaesthesia. Preoperative airway
assessment was performed using MMT, ULBT, and RHTMD (cut-off value 22). Intraoperative parameters recorded were
difficulty in mask ventilation, Cormack-Lehane grading and ease of endotracheal intubation. Sensitivity, specificity, predictive
values, and diagnostic accuracy were analysed.Results: Difficult mask ventilation was observed in 7.5% of patients, difficult
laryngoscopic view in 14%, and difficult intubation in 14.5%. MMT showed good sensitivity (83-85%) with moderate specificity
(44-60%). ULBT showed very high sensitivity (935-96%) and diagnostic accuracy (85-86%) for difficult laryngoscopy and
intubation but low specificity. RHTMD showed a more balanced performance, with sensitivity of 78-83%, specificity of 60-68%,
and high positive predictive values (34-96%). All tests, except ULBT for mask ventilation, showed statistically significant
associations with difficult laryngoscopy and intubation.Conclusion: MMT, ULBT, and RHTMD are useful screening tools for
predicting difficult airways. RHTMD provides a more objective and balanced prediction, while ULBT offers high sensitivity.
Reliability of evaluation in anticipation of difficult airway can be increased by combining tests together

KEYWORDS : Difficult Airway, Predictors, Outcomes

Dr. Parvathy K P

Dr. Vaijayanti Nitin
Gadre*

INTRODUCTION

Endotracheal intubation is important to provide general
anaesthesia, resuscitation and intensive care. When
encountered with difficulty, intubation poses a threat to life.
American Society of Anaesthesiologists define “difficult
intubation as the clinical situation in which a conventionally
trained anaesthesiologist experiences difficulty with
facemask ventilation of the upper airway, difficulty with
tracheal intubation, or both” (1); prevalence of unanticipated
difficult airway was around 5.8 % (2). While preparing for
unexpected difficulties in handling intubation with multistep
planning and preparation, it is of utmost importance to be
able to identify a difficult airway S. Rao Mallampati proposed
a simple bedside test where the size of base of tongue is a
determinant of difficulty in visualisation in direct
laryngoscopy (3). Samsoon and Young modification of
Mallampati score is used in this study. (4)

Upper lip bite test, introduced by Khan et al. suggests that the
freedom of mandibular movements and architecture of teeth
has pivotal role in facilitating intubation. (5)

Thyromental distance (TMD <6.5 cm predicted difficulty) is
the distance between the thyroid prominence and the most
anterior part mandibular mentum, with the head fully
extended. Ratio of a person's height to thyromental distance is
arecently proposed predictor of difficult intubation.

When assessed as a single predictor, none of the tests proved
reliable predictive accuracy. Combining two or more methods
significantly improve the positive predictive value to reduce
unanticipated difficult airway.

This study compares MMT score, ULBT and RHTMD in
predicting difficult airway; aim is to find an optimal
combination and its predictive value.

METHODS-

This prospective observational study was conducted in a
tertiary care centre on the patients who underwent general
anaesthesia using endotracheal intubation. Primary
objectives were to predict difficult airway in cases undergoing
general anaesthesia using MMT score, ULBT and using ratio
of height to thyromental distance. Comparisons of results of
above with actual difficulty to intubate on table were
secondary objectives.

Sample size was calculated using Open-Epi version 3, an
open-source calculator using formula Sample size n =
[DEFF*Np(1-p)l/ [(d2/Z221- /2*(N-1)+p*(1-p)] where N=
Population size (300, approximate elective general surgery
cases within inclusion criteria), p = prevalence of difficult
intubation (taken asl.5 %, from data from previous studies), d
= Presion (DEFF adjusts the sample size to account for the loss
of statistical efficiency due to the clustering of observations,
ensuring that the sample size is adequate for the more
complex design), DEFF = Design effect (1), Z1- /2 = 1.96;
taking confidence level as 97% sample size is taken as
200.The patients willing to participate in study and giving
written valid and informed consent, aged between 18 — 60
years, ASA 1& 2 undergoing elective surgery under GA with
endotracheal intubation were included. Those not willing to
participate and not giving consent, undergoing emergency
surgeries or with anatomical distortions of airway, pregnant
patients, patients with BMI > 28 were excluded. Permission
from the Institutional Ethics Committee was obtained; all the
data collected were kept strictly confidential and used for the
purpose of this study. The pre-anesthetic check-up was done
on the consenting subjects one day prior to surgery. After
recording basic details including name, age, height, weight,
history of presenting complaints, comorbidities, medications
etc., each individual was subjected to three tests viz., MMT
score, ULBT, RHTMD by an anaesthesiologist trained to
conduct the tests scientifically.

