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ABSTRACT
Introduction: Patients undergoing surgery under general anesthesia must 

have their airways secured and proper breathing and oxygenation. Complica-

tions from poor airway control might include aspiration, hypoxemia, airway 

damage, and even mortality. Therefore, it is crucial to anticipate a challenging 

airway and intubation to prevent complications. The study aims to develop a 

simple, easy-to-use predictor with high specificity and sensitivity for predict-

ing difficult intubation. The five parameters being looked at are thyromental 

height test (TMHT), thyromental distance (TMD), modified Mallampati clas-

sification (MPC), neck circumference (NC), and Wilson’s score (WS).

Methods: Five parameters were used to evaluate patients preoperatively 

for difficult intubation, and an intubation difficulty score was calculated. We 

calculated and compared the specificity, sensitivity, positive predictive value, 

negative predictive value, and area under the curve for these five parameters. 

Results: The PPV of TMHT was 80%, TMD was 40%, MPC was 34.37%, NC 

was 26.83%, and MPC was 26.09% respectively. The TMHT showed a specific-

ity of 97.75%, sensitivity of 71.43%, NPV OF 96.44%, and accuracy of 94.80% 

with an area under the curve was 0.946.

Conclusion: The study found that thyromental height (TMHT) was the best 

predictor out of all the factors that were looked at. It had the highest sensitiv-

ity, PPV, NPV, accuracy, and AUC. Mallampati score (MPC), neck circumference 

(NC), and Wilson score (WS) demonstrated similar statistical values, but these 

were of limited diagnostic value. Thyromental distance (TMD) was the least re-

liable parameter for predicting difficult intubation due to its limited sensitivity. 

RESUMO
Introdução: Os doentes submetidos a cirurgia sob anestesia geral devem ter 

as vias aéreas asseguradas, bem como uma ventilação e oxigenação adequa-

das. As complicações decorrentes de um controlo ineficaz da via aérea podem 

incluir aspiração, hipoxemia, lesão das vias aéreas e até mortalidade. Por isso, 

é crucial antecipar a existência de uma via aérea difícil e uma intubação desa-

fiante, de forma a prevenir estas complicações. Este estudo tem como objetivo 

identificar um preditor simples, de fácil aplicação e com elevada especificidade 

e sensibilidade para prever a dificuldade na intubação. Os cinco parâmetros 

avaliados foram: o teste da altura tiromentoniana (TMHT), a distância tiromen-

toniana (TMD), a classificação modificada de Mallampati (MPC), a circunferên-

cia do pescoço (NC) e o índice de Wilson (WS).

Métodos: Os cinco parâmetros foram usados na avaliação pré-operatória 

dos doentes quanto à possibilidade de intubação difícil, tendo sido calculado 

um índice de dificuldade de intubação. Foram determinados e comparados 

a especificidade, sensibilidade, valor preditivo positivo (VPP), valor preditivo 

negativo (VPN) e a área sob a curva (AUC) para cada um dos cinco parâmetros.

Resultados: O VPP do TMHT foi de 80%, da TMD de 40%, do MPC de 

34,37%, da NC de 26,83% e do WS de 26,09%, respetivamente. O TMHT de-

monstrou uma especificidade de 97,75%, sensibilidade de 71,43%, VPN de 

96,44% e uma precisão de 94,80%, com uma área sob a curva de 0,946.

Conclusão: O estudo concluiu que a altura tiromentoniana (TMHT) foi o 

melhor preditor entre todos os parâmetros avaliados, apresentando os valo-

res mais elevados de sensibilidade, VPP, VPN, precisão e AUC. A classificação 

de Mallampati (MPC), a circunferência do pescoço (NC) e o índice de Wilson 

(WS) apresentaram valores estatísticos semelhantes entre si, mas de utili-

dade diagnóstica limitada. A distância tiromentoniana (TMD) revelou ser o 

parâmetro menos fiável na previsão de intubação difícil, devido à sua redu-

zida sensibilidade.

