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Abstract 

Background: Maintaining patent airways is vital in pediatric anesthetic management. Failure to manage and antici-
pate difficult laryngoscopy (DL) preoperatively is the leading cause of morbidity and mortality. Data on the predic-
tive values of screening parameters in predicting DL are limited in children. Therefore, this study aimed to assess the 
predictive value of the modified Mallampati test (MMT), upper lip bite test (ULBT), thyromental distance (TMD), and 
ratio of height to thyromental distance (RHTMD) in predicting DL in children aged 5–12 years at selected Addis Ababa 
governmental hospitals in Ethiopia.

Methods: A multicenter cross-sectional study was conducted on 141 elective pediatric surgical patients aged 5 to 
12 years selected using a systematic random sampling technique at three governmental hospitals from December 
1, 2021, to April 30, 2022. The collected data were entered and analysed by SPSS version 26. Chi-square and Fisher’s 
exact tests were used to compare categorical variables. The receiver operating characteristic curve analysis was used 
to compare the accuracy of MMT, ULBT, TMD, and RHTMD against DL. A P value < 0.05 was considered statistically 
significant.

Results: The magnitude of DL was 15.6%. MMT has the highest sensitivity (86.4%), specificity (91.6%), and negative 
predictive value (NPV) (97.3%) compared to other tests. The ULBT also has a high sensitivity (72.7%) and specific-
ity (84%) with comparable diagnostic accuracy (90.8%) with the MMT (P < 0.05). The sensitivity, specificity, positive 
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Background
One of the vital areas of pediatric anesthetic manage-
ment is maintaining patent airways during anesthesia 
and surgery. Inability to manage the airway during anes-
thesia is the leading cause of injury and fatality. Difficult 
laryngoscopy (DL) is commonly related to difficult intu-
bation under general anesthesia, resulting in intubation 
failure and potentially leading to fatal consequences [1].

An anesthetist’s daily activities of concern are preop-
erative airway assessment to identify persons at risk of 
DL or intubation, anticipating it preoperatively and pre-
paredness to manage it. It is necessary to be able to spot 
people who are at risk of DL or tracheal intubation, par-
ticularly in patients who appear to have apparently nor-
mal airways [1–3] because unexpected airway difficulties 
might be distressing where enough qualified staff and 
equipment are not readily available [4, 5].

Among all anesthesia-related deaths in pediatrics, 13% 
are related to difficulties during laryngoscopy and intuba-
tion [6]. The prevalence of DL ranges from 1% to 20.8% in 
pediatrics [7–13].

In clinical anesthesia, there are many preopera-
tive screening tests for predicting DL and difficult tra-
cheal intubation [4, 5, 14–19]. However, the diagnostic 
accuracy is based on adult patients’ findings and varies 
because of differences in patient ethnicity and physical 
characteristics [14–17], which requires investigation in 
pediatrics. Because of the variations in pediatric anatomy 
and physiology, high vulnerability to respiratory-related 
adverse events (43% of all adverse events), and limited 
availability of airway equipment compared to adults, 
children are at high risk of DL and intubation [4, 5, 18, 
19]. Therefore, predicting DL in pediatric patients is 
important.

Few studies with no public agreement have examined 
the clinical predictors of laryngoscopy difficulties in chil-
dren [7, 10, 12, 13, 15], and there are no available data 
on the study area. Therefore, this study aimed to assess 
the predictive value of MMT, ULBT, TMD and RHTMD, 
which are simple to perform and easy to understand, to 
predict DL in pediatric patients aged 5–12 years with no 
obvious difficult airway signs at selected Addis Ababa 
governmental hospitals in Ethiopia. This research will 

provide information on the predictive values of these 
screening tests in pediatrics, which will help to detect 
problematic laryngoscopy during preoperative airway 
assessment in children and to plan accordingly.

Methods
Study area, study design and period
This multicenter hospital-based cross-sectional study 
was conducted in three governmental hospitals of Addis 
Ababa, Ethiopia: Tikur Anbessa Specialized Hospital 
(TASH), Yekatit 12 Hospital Medical College and Mene-
lik II Specialized Hospital. They were selected purposely 
because the majority of pediatric surgical procedures are 
performed in these hospitals. The study was conducted 
from December 1, 2021, to April 30, 2022.

Population, eligibility criteria, and variables
The source population was all pediatric elective surgi-
cal patients aged 5–12  years who underwent surgery 
under general anesthesia with endotracheal intubation 
at selected hospitals. The study population was pediatric 
patients aged 5–12 years who underwent elective surgery 
under general anesthesia with endotracheal intubation in 
the selected hospitals who met the inclusion criteria and 
selected for the sample during the study period.