For MMT score, the patient was in sitting posture, with head in
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neutral position mouth opened and tongue protruded
maximally without phonation. Grading was done as

Class 1: Faucial pillars, soft palate and uvula could be
visualized.

Class 2: Faucial pillars and soft palate could be visualized,
but uvula masked by the base of the tongue

Class 3: Only soft palate visualized (4)

Class 4: Impossible to visualize soft palate (Fig.1, 2) ,

Fig. | Ficlina ciassic
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Fig.2: Mallampati class I in a study subject

Similarly in ULBT the patient was asked to bite his upper lip
with lower incisors and based on the ability to bite, divided
into three classes.

Class I: If the lower incisors could bite the upper lip above the
vermilion line

Class II: If the lower incisors could bite the upper lip below the
vermilion line

Class III: If the lower incisors could not bite the upper lip (5)
(Fig.3)

Fig. 3: Upper lip bite test schematic

Then RHTMD was calculated. Blood investigations were
noted, chest x-ray and ECG were examined. On table,
ensuring six hours of fasting, appropriate consents for
anaesthesia, standard monitoring viz. ECG, pulse oxi-meter
and non- invasive blood pressure were employed. EtCO2 kept

ready. After pre-oxygenation with 100% oxygen, pre
medication with intravenous glycopyrrolate Smicrog/kg,
midazolam 0.2mg/kg, fentanyl 2microgm/kg, ondansetron 4
mg; intravenous induction was done with propofol 1.5-2mg /kg
till centralization of pupils. A tight fitting mask was used for
ventilation. The ease of mask ventilation was classified using

Grade 1: Ventilation by mask

Grade 2:
adjuvant

Ventilation by mask with oral airway or other

Grade 3: Difficult mask ventilation (requiring 2 practitioners,
inadequate, unstable)

Grade 4: Unable to mask ventilate

After confirming mask ventilation, intravenous
suxamethonium 1.5 mg/kg was given for laryngoscopy done
after 60 seconds with patient's head in sniffing position using
the standard appropriately sized Macintosh blade. A trained
anaesthesiologist did the laryngoscopy and glottic view was
classified. (Fig.4)

Grade 3 Grade 4

Fig. 4: Schematic representation of Cormack Lehane grading

«  Gradel (full view of glottis)

*  Grade 2a (partial view of glottis)

» Grade 2b ( arytenoid or posterior part of vocal cords just
only visible

e Grade 3(only epiglottis visible)

«  Grade 4(neither glottis nor epiglottis visible)[6]

Five point Likert score was used to assess the ease of insertion
of the tube

« Easyinsertion (Grade 0)

«  Mild difficulty (grade 1)

e Moderate difficulty (grade 2)

e Severedifficulty (grade 3)

« Impossible insertion (grade 4)[7]

Tube was secured after intubation; anaesthesia was
maintained with oxygen, nitrous oxide 50:50 and inhalational
agent sevoflurane. 1-2% to provide 1-1.5 MAC Neuromuscular
blockade was provided with intravenous vecuronium
0.lmg/kg loading followed by 0.03-0.05mg/kg increments.
After completion of surgery with patient still adequately
anaesthetized, the oropharynx was gently suctioned and
inhalational agent turned off. Inspiratory oxygen increased to
100%. Neuromuscular blockade was reversed using
Neostigmine S50mcg/kg and glycopyrrolate 8mcg/kg. On
return of spontaneous ventilation, patient was extubated.
After regaining consciousness, patient was shifted to recovery
room for observation. Recorded observations were evaluated
using appropriate statistical tests and data analysed by
applying the required tests according whether the data is
qualitative or quantitative.