INTRODUCTION
Patients undergoing surgery under general anesthesia must 
have their airways secured and have proper breathing and 
oxygenation.1 Complications from poor airway control might 
include aspiration, hypoxemia, airway damage, and even 
mortality.2,3 Anesthesiologists are particularly concerned 
about difficult tracheal intubation because it increases perio-
perative morbidity and mortality.4 Most common airway 
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emergencies happen when airway problems go unnoticed.5 
Tracheal intubation and laryngoscopy complications have 
been documented in 1.5% to 8% of patients who undergo gen-
eral anesthesia.6,7 The inability to manage a problematic airway 
accounts for 30%-40% of all anesthesia deaths.8,9 Therefore, an-
esthesiologists must forecast difficult tracheal intubation and 
anticipate a problematic airway to avoid difficulties.
Several bedside screening tests, such as sternomental dis-
tance, hyomental distance, Patil’s thyromental distance 
measurement, the modified Mallampati classification, the 
Wilson scoring system, and neck circumference, have been 
developed to address unanticipated difficult intubation.10 
However, these tests have limitations, and no single test is 
comprehensive. The perfect predictor should be simple 
to use, give a high positive predictive value with few false 
positives, and have high sensitivity and specificity.11 Previous 
studies have shown that screening tests for difficult intuba-
tion are less helpful when they employ only one parameter.12 
Therefore, combining two or more individual parameters or 
using multivariate risk index systems may provide incremen-
tal diagnostic value compared to a single parameter.13 
The thyromental height test is a novel bedside screening tool 
that outperforms the sternomental distance, thyromental 
distance and modified Mallampati score.14

This study aims to find a simple, easy-to-use predictor with 
high specificity and sensitivity for difficult intubation. The 
five parameters are thyromental height test (TMHT), thyro-
mental distance (TMD), modified Mallampati classification 
(MPC), neck circumference (NC), and Wilson’s score (WS). 
The intubation difficulty measure (IDS), a comprehensive 
measure for predicting difficult intubation, will be utilized to 
assess intubation difficulty.16 

MATERIAL AND METHODS
The Department of Anaesthesia at a tertiary care hospital 
conducted a prospective observational and comparative 
study over two years on 250 patients in all operating rooms, 
with Institutional Ethics Committee permission. The study 
included all patients with ASA grades I and II, regardless 
of gender, aged 18 to 60, undergoing elective surgery under 
general anesthesia. The study excluded patients who denied 
consent, were unable to sit, had neuromuscular diseases, up-
per airway pathology, were pregnant, or had cervical spine 
fractures. Patients who met the inclusion criteria were added 
to the study after providing written informed consent. All 
data were recorded in the study proforma. Patients sched-
uled for elective surgery under general anesthesia had a pre-
anesthetic examination. This included a thorough history, 
airway assessment, and general and systemic examination.

Airway Assessment
Thyromental Height Test (TMHT) (Fig. 1): Measure the an-
terior borders of the thyroid cartilage and mandibular mental 
protuberance with a depth caliper to determine thyromental 
height. The patient was placed in a supine position with a 
pillow under their head and their head and neck in a neutral 

position. The height was measured with a depth gauge. It was 
determined that a height of less than 50 mm was suggestive 
of a challenging intubation.17

This is the thyromental distance (TMD) (Fig. 2). To get an 
idea of it, a straight line was drawn from the top edge of the 
thyroid cartilage to the bony growth of the mentum. Less 
than 6.5 cm was a predictor of intubation difficulty.18

Modified Mallampati classification (MPC) (Fig. 3): The MPC 
was assessed while the subject was seated, with the mouth 
open and the tongue protruding without phonation.19

Neck circumference (Nc) (Fig. 4): It was measured using a tape 
at the level of the thyroid cartilage. A measurement greater than 

Figure 1. Thyromental height test 
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Figure 3. Modified Mallampati Score

Figure 2. Thyromental distance 
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37.5 cm was deemed a predictor of problematic intubation.20