ASA I and II pediatrics 5–12 years scheduled for elec-
tive surgery under general anesthesia with endotracheal 
intubation during the study period were included. Pediat-
ric patients 5–12 years of age with congenital upper air-
way malformation, swelling in the neck region, oral mass, 
restrictive mouth opening due to pathological condition, 
maxillofacial trauma, protruded teeth, temporomandibu-
lar joint ankylosis, burn contracture on the neck, limi-
tation of cervical mobility, and uncooperative pediatric 
patients were excluded. The dependent variables of this 
study were difficult laryngoscopy (YES/No) and the pre-
dictive values of the four airway parameters in predict-
ing DL, and the independent variables were MMT, TMD, 
ULBT, and RHTMD.

This study has been registered on the Research Registry 
and has received a unique identification number (UIN) 
“researchregistry8122’’ which can be accessed through 
https:// www. resea rchre gistry. com/ browse- the- regis try# 

predictive value (PPV), NPV, and accuracy of TMD were 63.6%, 95.8%, 73.7%, 93.4%, and 82.2%, respectively. The 
RHTMD has the lowest specificity (63.6%), PPV (22.5%), NPV (91.4%), and accuracy (56.7%) in predicting DL.

Conclusion: The MMT and ULBT are good screening tests, followed by the TMD in predicting DL, while the RHTMD 
was the least accurate predictor. Because no single test has 100% predictive value, a combination of screening tests is 
advised in pediatrics for predicting DL.

Keywords: Predictive value, Modified Mallampati test, Thyromental distance, Ratio of Height to TMD, Upper lip bite 
test, Difficult laryngoscopy, Addis Ababa, Ethiopia
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home/. This study is reported according to the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology (STROBE) criteria [20].

Sample size and sampling technique
The sample size was determined using a single popula-
tion proportion formula, with a prevalence of 0.5 and a 
margin of error of 5% at the 95% confidence interval.

n = 
(� �

2

)2∗�(1−�)

�2
   = 384 where n = sample size, Z = 1.96, 

p = 0.5 & w = 0.05. Since the target population who under-
went surgery in elective bases under general anesthesia with 
endotracheal intubation during the past three months in the 
study hospitals was (N = 185), from log book review, a finite 
population correction formula was used for sample size 
adjustment (nf) = n

(1+
n

N
)
=128. Then, by adding 10% for the 

nonresponse rate, a total of 141 elective pediatric surgical 
patients were included in this study.

Therefore, study subjects for each hospital were 
selected using proportion allocation by dividing the 

number of cases during situational analysis in each hos-
pital multiplied by the sample size (n = 141) by the total 
number of patients (N = 185). Therefore, 69 at TASH, 34 
at Yekatit 12 Hospital Medical College and 38 at Mene-
lik II Specialized Hospital were involved in the sample. 
Study participants were selected using a systematic ran-
dom sampling technique using a sampling interval (K): 
K = N/n; 185/141≈2. Therefore, the first study partici-
pant was selected using the lottery method from the daily 
operation schedule list. Then, every second case was 
included from each study hospital, using the daily opera-
tion elective schedule as a sampling frame (Fig. 1).

Before the study, an ethical approval letter was written 
from the Institution Review Board (IRB) of Addis Ababa 
University College of Health Sciences (reference number: 
Anes 15/2021/2022). Then, a legal letter was submitted to 
the study hospitals, and ethical clearance was obtained. 
Data collectors and supervisors were trained on the study 
objective and the assessment tool for one day before data 
collection. Before the data collection began, the study 
participants’ families were informed about the study’s 

Fig. 1 Flow diagram of proportional allocation and sampling technique of the participants. Data collection procedures and quality assurance