RESULTS AND OBSERVATIONS-
Data was analysed using SPSS software v23. Level of
significance kept at 5%. The two groups were compared using
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chi square tests data was analysed for sensitivity, specificity,
positive and negative predictive value, and the odds ratio was
calculated. In entire study, the P value < 0.005 is considered to
be statistically significant.

Age distribution among study population -Mean age was 43.1
years with a significant standard deviation of 31.8, suggesting
a wide age range among participants. This indicates a
diverse age group, potentially reflecting varied health profiles
and conditions.

Gender distribution among study population was nearly
balanced, with 52% male and 48% female participants,
demonstrating an equitable representation of both genders in
the study.

Height distribution among study population showed mean
height of 163.3 cm with a standard deviation of 9.1 cm,
indicating a relatively uniform height distribution within the
study group.

Weight distribution among study population was 61.3 kg, with
a standard deviation of 10.1 kg, showing moderate variation
in body weight among participants.

BMI distribution among study population was 22.9 kg/m? with
a standard deviation of 2.9, placing the average participant
within the normal weight range, though individual BMI varied
within the study.

Table 1 Mallampati score distribution, Upper Lip Bite Test and
Range and Ratio of Height to TMD distribution among study
population

Malla |Frequ|Perce |Upper |Frequ |Percent | Range of|Freque
mpati|ency |ntage|lip ency |age RHTMD |ncy
score bite
test
I 78 |39 I 130 |65 <22 176
I 83 |[41.5 |II 55 27.5 22-23.51(9
I 37 18.5 |III 15 7.5 >23.5 13
v 2 - - - Ratio Height
/TMD

1 Mean and SD

Total {200 (100 |Total |200 |100 Mean 18 | SD 3.2

The Mallampati score, an indicator of airway visibility,
showed that most participants fell within Class I (39%) and
Class II (41.5%), with fewer in Classes III (18.5%) and IV (1%),
According to various previous studies, Class III and IV are
considered a predictor of difficult airway. That consists of
19.5% according to the data. (Table 1)

The majority of participants were classified as Class I1(65%) in
the Upper Lip Bite Test, which assesses mandibular mobility,
indicating good jaw movement among most participants, with
fewer in Classes II (27.5%) and III (7.5%). Class III is
considered predictor of difficult intubation. (Table 1)

The average ratio of height to thyromental distance was 18,
with a standard deviation of 3.2, providing insight into the
proportionality between height and airway anatomy across
the study population. (Table 1) According to various studies
RHTMD cut off value for different study population varies
greatly. The original article by Schmitt et.al® gives a cut-off
value of 25, In Thailand it was 23.5, while study conducted on
India by Kaniyil et al , found, the cut off value for difficult
intubation was 22. For the purpose of this study 22 was taken
as the cut-off value as the study by Kaniyil et.al reflects
population similar to the study.

Table 2 Mask ventilation grade, CL grade and Ease of
insertion distribution among study population-

Mask |Freq|Perc|CL  |Frequ|Perce|Ease of |Frequ|Perce
ventilajuen |enta|gradelency |ntage|insertion|ency |ntage
tion |[cy |ge

Grade

I 115 [57.5|1 65 325 |0 85 425
i 70 |35 |la |57 285 |1 40 20
111 15 (75 [IIb [52 |26 2 46 23
v 0 0 11 24 12 3 28 14
Total [200 (100 |IV 2 1 4 1 0.5

Total (200 |100 |Total 200 |100
The majority of participants (57.5%) had a Grade I mask
ventilation score, indicating easy ventilation, while the
remainder had Grades II (35%) and III (7.5%), showing
varying degrees of difficulty in mask ventilation. There was no
case in which mask ventilation was impossible (Grade IV). We
did not encounter any cannot intubate cannot oxygenate
situation in the current study. (Table 2) Cormack-Lehane (CL)
grading, which assesses the view obtained during
laryngoscopy, showed that most participants had favorable
grades (I and Ila IIb), with only a small percentage (13%)
having more challenging grades (IIl and IV). (Table 2) The
ease of insertion during the procedure varied, with 42.5% of
participants experiencing no difficulty (Grade 0), while others
encountered mild to moderate challenges (Grades 1-3), and a
very small number (0.5%) faced significant difficulty (Grade
4). Application of external laryngeal manipulation has been
considered grade 2 or higher depending on the difficulty after
the manipulation. (Table 2)