Wilson’s score (Ws) (Fig. 5): Five factors are considered in 
this scoring- weight, head, and neck movement, receding 
mandible, Buck test, and jaw movement.21 
Prediction:	 0-1= easy intubation
			   ≥2-3= possibly difficult
			   ≥4= often difficult

On the surgery day:
Before taking the patient to the theatre reevaluation done. 
Monitors were attached and basal parameters were noted, 
and a 20G peripheral intravenous catheter was secured.
The patient was pre-oxygenated and pre-medicated with inj. 
glycopyrrolate 0.004 mg/kg, inj. midazolam 0.03 mg/kg, inj. 
pentazocine 0.5 mg/kg IV. Patient induced with inj. propofol 
2 mg/kg in graded doses till loss of consciousness. The pa-
tient was checked for ventilation and after confirming venti-
lation, a muscle relaxant inj. succinylcholine 1.5 mg/kg was 
given to facilitate endotracheal intubation. After 60 seconds, 
neuromuscular blockade was evaluated. Using a Macintosh 
blade number three or four, a team of anesthesiologists with 
at least three years of expertise performed laryngoscopy in 
the sniffing position. They were blinded to the five param-
eters assessment. After successful laryngoscopy and intuba-
tion, IDS was recorded and graded by the senior anaesthesi-
ologist as follows
Intubation Difficulty score (IDS):
N1 (each attempt of additional intubation)		  =
N2 (number of additional operators)		  =

N3 (number of alternative intubation techniques)	 =
N4 (Cormack Lehane (CL) grading)		  =
	 N4=0	 Grade I: entire glottis seen
	 N4=1	� Grade II: only the posterior portion 

of the glottis seen
	 N4=2 	 Grade III: only epiglottis seen
	 N4=3	 Grade IV: absence of glottis and epiglottis
N5  lifting force applied during laryngoscopy	 = 
	 N5=0, if considerable force not applied
	 N5=1, if considerable force applied
N6 (external laryngeal pressure needed)		  = 
	 N6=0, if no external pressure applied
	 N6=1, if external pressure applied
N7  vocal cord position				    = 
	 N7=0, if not abducted
	 N7=1, if adducted
Rules for calculation of IDS 
N1	 Every additional attempt adds 1pt
N2	 Each additional operator adds 1pt
N3	� Each alternative technique adds 1 point: Reposi-

tioning of the patient, change of materials, change 
in approach (nasotracheal/orotracheal), or use of 
another method (fiberoptic, intubation through a 
laryngeal mask)

N4 	 Cormack grading for the initial oral attempt.
N4 = 0 for a successful blind intubation.
N7 If the vocal cords are not visualized, N7 = 0
Impossible intubation: IDS uses the value obtained before 
the discontinuation of intubation attempts.
Easy intubation- IDS<5
Difficult laryngoscopy- IDS>=5
Statistical analysis: A semi-structured, pretested question-
naire was used to gather data, which was then entered into 
Microsoft Excel. Frequencies, percentages, and tables were 
used to display the data. The mean and standard deviation 
of the quantitative variables were shown. SPSS software 
version 21 was used for analysis, and appropriate statistical 
tests (Chi-square test) were used. To determine the degree 
of agreement, kappa statistics were performed. ROC curve 
analysis was performed to determine the strongest predictor 
for challenging intubation. AUC was studied.

RESULTS
Around 25 participants had a thyromental height of less than 
50 mm out of whom 20 (80%) people had difficult intubation. 
Just 3.5 percent of research participants with a thyromen-
tal height greater than 50 mm received a difficult intubation 
score. This difference was statistically significant (Table 1).

Table 1. Relation between Thyromental Height and Intubation 
Difficulty Score.

Thyromental height
Intubation score

Total  
Difficult Easy

<50 mm 20 5 25
p value
<0.001=/>50 8 217 225

Total 28 222 250

Figure 4. Neck circumference

Figure 5. Wilson’s score
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Approximately five participants in the study exhibited a thy-
romental distance of under 6.5 cm, with 40% of them expe-
riencing difficult intubation. A percentage of 11.8% of the 
individuals with a thyromental distance greater than 6.5 cm 
faced challenges during intubation. The relationship between 
thyromental distance and intubation difficulty score was sta-
tistically significant (Table 2). 