https://www.researchregistry.com/browse-the-registry#home/
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purpose. Then, after obtaining written informed assent, 
data were collected using a pretested structured ques-
tionnaire. Age, sex, and ASA status were collected from 
the chart. The height (in centimeters) and weight of the 
children (in kilograms) were measured using a flexible 
meter and weight balance, respectively. The MMT was 
graded by visualizing orophargeal structure, while the 
patient was seated, head in a neutral position, mouth 
wide open, and tongue protruding maximally. The ULBT 
was assessed with patient sitting, head in neutral posi-
tion. and instructed to bite his/her upper lip and graded 
accordingly. The thyromental distance was measured in 
the sitting position, with the head completely stretched 
on the neck and the mouth closed, using a rigid ruler by 
trained data collectors before the patients entered the 
operation room. RHTMD was determined by dividing 
the patient’s height by the TMD. After applying standard 
monitors, preoxygenation was carried out followed by 
intravenous anesthesia induction and muscle relaxation 
using Suxamethonium based on milligrams per kilogram 
of the children. Then, direct laryngoscopy was performed 
using a Macintosh number 2 blade in 108 cases and a 
Miller number 2 blade in 33 cases. The patient’s Cormack 
and Lehane laryngoscopic grades were determined by 
the anesthetist who performed the laryngoscopy by pro-
viding diagrammatic representation of the larynx after 
direct laryngoscopy and completion of intubation. All 
141 direct laryngoscopies and endotracheal intubations 
were performed by anesthetists with a minimum of four 
years of experience in this study. The supervisors kept an 
eye on the data gathering process. Each questionnaire 
was checked for completeness by the principal investiga-
tor and the supervisors daily.

Data analysis and interpretation
Data with complete information were entered and coded 
into SPSS version 26 (IBM corporate) for analysis. Cate-
gorical variables were presented as a number and percent-
age. Mean and standard deviation were used to express 
continuous demographic data. Cross tabulation was per-
formed to obtain the numbers of DL in relation to the 
MMC, ULBT, TMD, and RHTMD. Chi-square and Fish-
er’s exact tests were used to compare categorical variables, 
as appropriate. Receiver operating characteristic curve 
analysis was used to compare the accuracy of MMC, 
ULBT, TMD, and RHTMD against DL. Cut-off values of 
TMD and RHTMD were calculated by receiver operating 
curve analysis. Sensitivity, specificity, positive and nega-
tive predictive values with 95% confidence intervals were 
calculated using cross tabulation to assess the association 
between the outcome and exposure variables. Statistical 
significance was defined at a P value of less than 0.05.

Operational definitions
Direct laryngoscopy
The procedure performed to visualize the vocal cords 
using laryngoscope.

Difficult laryngoscopy
Inability to visualize the vocal cord during direct laryn-
goscopy after induction and muscle relaxation (CLG III 
and/or IV) [21, 22].

Cormack and Lehane grade (CLG)
Methods of classifying the degree of visualization of the 
vocal cord (grade I-IV) during direct laryngoscopy after 
induction of anesthesia and during direct laryngoscopy 
[22].

Grade I: Visualization of the entire laryngeal aper-
ture.
Grade II: Only the posterior commissure of the 
laryngeal opening is seen.
Grade III: Only the epiglottis is visible.
Grade IV: Any portion of the laryngeal structure is 
invisible

Difficult intubation
Tracheal intubation requires > three attempts or > ten 
minutes for an experienced anesthetist utilizing direct 
laryngoscopy [21].

American Society of Anesthesiologists (ASA) physical status
A method of classifying patients’ physical status, which 
categorizes patients into six categories based on their 
systemic wellbeing.

Modified Mallampati Test (MMT)
A simple airway assessment widely used to predict diffi-
cult laryngoscopy/intubation by viewing oropharyngeal 
structure, while the patient is seated, head in a neutral 
position, mouth wide open, and tongue protruding 
maximally. Based on this test, there are five classes viz: 
0, I, II, III and IV [22].

Class 0: part of the epiglottis is visible
Class I: hard palate, soft palate, uvula, tonsillar 
fauces and pillars are visible
class II: hard palate, soft palate, fauces and uvula-
tip are visible
Class III: the base of the uvula and the soft palate 
are observable
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Class IV: Only the hard palate is visible, and the 
soft palate is not visible at all.

MM Class III and IV are considered difficult 
laryngoscopy.

Thyromental distance (TMD)
The distance between the mentum and the thyroid notch 
measured in centimeters (cm) when the patient’s neck is 
fully extended.

Upper lip bite test (ULBT)
Ability of patients to bite the top lip with the lower jaw 
incisors [18].

Class I: Lower incisors have the ability to bite the 
upper lip above the vermilion line
Class II: Lower incisors have the ability to bite the 
upper lip below the vermilion line
Class III: Lower incisors unable to bite the upper lip 
(difficult laryngoscopy can occur)

Ratio of height to thyromental distance (RHTMD)
The patient’s height in centimeters (cm) divided by the 
TMD (in cm).

Sensitivity
The conditional likelihood of screening tools properly iden-
tifying the presence of difficult laryngoscopy 

truepostive

truepositive+falsenegative
.