Table 3 Association between Mallampati score with mask
ventilation grade, CL grade and Ease of ET tube insertion
grade

Malla|Easy Difficult | CL.  |C L grade|Easy |Difficult
mpati|mask |mask |grad |3,4 insertio|insertion-
score |ventilati|ventilati |e 1,2 |Frequenc |n- Grades
on on Frequ|y Grades|2,3,4
among |among |ency 0,1
various |various
grades |grades
I 77 1 72 6 74 4
II 78 5 74 |9 71 12
I 28 9 26 11 26 11
v 2 0 0 2 0 2
Total [185 15 172 |28 171 29

Difficult mask ventilation though occurred among all grades
of Mallampati, Grade III has the highest frequency. Applying
chi square test, p=0.0001, as p value <0.005, which shows
statistical significance. (Table3)

Table 4 Assessing three aspects of difficult airway- mask
ventilation, visualization and insertion using Mallampati

Ease of mask |Predictive Estimating
ventilation for |accuracy of predictive
each grade of |Mallampati score|accuracy of
Mallampati with CL score for | Mallampati in
ease of ease of
visualization of |insertion of the
vocal cord tube
Lower - Lower - Lower -
Upper Upper Upper
Paramet |Estim|95% Estima|95% Estim [95% Metho
er ate |Confiden [te Confiden|ate |Confide [d
ce ce nce
intervals intervals intervals
Sensitivit|83.78|(77.79, 84.88%|(78.77, |84.8%|(78.65, |Wilson
y % 88.41) 89.471) 89.41') |Score
Specifici|60% |(35.75, 46.43%|(29.53, |44.83 [(28.41, |Wilson
ty 80.181) 64.19') (% 62.45') |Score
Positive [96.27((92.11, 90.68%|(85.2, 90.06 |(84.47, |Wilson
Predictiv | % 98.281) 94.27') (% 93.79') |Score
e Value
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Negative|23.08|(12.65, 33.33%|(20.63, |33.33 [(20.63, |Wilson
Predictiv | % 38.341) 49.02') |% 49.02') |Score
e Value

Diagnost(82% |(76.09, 79.5% |((73.37, |79% |[(72.84, |Wilson
ic 86.71') 84.51') 84.07') |Score
Accuracy]

Here we assess three aspects of difficult airway- mask
ventilation, visualization and insertion. In the above
comparison, ease of mask ventilation for each of Mallampati
grades are assessed. (Table 4) It shows a good sensitivity of
83.7 for predicting difficult mask ventilation, fairly good
specificity of 60% with an overall diagnostic accuracy of 82%.
Applying chi square test, p=0.00003, as p value <0.05, which
shows statistical significance.

Cormack-Lehane score, the gold standard test for ease of
visualization of vocal cord is used to compare the predictive
accuracy of Mallampati score in this table. The sensitivity of
Mallampati score is 84.88% in this aspect. Specificity is
relatively lower, with a value of 46.43. Applying chi square test,
p=0.00002, as p value <0.05, which shows statistical
significance. Estimating predictive accuracy of Mallampati in
ease of insertion of the tube, it gives a value of 84.8% sensitivity
and 44.3% specificity. The diagnostic accuracy of Mallampati
comes around 79% in predicting ease of insertion. (Table 4)

Table 5 Comparing Upper lip bite test with mask ventilation
grade, CL grade and Ease of ETT insertion

Uppe| Easy | Diffic| Tot |Eas |Diffic |Tota|Easy |Difficul| Total
rlip |mas [ult |al |[yCLjult |1 ETT |t

bite |k mask gra |-CL inserti [ETT
test | vent| venti de | grad on inserti
ilatio|latio 1,2 |e3.4 on
n n

I 122 |8 130|118 |12 130 (120 10 130
II 49 |6 55 |46 (9 55 |44 11 55
11 14 |1 15 |8 |7 15 |7 8 15
Total {185 |15 |200(172 |28 200 (171 29 200

Applying chi square test, p=0.0003, as p value <0.05,
which shows statistical significance when ULBT and CL
grade were compared

Applying chi square test, p=0.52, as p value >0.05, which
shows no statistical significance when ULBT and mask
ventilation were compared