Around 32 study participants had Mallampati grades more 
than two (3.4) among whom 34.37% had difficult intubation. 
When compared to participants who had Mallampati grades 
1 and 2, only 7.7% of them had difficult intubation. This dif-
ference was statistically significant (Table 3).

Of the 41 trial participants with a neck circumference larger 
than 37.5 cm, 26% found intubation difficult. Of the 208 indi-
viduals in the research, 8% had difficult intubation. This dif-
ference was statistically significant (Table 4). 

Of the 23 research participants with a Wilson score below 
4.26% had difficulties in intubation, compared to 227 indi-

viduals with a score below four. There was a statistically sig-
nificant difference (Table 5). 

When all these predictors of difficult intubation are compared 
in terms of sensitivity, specificity, PPV, NPV, area under the 
curve and, accuracy shows the following result (Table 6). 

DISCUSSION
Difficult or failed intubation has caused significant perioperative 
morbidity and mortality, making it a major concern for anesthe-
siologists. Such complications include hypoxemia, aspiration, 
airway trauma, and even death. Most of these complications 
occur when difficult intubation is not recognized in advance. 
Therefore, anticipating difficult intubation has become impor-
tant for anesthetists to prevent these complications.
Various bedside tests, such as thyromental distance, ster-
nomental distance, neck circumference, Mallampati score, 
weight, height, BMI, and Wilson score, have been described 
to anticipate difficult intubation, but they often yield unsat-
isfactory results. As a result, there is a need for a single test 
with improved predictive value for difficult intubation. Et-
zadi et al22 hypothesized that difficult laryngoscopy is closely 
associated with the thyromental height test. Using a 50 mm 
threshold, the study found that TMHT was more correct 
than other tests (all p < 0.0001). Rao KV et al (2018),23 com-
pared TMHT with other predictors of difficult intubation 
like TMD, MPC, NC, and neck extension. According to their 
research, TMHT, with difficulty measured by the Cormack-
Lehane (CL) grading system, was the most promising ana-
tomical metric for forecasting difficult laryngoscopy.
We examined the following factors as possible indicators of 
difficult intubation: Wilson score, neck circumference, Mod-
ified Mallampati score, thyromental height, and thyromental 
distance. Since these numbers indicate the likelihood of dif-
ficult intubation for patients who test positive and the like-
lihood of not experiencing difficult intubation for patients 
who test negative, the positive predictive value and negative 
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Table 2. Relationship between Thyromental Distance and Intu-
bation Difficulty Score.

Thyromental height
Intubation score

Total   
Difficult Easy

<6.5 2 3 5
p value
0.003=/>6.5 26 219 245

Total 28 222 250

Table 3. Relationship between Mallampati Score and Intubation 
Difficulty Score.

Mallampati score 
Intubation score

Total  
Difficult Easy

>2        11 21 32
p value
0.002=/<2 17 201 218

Total 28 222 250

Table 4. Relationship between Neck Circumference and Intuba-
tion Score.

Neck circumference 
Intubation score

Total  
Difficult Easy

>37.5 11 30 41
p value
0.002=/<37.5 17 192 209

Total 28 222 250

Table 5. Relationship between Wilson Score and Intubation Dif-
ficulty Score.

Wilson score
Intubation score

Total  
Difficult Easy

>4 6 17 27
p value

0.03<4 22 205 227

Total 28 222 250

Table 6. Comparison of predictors of difficult intubation.