Specificity
The chance of screening tools successfully diagnosing 
laryngoscopy is not difficult truenegative

truenegative+falsepostive.

Positive predictive value
The likelihood of being difficult laryngoscopy for screen-
ing tools predicted difficult laryngoscopy truepostive

truepostive+falsepostive
.

Negative predictive value
The likelihood of not being difficult laryngoscopy for 
screening tools predicted not being difficult laryngoscopy 

truenegative

truenegative+falsenegative
.

Limitation of cervical mobility
It is defined as the limitation of cervical extension sec-
ondary to cervical injury or fixed atlantooccipital joint.

Apparent difficult airway indicator
Any mass in the mouth, large anterior neck mass, 
short neck, fixed atlantooccipital joint and cervi-
cal vertebrae, maxillofacial trauma, protruded teeth, 

temporomandibular joint ankylosis, burn contracture on 
the neck.

Results
Sociodemographic characteristics
Of the 141 study participants included in this study, 
more than half (53.2%) were males. The mean age of the 
participants was 7.73 ± 2.1  years. The mean weight and 
height of the study participants were 26 ± 7.38  kg and 
118.1 ± 13.9 cm, respectively (Table 1).

Magnitude and predictors of difficult laryngoscopy
In this study, the TMD ranged between 4–7  cm (cm) 
with a mean and standard deviation of 5.5 ± 0.7  cm, 
and the RHTMD ranged between 18.33 and 25.60 with 
a mean and standard deviation of 21.39 ± 1.5. In this 
study, the overall magnitude of difficult laryngoscopy was 
22/141 (15.6%). However, there was no failed or difficult 
intubation.

The majority of the study participants (n = 63, 
44.68%) had Cormack and Lehane grade I. There was 
no Cormack and Lehane grade IV. Similarly, there 
was no MMC class IV. Out of 112 (79.4%) MMC I-II 
patients, only 3 (2.13%) had difficult laryngoscopy, 
however, DL was encountered in 19 (13.47%) patients 
out of 29 (20.6%) patients who exhibited MMC III. 
Among 19 (13.5%) patients who had TMD < 5  cm, DL 
was encountered in 8 patients (p < 0.05). However, out 
of 122 (86.5%) patients with measured TMD > 5 cm, DL 
was observed in 14 (9.93%) cases. Furthermore, from 
106 patients who had ULBT class I-II, DL was observed 
in 6 cases (Table 2).

Preoperative predictive values of difficult laryngoscopy
A receiver operative characteristic (ROC) curve analy-
sis with the area under the curve (AUC) and the 95% 

Table 1 Sociodemographic characteristics of study participants 
in the selected hospitals, Addis Ababa, Ethiopia (n = 141)

n (%) number (percentage), SD Standard deviation, ASA American Society of 
Anesthesiologists’

Variables Category

Sex, n (%) Male Female TOTAL

75 (53.2) 66 (46.8) 141 (100)

Age in years (Mean ± SD) 7.8 ± 2.03 7.65 ± 2.13 7.73 ± 2.1

Weight in kilogram 
(Mean ± SD)

26 ± 7.6 25.9 ± 7.2 26.00 ± 7.38

Height in centimeter 
(Mean ± SD)

117.5 ± 13.8 118.8 ± 14.08 118.1 ± 13.9

ASA physical status Category (%)

I 99 70.2%

II 42 29.8
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confidence interval (CI) found optimal cut-off points for 
TMD and RHTMD for the prediction of difficult laryngo-
scopy of 5 cm and 21.5, respectively.

The accuracy of preoperative tests for difficult laryngos-
copy was compared using the receiver operating character-
istic (ROC) curve. In this study, the MMT had the highest 
sensitivity (86.4%) and the best negative predictive value 
(97.3%) compared to the other three screening tests. The 
TMD and RHTMD also showed a higher sensitivity (82.2% 
and 56.7%), respectively. A higher specificity was seen in 
the TMD (95.8%) and MMT (91.6%). The negative predic-
tive values of all airway parameters were higher (Table 3).

The MMT, RHTMD, TMD, and ULBT were all found 
to be above the reference line (0.5), with areas under the 
curve of 0.917, 0.810, 0.902, and 0.809, respectively, on 
the ROC curve (Fig. 2).