Positi (92.43 |(87.7, 88.65 [(83.27, |88.6((83.27, |Wils|
ve % 95.441!) % 92.45') (5% |92.45! ) on
Predic Sco
tive re
Value

Negat|6.667 |(1.187, 46.67 [(24.81, |53.3((30.12, |Wils|
ive % 29.821) % 69.88') |3% |[75.19!)on
Predic Sco
tive re
Value

Diagn|86% |(80.51, 85.5% [(79.95, |86%]|(80.51, |Wils|
ostic 90.13!) 89.711) 90.13! )jon
Accur Sco
acy re

Similarly, when upper lip bite test is compared with ease of
mask ventilation score, it gives a good sensitivity of 92.4, but
lack in specificity. It gives a diagnostic accuracy of 86%. Lack
of specificity may result in wrongly predicted difficult
intubations. (Table 6)

ULBT showed better specificity in predicting difficult
visualization than difficult mask ventilation. Yet the specificity
is just 25%. With a sensitivity of 95.35% the diagnostic
accuracy comes to 85.5% Applying chi square test, p=0.00004,
as p value <0.05, which shows statistical significance. (Table
6)

ULBT When compared for ease of insertion, shows sensitivity
of 95.91% with a much lower specificity of 27.59% .The
diagnostic accuracy come up to 86% (Table 6)

Table 7 Comparing Ratio of height to thyromental distance
with mask ventilation grade, CL grade and Ease of ETT
insertion

Ratio of |Easy|Diffi| Tot |Easy|Diffi | TotallEasy |Diffic | Total

height cult [al |CL |cult ETT |ult

to grad|-CL insert| ETT
thyrome e l,2| gra ion |inserti
ntal de on
distance 3,4

<22 170 |6 |176|162 |14 |[176 |163 |13 176
>22 16 |8 |24 |10 |14 (24 |8 16 24
Total 185 |15 |200{172 |28 [200 |171 |29 200

Table 6 Assessing three aspects of difficult airway- mask
ventilation, visualization and insertion using ULBT
Comparing ULBT|Predictive Estimating
with Ease of accuracy of predictive
mask ventilation |UBLT score with |accuracy of

CL score for ULBT in
ease of ease of
visualization of |insertion of
vocal cord the tube
Lower -
Lower -
Lower - Upper Upper
H 0,
Para |Estim Uﬁper Estim |95% Esti 195% . |Met
95% . mat |Confid
meter |ate . ate Confiden hod
Confidenc e |ence
. ce .
e intervals . interva
intervals Is

Sensit|92.43 [(87.7, 95.35 [(91.09, |[95.9|(91.79, |Wils|
vity |% 95.441) % 97.62!') (1% |98!) |on
Sco
re

(12.68, |27.5|(14.7, |Wils
43.36') |9% |45.72!)on
Sco
re

Speci |6.667 [(1.187,  |25%
ficity [%  [29.82!)

Toa: ease of mask ventilation by using RHTMD -Applying
chi square test, p=0.00004, as p value <0.05, which shows
statistical significance. (Table 7)

To assess CL grade by using RHTMD - Applying chi square
test, p<0.0001, as p value <0.05, which shows statistical
significance (Table 7)

To assess ease of insertion of ETT using RHTMD- Applying chi-
square test, p<0.0001, as p value <0.05, which shows
statistical significance (Table 7)

Table 8 Assessing three aspects of difficult airway- mask
ventilation, visualization and insertion using RHTMD-

Comparing Predictive Estimating
RHTMD with accuracy of | predictive
Ease of mask |RHTMD score |accuracy of
ventilation with CL score |RHTMD in
for ease of ease of
visualization |insertion of
of vocal cord |the tube
Lower - Lower - Lower -
Upper Esti Upper Upper
Para |Estim [95% ; 95% Esti [95% Meth
meter |ate Confiden|™ @ |Confide |mate|Confide |od
ce e nce nce
intervals intervals intervals
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Sensi|78.38 ((71.9, 82.5 |(76.19, [82.00((76.19, |Wilson|

tivity |% 83.71) 6% [87.5') |% 87.5!) |Score

Speci|60% |(35.75, |67.8 [(49.34, [66.84((49.34, |Wilson

ficity 80.18') |6% |82.07') |% 82.07! |Score
)