Predicting factors of 
difficult intubation Sensitivity Specificity Positive 

predictive value 
Negative 
predictive value Accuracy Area under the 

curve

Thyromental height 71.43% 97.75% 80.00% 96.44% 94.80% 0.946

Thyromental distance 7.14% 98.65% 40.00% 89.39% 88.40% 0.642

Mallampati score 39.29% 90.54% 34.37% 92.20% 84.80% 0.752

Neck circumference 39.29% 86.49% 26.83% 91.87% 81.20% 0.650

Wilson score 21.43% 92.34% 26.09% 90.31% 84.40% 0.755
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predictive value were utilized for comparison. 
The Intubation Difficulty score (IDS), which not only helps eval-
uate characteristics associated with difficult intubations but also 
offers a standardized method for comparing studies on this top-
ic, was used to measure the difficulty at the time of intubation.
We observed that 25 participants had a thyromental height 
of less than 50 mm, of whom 20 (80%) experienced difficult 
intubation. Among participants with a thyromental height 
greater than 50 mm, only eight (3.5%) had a difficult intuba-
tion score. Our findings revealed that the greatest sensitiv-
ity, accuracy, area under the curve (AUC), positive predictive 
value (PPV), and negative predictive value (NPV) were found 
in thyromental height, with values of 71.43%, 80%, 96.44%, 
94.80%, and 0.946, respectively. It also had a good specificity 
of 97.75%. Etzadi et al,22 compared TMHT with the MPC, 
TMD, and sternomental distance in 314 patients aged ≥16 
years. They noted Cormack-Lehane grading during intuba-
tion to assess difficult intubation. It was shown that the thy-
romental height had an 83% sensitivity and a 99% specificity. 
After determining that the range of 47.46 to 51.02 mm had 
the optimum sensitivity and specificity, they decided to em-
ploy a cut-off value of 50 mm for clinical application. In com-
parison to current anatomical measurements, the thyromen-
tal height test was found to be more accurate than other tests 
(all p < 0.0001), indicating that it is a more reliable predictor 
of difficult laryngoscopy. Rao KV et al,23 found sensitivity, 
specificity, PPV, NPV, accuracy, and AUC values of 84.2%, 
98.97%, 88%, 98.3%, 97.7%, and 0.92, respectively, for TMHT. 
Two (40%) of the five study participants who had a thyro-
mental distance of less than 6.5 cm experienced challenging 
intubation. Twenty six (11.8%) of the remaining 219 partici-
pants who had a thyromental gap larger than 6.5 cm expe-
rienced difficulties during intubation. The sensitivity, NPV, 
and AUC of thyromental distance were the lowest, at 7.14%, 
89.39%, and 0.642, respectively. Its PPV was 40%, its accuracy 
was 88.40%, and its specificity was the best at 98.65%. The 
results were in line with several other research, showing that 
thyromental distance (TMD) had the best specificity but the 
lowest sensitivity as a predictor of difficult intubation. 
Shiga et al24 conducted a meta-analysis on 35 patients and 
found a sensitivity of 20%, a specificity of 94%, and an odds 
ratio of 3.4 for TMD. Nilesh Jain et al,17 found a sensitivity of 
22%, specificity of 98%, PPV of 58%, NPV of 92%, and accu-
racy of 91%, which were similar to our findings. 
Thirty-two study participants had a Mallampati grade greater 
than two (3 or 4), among whom 11 (34.37%) had difficult in-
tubation, compared to only 17 (7.7%) among those with Mal-
lampati grade 1 or 2. The sensitivity, specificity, PPV, NPV, ac-
curacy, and AUC were 39.2%, 90.54%, 34.37%, 92.20%, 84.80%, 
and 0.752, respectively. Shiga et al,24 reported almost similar 
findings in their study. Rao KV et al23 reported a sensitivity of 
61%, moderate specificity of 71%, PPV of 25%, NPV of 97%, 
and accuracy of 80%, which were similar to our study. 
Intubation was challenging for 11 (26%) of the 41 study par-
ticipants whose neck circumference was larger than 37.5 cm, 
while it was easy for 17 (8%) of the 208 persons whose neck 