Discussion
Difficult laryngoscopy is commonly related to difficult 
intubation under general anesthesia, resulting in failed 
intubation, which may potentially lead to hypoxia, car-
diac arrest and death [1]. The overall magnitude of dif-
ficult laryngoscopy was 15.6% among elective pediatric 
surgical patients (5–12  years), who were old enough to 
follow instructions, with no apparent difficult airway 
indicator in our study. The result of our study was higher 
than other studies that found 1% [7], 1.35% [8], 3% [9], 
3.58% [10], 7.2% [11], and 10.4% [12] incidence of DL. In 
contrast, our result was lower than that of another study 
[13], which found a 20.8% prevalence of DL. The dis-
crepancies in the magnitude could be due to the use of 
different types of laryngoscopes which could affect the 
Cormack and Lehane grading because optimum intuba-
tion attempts are associated with alternative laryngo-
scope blades selection [23]. Furthermore, it could be due 
to the level of experience of the practitioner which could 
have a significant association with a difficult laryngos-
copy [11, 23, 24], and it could also be due to differences in 
the patient’s ethnicity, anthropology, sample size and def-
inition of difficult laryngoscopy. In our study, there was 
no Cormack and Lehane grade IV, and there was also no 
difficult or failed intubation. This could be because direct 
laryngoscopy and intubation were performed by experi-
enced anesthetists because the skill and experience of the 
anesthetists can affect the success of laryngoscopy and 
intubation [4, 21].

In our study, we found 0% and 2.13% difficult laryngos-
copy (CLG III) in MMC I, and MMC II patients, respec-
tively. In contrast to our result, Ezri T. et al. [25] found a 
higher magnitude (3.2%) of CLG III in MMC I patients. 
K. Murugesan et  al. [26] also found a higher magni-
tude of CLG III; 1.35% and 4.3%, in MMC I, and MMC 
II patients, respectively. This indicates that the MMC to 
Cormack and Lehane grade relationship varies from pop-
ulation to population in predicting DL, and predicting 
easy laryngoscopy in MMT may become difficult.

Table 2 Preoperative airway parameters and their distribution 
with difficult laryngoscopy among study participants

n (%) number (percentage), DL Difficult laryngoscopy, MMC Modified Mallampati 
class, CLG Cormack and Lehane grade

Predictors Frequency, n (%) DL, n (%)

MMC
 I 47 (33.3) 0 (0)

 II 65 (46.1) 3 (2.13)

 III 29 (20.6) 19 (13.47)

 IV 0 (0) 0 (0)

TMD
  < 5 cm 19 (13.5) 8 (5.67)

  ≥ 5 cm 122 (86.5) 14 (9.93)

ULBT class
 I 40 (28.4) 1 (0.70)

 II 66 (46.8) 5 (3.55)

 III 34 (24.8) 16 (11.35)

RHTMD
  < 21.5 71 (50.4) 16 (11.35)

  ≥ 21.5 70 (49.6) 6 (4.25)

Table 3 Sensitivity, specificity, positive predictive value, and negative predictive value for preoperative parameters against difficult 
laryngoscopy

Sn Sensitivity, Sp Specificity, PPV Positive predictive value, NPV Negative predictive value, AUC  Area under the curve, CI Confidence interval. P values are obtained from 
Fisher’s exact test
a DeLong et al., 1988
b AUC ± 1.96 SE

Parameters Sn Sp PPV NPV AUC SEa 95%  CIb P-value Accuracy

MMT 86.4% 91.6% 65.6% 97.3% .917 0.0266 0.865, 0.969  < 0.001 90.8%

RHTMD 72.7% 53.8% 22.5% 91.4% 0.810 0.0453 0.721, 0.899 0.001 56.7%

TMD 63.6% 95.8% 73.7% 93.4% 0.902 0.0285 0.847, 0.958  < 0.001 82.2%

ULBT 72.7% 84.0% 45.7% 94.3% 0.809 0.0472 0.717, 0.902  < 0.001 90.8%
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An ideal preoperative airway screening test should 
be highly sensitive, specific, and should have high posi-
tive predictive value with less negative predictive value 
to identify patients at risk of difficult laryngoscopy/
intubation correctly [27]. In our study, MMT was the 
most accurate predictor of DL, with fairly high sensi-
tivity (86.4%), specificity (91.6%), moderately high PPV 
(65.6%), high NPV (97.3%), and high diagnostic accu-
racy (90.8%) (p < 0.001). Thus, the MMT might cor-
rectly identify patients who will be at risk of difficult 
laryngoscopy. On the other hand, MMC being easy 
preoperatively (MMC I and II) might not rule out the 
absence of DL.