Positi (96.03 |(91.6, 94.0 |(89.06, |94.00((89.06, |Wilson

ve % 98.17') |[4% [96.83!) (% 96.83! |Score

Predi )

ctive

Value

Negat|18.37 [(9.976, |38.7 [(26.43, |38.78((26.43, |Wilson

ive |% 31.36') |8% |52.75!) |% 52.75! |Score

Predi )

ctive

Value

Diag (77% |(70.69, |80.5 [(74.46, |80.0 |(74.46, |Wilson

nostic 82.29') |% |85.39!) % 85.39! |Score

Accur )

acy

RHTMD when compared for its accuracy in predicting mask
ventilation, of larynx, gives a sensitivity of 78.38% and
specificity of 60%. It has a reasonable diagnostic accuracy of
77% (Table 8)

RHTMD when compared for its accuracy in predicting difficult

visualization of larynx, gives a sensitivity of 82.56% and
specificity of 67.86%. It has a good diagnostic accuracy of
80.5% (Table 8)

RHTMD when compared for its accuracy in predicting difficult
insertion of ET tube, gives a sensitivity of 82.00% and
specificity of 66.84%. It has a good diagnostic accuracy of
80%.The results are comparable to its ability to predict difficult
visualization. (Table 8)

DISCUSSION

Airway management is one skill which is of utmost importance
in Anaesthesiology, critical care and emergency medicine. An
unpredicted difficult airway poses a serious threat to the
patient's life. Around 1.5-13% of patients are described to have
difficult laryngoscopy. [10]Around 9.7% of Indian population
experience difficult laryngoscopy. The incidence of difficult
intubation among Indian population is around 4.5% [11]
Identification of difficult airway is of utmost importance to
reduce the morbidity and mortality related to a delayed or
failed intubation. [12]

In this prospective observational study we tried to assess the
diagnostic accuracy of MMT score, ULBT and RHTMD. The
focus was on determining predictive values of these tests for
difficult mask ventilation, difficult in visualising the larynx and
insertion of the endotracheal tube thus evaluating its utility in
alowresource setup.

A total of two hundred adult patients between 18-60 years,
ASAl, 2 scheduled for general anaesthesia were included.
The study population had a mean age of 43.1 years (SD 31.8),
with an almost equal gender distribution (104 males and 96
females), ensuring comparability of findings across sexes.

Each participant underwent preoperative assessment using
the MMT score, ULBT, and RHTMD. The results were then
correlated with difficulty in mask ventilation, Cormack-
Lehane grading during laryngoscopy and ease of insertion of
endotracheal tube.

Difficult mask ventilation was noted in 7.5% of patients.
Difficult visualisation of larynx (CL grade 3 or 4) occurred 14%.

Difficult intubation was seenin 14.5%.

Among the 200 patients, 19.5% had Mallampati Class III or IV

(Class III - 18.5%, Class IV — 1%). This was comparable to
previous studies reporting 16% and 3.5%, respectively. In
assessing MMT score’s ability to predict a difficult mask
ventilation, the p value was found to be 0.0001, with sensitivity
of 83.78%, specificity of 60%, positive predictive value of
96.27% Negative predictive value of 23.08 with an overall
diagnostic accuracy of 82%.This indicates that a higher
Mallampati class strongly predicts difficult mask ventilation,
though an easy Mallampati grade does not rule out difficulty.

When comparing MMT score with CL grading it was found
that there is a significant correlation between higher MMT
grade and difficult laryngoscopy. MMT score showed a
sensitivity of 84.88%, specificity of 46.43%, positive predictive
value of 90.6% and negative predictive value of 33.3%. MMT
score showed good predictive value when using it to predict
ease of introducing the tube through the larynx. P value:
0.00002, Sensitivity: 84.8%, Specificity: 44%, PPV: 90, NPV:
33.33%, and predictive accuracy: 79%. In conclusion, in this
study, the MMT score shows a good predictive value in all
three steps - Mask ventilation, visualising and tube insertion.

Previous literature presents variable results for MMT; Ray [13]
reported sensitivity 42.86%, specificity 82.56%, PPV 28.57%,
NPV 89.87%. Khatiwada[14] found sensitivity 83%, accuracy
96%, consistent with this study.