circumference was less than 37.5 cm. The diagnostic values 
for neck circumference were sensitivity 39.29%, specific-
ity 86.49%, PPV 26.83%, NPV 91.87%, accuracy 81.20%, and 
AUC 0.65. Gonzalez H et al,25 reported very good results for 
neck circumference with a sensitivity of 92%, specificity of 
84%, PPV of 37%, and NPV of 99%, using a cut-off value of 
>43 cm. In our study, the results were moderate, as we used a 
cut-off of >37.5 cm. Rao KV et al,23 found a sensitivity of 65%, 
specificity of 32%, PPV of 7%, NPV of 91%, accuracy of 35%, 
and AUC of 0.49.
Out of 23 participants with a Wilson score ≥4, six (26%) had 
difficult intubation, compared to 22 (9%) among 227 partici-
pants with a Wilson score <4. The diagnostic values for the 
Wilson score in our study were sensitivity 21.43%, specificity 
92.34%, PPV 26.09%, NPV 90.31%, accuracy 84.40%, and AUC 
0.755. Shiga et al,24 found that the Wilson score had moderate 
diagnostic value, with sensitivity of 46%, specificity of 89%, and 
positive and negative likelihood ratios of 5.8 and 0.6. Gonzalez 
H et al25 found good results for the Wilson score with sensitiv-
ity of 75%, specificity of 60%, PPV of 16%, and NPV of 96%. 
In our study, 28 out of 250 patients had difficult intubation ac-
cording to the IDS, resulting in an incidence of 11.2%. We com-
pared five predictors of difficult intubation in this study. The 
sensitivities were as follows: TMHT (71.43%) > MPC (39.29%) 
= NC (39.29%) > WS (21.43%) > TMD (7.14%). TMHT was 
the most sensitive parameter, while TMD was the least sen-
sitive. TMD (98.65%) had the highest specificity, followed 
by TMHT (97.75%), WS (92.34%), MPC (90.54%), and NC 
(86.49%). The PPVs were in the following order: TMHT (80%) 
> TMD (40%) > MPC (34.37%) > NC (26.83%) > WS (26.09%). 
The NPVs in decreasing order were: TMHT (96.44%) > MPC 
(92.20%) > NC (91.87%) > WS (90.31%) > TMD (89.39%). Ac-
curacy was best for TMHT (94.80%) > TMD (88.40%) > MPC 
(84.80%) > WS (84.40%) > NC (81.20%). The best AUC was 
observed in TMHT (0.946), followed by WS (0.755), MPC 
(0.752), NC (0.650), and TMD (0.642).
Etzadi et al,22 found the sensitivities as: TMHT (82%) > MPC 
(26%) > TMD (21%). In their study, the specificities were: 
TMHT (99%) > MPC (86%) > TMD (80%). The PPVs were 
in the following order: TMHT (90%) > MPC (13%) > TMD 
(8%). The NPV was highest for TMHT (98%) > MPC (93%) > 
TMD (92%). Accuracy in their study was as follows: TMHT 
(98%) > MPC (86%) > TMD (71%).
Rao et al,23 also showed the best results for TMHT with sen-
sitivity of 84% (MPC 73%, NC 65%, TMD 11%), specificity 
of 98% (TMD 83%, MPC 81%, NC 32%), PPV of 88% (MPC 
25%, NC 7%, TMD 5%), NPV of 98% (MPC 97%, NC 91%, 
and TMD 91%), accuracy of 97% (MPC 80%, TMD 77%, NC 
35%), and AUC of 0.92 (MPC 0.77, NC 0.49, TMD 0.10).

Limitations
We considered an IDS score of ≥5 as indicative of difficult 
intubation, excluding mild to moderate cases. 

CONCLUSION
This study concluded that the thyromental height has proven 
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to be the best predictor among all the parameters we com-
pared, with the highest sensitivity, PPV, NPV, accuracy, and 
AUC. Mallampati score (MPC), neck circumference (NC), 
and Wilson score (WS) demonstrated similar statistical val-
ues, but these were of limited diagnostic value. The measure 
with the lowest sensitivity and AUC for predicting difficult 
intubation was thyromental distance (TMD). Other metrics, 
such as Wilson score, MPC, and NC, produced comparable 
outcomes and were just as useful as those for challenging in-
tubation. Therefore, we deduce that the Thyromental Height 
test (TMHT) is the most useful metric for forecasting chal-
lenging intubation.
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