In line with our study, Sumer S. S et al. [15] found that 
the MMT has high sensitivity (75%), specificity (92%), 
and diagnostic accuracy (90%) among the TMD, ULBT 
and RHTMD. Our result was also in agreement with 
another study [12] that found the highest diagnostic 
accuracy (93.6%), moderate to fair sensitivity (76.92%), 
specificity (95.4%), PPV (66.7%), and NPV (97.3%) for 
MMT in predicting DL in children.

In our study, the sensitivity, specificity, NPV, and diag-
nostic accuracy of ULBT were moderate to fairly high 
(72.7%, 84%, 94.3%, and 90.8%, respectively), while the 
PPV (45.7%) was poor in predicting DL.

Fig. 2 ROC curve for preoperative airway screening tests against difficult laryngoscopy. The pairwise comparison of ROC curves to test the 
difference between the area under two ROC curves showed a statistically significant difference between ULBT and MMT, RHTMD and MMT, and 
ULBT and TMD in predicting DL with P < 0.05 (Table 4)

Table 4 Pairwise comparison of ROC curves for the airway tests

a DeLong et al., 1988

Parameter Difference between 
Areas

SEa 95% CI z statistic P-value

ULBT ~ MMT 0.107 0.0529 0.00366—0.211 2.029 0.0424

RHTMD ~ MMT 0.107 0.0491 0.0108—0.203 2.180 0.0293

TMD ~ MMT 0.0143 0.0397 -0.0634—0.0921 0.361 0.7180

ULBT ~ RHTMD 0.000382 0.0616 -0.120 to 0.121 0.00620 0.9951

TMD ~ RHTMD 0.0926 0.0576 -0.0204 to 0.206 1.607 0.1081

ULBT ~ TMD 0.0930 0.0439 0.00706 to 0.179 2.121 0.0339
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Similar to our study, Mehmet Turan et  al. [12] found 
that the MMT and ULBT are useful in pediatrics aged 5 to 
11 years for predicting difficult intubation with moderate to 
high sensitivity, specificity, and NPV (69.23%-97.32%). The 
result of our study was also comparable to another study 
[15] that found a moderate specificity (79.55%) and high 
NPV (93.33%) for ULBT. In contrast to our study, KILIÇ Y 
et al. [13] and Khan ZH et al. [18] found that the ULBT had 
higher specificity and accuracy than the MMT in pediatrics. 
Eberhart et al. [28] on the other hand found that both ULBT 
and MMT were poor predictors of DL. The difference may 
be due to differences in patients’ physical appearance.

Thyromental distance was observed to have moderate 
sensitivity (63.6%), high specificity (95.8%), NPV (93.4%), 
PPV (73.7%), and diagnostic accuracy (82.2%) in our 
study. Unlike adults, there are still no fixed lowest accept-
able values for TMD and RHTMD in children, although 
it will be considerably smaller [29]. According to our 
study, the cut-off point of TMD was 5 cm in predicting 
DL by ROC curve analysis. In contrary to our results, a 
study conducted in India [15] and Turkey [12] found the 
cut-off value for TMD to be 6.3 cm and 5.5 cm, respec-
tively, in the pediatric population in predicting DL.

In our study, RHTMD is found a poor predictor of DL 
(low PPV) compared with others. Our study is congru-
ent with a study conducted in India [15] and Turkey [12]. 
In our study, the cut-off value of RHTMD for predicting 
difficult laryngoscopy was 21.5 on ROC curve analysis. In 
contrast to our study, studies conducted in India [15] and 
Turkey [12] found ideal cut-off values of 18 and 23.5 in 
predicting DL in pediatric patients, respectively. The pos-
sible discrepancies in the cut-off values could be due to 
anthropological differences among different ethnic groups.

Strength of the study
This study was conducted in a multicenter setting in 
homogenous participants, thereby minimizing selection 
bias, and generalization of the findings is not limited to a 
single center.

Limitation of the study
Not using a similar laryngoscopy blade for all cases made 
it impossible to eliminate interobserver variance bias, 
which may have influenced the result. Furthermore, the 
study was conducted on ASA I and II pediatric surgical 
patients who had normal airways, so we recommended 
other studies targeting high-risk pediatric populations.

Conclusion
The magnitude of difficult laryngoscopy was high in 
apparently normal airway elective pediatric surgical 
patients aged 5 to 12  years in this study. The MMT is a 

good test with the highest accuracy for predicting dif-
ficult laryngoscopy, followed by the ULBT and TMD. 
The RHTMD was the least accurate predictor of difficult 
laryngoscopy in this study. Because no single criterion has 
100% predictive value, we recommend using a combina-
tion of these four tests to identify difficult laryngoscopy in 
pediatric patients.