The current study’s higher sensitivity (=85%) and lower
specificity (=45-60%) imply that MMT is a good screening tool
for difficult airways but less reliable in ruling out difficulty
when the score is low. Inter-observer variation and patient
phonation during assessment are possible sources of
variability.

Upper lip bite test evaluates mandibular protrusion by asking
patients to bite the upper lip with lower incisors. It indirectly
assesses temporomandibular joint and mandibular mobility.
While not correlating significantly with difficult mask
ventilation in the current study; it shows significance in
predicting difficulty in visualising larynx and insertion of tube.
When comparing scores of ULBT with CL grades, it showed P
value: 0.0003 (significant), Sensitivity: 95.35%, Specificity:
25%, PPV: 88.65%, NPV: 46.67% and accuracy: 85.5%. When
compared with ease of intubation, P value: 0.00004
(significant), Sensitivity: 95.91%, Specificity: 27.59%, PPV:
88.56%, NPV: 33.33% and Accuracy: 86%.Thus, ULBT
demonstrated very high sensitivity and PPV, suggesting strong
capability to detect difficult laryngoscopy and intubation,
though its specificity and NPV were low, leading to over-
classification of difficulty.

In the original article by Khan [5] sensitivity, specificity, and
accuracy 76.5%, 88.7% and 88% respectively. When
comparing current study to the original study, the major
difference is in the specificity of ULBT. Similar to the original
article Shah et al. [15] showed sensitivity 74.63%, specificity
91.53%, and accuracy 87.8%. Wajekar [16] (Sensitivity 98.6%,
specificity 8.7%) on the other hand closely resembling current
findings. Faramarzi [17] who systematically reviewed 18141
studies showed that ULBT has high specificity and relatively
good sensitivity. Eberhart[18] (Sensitivity 28.2%, specificity
92.5%) the study was originally conducted to test the findings
of Khan [5].

Hence, ULBT's diagnostic profile varies widely among studies.
The high sensitivity we obtained shows that the test can
successtully be used to screen for difficult airways, though it
has atendencyto overestimate.

RHTMD integrates an individual’s height with thyromental
distance, normalizing for body proportions and eliminating
absolute measurement bias. It provides a more objective
assessment of airway anatomy. In current study in comparison
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to RHTMD grades with difficulty of mask ventilation, the p
value was < 0.05 showing statistical significance. It showed a
sensitivity of 78.38%, specificity of 60% PPV of 96.03% and NPV
of 18.37%. While comparing RHTMD with CL grading, P value
was 0.0001, sensitivity 82.58%, specificity 67.86%, PPV was
94.04% and NPV 35.78%. When comparing the results
obtained with RHTMD and ease of intubation, P value was
0.0001 which showed statistical significance, with sensitivity
82.58%, specificity 67.86%, PPV 94.04% and NPV 35.78%. In
the original article by Schmidt [8] with a cut off value 25,
sensitivity was 81% and specificity was 90%. Kaniyil [9] with
RHTMD cut off value of 22 showed sensitivity of
62.5%,specificity 100%,and accuracy of 94.3%.This study,
conducted in the Indian population, is comparable to the
findings of the current study. A study by Krobuban [19] et al in
the Thai population too showed similar sensitivity and
specificity to the current study, but with a higher cut-off value of
23.5.

RHTMD has certain advantages over commonly used
thyromental distance. It takes an individual's proportions into
consideration. There are variations in length of neck, size of
tongue and soft tissues around neck. RHTMD provides a more
objective comparison tool.

In conclusion, in the study ULBT showed highest sensitivity
and overall diagnostic accuracy. However being highly
sensitive and less specific ULBT may over predict difficult
airway. RHTMD provided a more balanced diagnostic profile,
with a good sensitivity and specificity with higher positive
predictive value, making it a more reliable indicator of truly
difficult intubations. MMT, a widely used and well regarded
tool remains a useful tool in the armamentarium of
anaesthesiologists, though it has certain limitations of
subjectivity compared to the other tools. From a clinical
perspective, relying on a single test may result in unexpected
airway emergencies. Thus combining tests together can
significantly enhance the predictive accuracy.
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