Abbreviations
ASA: American Society of Anesthesiologists’ physical status; CLG: Cormack 
and Lehane grade; DL: Difficult laryngoscopy; MMT: Modified Mallampati test; 
NPV: Negative predictive value; PPV: Positive predictive value; RHTMD: Ratio of 
height to thyromental distance; SPSS: Statistical Package for Social Sciences; 
TMD: Thyromental distance; ULBT: Upper lip bite test.

Acknowledgements
We would like to thank the data collectors, study participants, and supervisors 
who contributed to the development of this work.

Authors’ contributions
MS contributed to the study conception and design, performed the 
statistical analysis and interpretation of the results, and wrote and pre-
pared the manuscript. AA and WA contributed to the study conception, 
design, data collection, writing up, statistical analysis and interpretation 
of the results. All the authors read the manuscript and approved the 
final submission.

Funding
This work was funded by Addis Ababa University. The university did not take 
part in the design of the study, data collection, analysis, interpretation of the 
data or in the writing of the manuscript. The sponsor has no role other than 
funding this research project and enhancing staff research.

Availability of data and materials
The datasets generated during the current study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
Before the study, an ethical approval letter was written by the Insti-
tutional Review Board (IRB) of Addis Ababa University College of 
Health Science Department of Anesthesia (reference number: Anes 
15/2021/2022). Then, a legal letter was submitted to the study hospitals 
directors explaining the purpose of the study, and ethical clearance 
was obtained from each study hospital. The study participants’ families 
were informed about the study’s purpose before data collection begun. 
Then, after obtaining informed written assent from each participant’s 
family and after they agreed to participate in the study, data were col-
lected using a pretested structured questionnaire prepared in English. 
The name and addresses of the participants were not recorded in the 
questionnaire. Furthermore, this research has been performed in accord-
ance with the Declaration of Helsinki (all the basic principles of human 
research ethics: respect for a person, beneficence, voluntary participa-
tion, confidentiality, and justice were valued. This study is reported 
according to the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) criteria [20].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 July 2022   Accepted: 9 November 2022



Page 9 of 9Sitot et al. BMC Anesthesiology          (2022) 22:364  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
 1. Aggarwal A, Sharma KR, Verma UC. Evaluation of “difficult airway predic-

tors in pediatric population” as a clinical investigation. J Anesth Clin Res. 
2012;3(11):1–5. https:// doi. org/ 10. 4172/ 2155- 6148. 10002 56.

 2. Salimi A, Farzanegan B, Rastegarpour A, Kolahi AA. Comparison of the 
upper lip bite test with measurement of thyromental distance for predic-
tion of difficult intubations. Acta Anaesthesiol Taiwanica. 2008;46(2):61–5.

 3. Balakrishnan R, Mathew P, Vargese SS. Comparison of Modified 
Mallampati Test and Upper Lip Bite Test in Prediction of Difficult 
Endotracheal Intubation: A Prospective Study. Indian J Anesth Analg. 
2018;5(8):1367–71.

 4. Walas W, Aleksandrowicz D, Borszewska-Kornacka M, Gaszyński T, 
Helwich E, Migdał M, et al. Unanticipated difficult airway management 
in children - The consensus statement of the Paediatric Anaesthesiology 
and Intensive Care Section and the Airway Management Section of the 
Polish Society of Anaesthesiology and Intensive Therapy and the Polish 
So. Anaesthesiol Intensive Ther. 2017;49(5):336–49.

 5. Seo SH, Lee JG, Yu SB, Kim DS, Ryu SJ, Kim KH. Predictors of difficult intu-
bation defined by the intubation difficulty scale (IDS): Predictive value of 
7 airway assessment factors. Korean J Anesthesiol. 2012;63(6):491–7.

 6. Tay CL, Tan GM, Ng SB. Critical incidents in paediatric anaesthesia: 
an audit of 10 000 anaesthetics in Singapore. Paediatr Anaesth. 
2001;11:711–8.

 7. Rafique NB, Khan FA. Comparison of Mallampatti Test, Thyromental Dis-
tance and Distance from Tragus to Nares for Predicting Difficult Intuba-
tion in Pediatric Patients. Open Journal of Anesthesiology. 2014;4:104–9. 
https:// doi. org/ 10. 4236/ ojanes. 2014. 44016.

 8. Heinrich S, Birkholz T, Ihmsen H, Irouschek A, Ackermann A, Schmidt J. 
Incidence and predictors of difficult laryngoscopy in 11,219 pediatric 
anesthesia procedures. Paediatr Anaesth. 2012;22(8):729–36.

 9. Mirghassemi A, Soltani AE, Abtahi M. Evaluation of laryngoscopic views 
and related influencing factors in a pediatric population. Paediatr 
Anaesth. 2011;21(6):663–7.

 10. Mansano AM, Módolo NS, Silva LM, Ganem EM, Braz LG, Knabe Ade C, 
Freitas FM. Bedside tests to predict laryngoscopic difficulty in pediatric 
patients. Int J Pediatr Otorhinolaryngol. 2016;83:63–8. https:// doi. org/ 10. 
1016/j. ijporl. 2016. 01. 031.

 11. Amaha E, Haddis L, SenaitAweke S, Fenta E. The prevalence of difficult 
airway and its associated factors in pediatric patients who underwent 
surgery under general anesthesia: An observational study. SAGE Open 
Med. 2021;9:1–7. https:// doi. org/ 10. 1177/ 20503 12121 10524 36.

 12. Inal MT, Memiş D, Sahin SH, Gunday I. Comparação de diferentes testes 
para determinar intubação difícil em pacientes pediátricos [Comparison 
of different tests to determine difficult intubation in pediatric patients]. 
Rev Bras Anestesiol. 2014, 64(6):391–4. Portuguese. https:// doi. org/ 10. 
1016/j. bjan. 2014. 02. 001.

 13. Kiliç Y, Onay M, Ceyhan D, Bilir A, Yelken B. Comparison of different predic-
tive tests for difficult airways in pediatrics. ENT Updat. 2020;10(3):402–8.

 14. Prakash S, Kumar A, Bhandari S, Mullick P, Singh R, Gogia AR. Difficult 
laryngoscopy and intubation in the Indian population: An assessment of 
anatomical and clinical risk factors. Indian J Anaesth. 2013;57(6):569–75.

 15. Sumer DSS, Cham DSC, Raipure DAM, Dhumane DPG. Evaluation of dif-
ficult airway in paediatric population ranging from 5–12 years age group. 
Int J Med Res Rev. 2019;7(5):411–21.

 16. Stoeter RA, Morley R, Walker RMW. The difficult paediatric airway. Otorhi-
nolaryngologist. 2015;8(1):20–7.

 17. Aswar SG, Chhatrapati S. Abstract PR529: comparison of modified Mal-
lampati test and upper lip bite test for preoperative airway assessment: a 
prospective study. Anesthesia Analgesia. 2016;123(3S):670.

 18. Khan ZH, Kashfi A, Ebrahimkhani E. A comparison of the upper lip bite 
test (a simple new technique) with modified Mallampati classification in 
predicting difficulty in endotracheal intubation: a prospective blinded 
study. Anesth Analg. 2003;96(2):595–9.

 19. Khan ZH, Mohammadi M, Rasouli MR, Farrokhnia F, Khan RH. The 
diagnostic value of the upper lip bite test combined with sternomental 
distance, thyromental distance, and interincisor distance for prediction 
of easy laryngoscopy and intubation: a prospective study. Anesth Analg. 
2009;109(3):822–4. https:// doi. org/ 10. 1213/ ane. 0b013 e3181 af7f0d PMID: 
19690252.

 20. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. STROBE Initiative. The Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) statement: guidelines for reporting 
observational studies. J Clin Epidemiol. 2008;61(4):344–9. https:// doi. org/ 
10. 1016/j. jclin epi. 2007. 11. 008.

 21. Apfelbaum JL, Hagberg CA, Connis RT, Abdelmalak BB, Agarkar M, Dutton 
RP et al. 2022 American Society of Anesthesiologists Practice Guidelines 
for Management of the Difficult Airway. Anesthesiology. 2022;136(1):31–
81. https:// doi. org/ 10. 1097/ ALN. 00000 00000 004002.

 22. Sanyal R, Ray S, Chakraverty P, Bhattacharya MK. Comparison of airway 
assessment by Mallampati classification and Cormack and Lehane grad-
ing in Indian population. Indian J Clin Anaesth. 2019;6(1):140–2.

 23. Baker PA. Assessment and management of the predicted difficult airway 
in babies and children. Anaesth Intensive Care Med. 2019;20(1):42–51.

 24. Tamburro R, Thompson AE, et al. Incidence and associated factors of 
difficult tracheal intubations in pediatric ICUs: a report from National 
Emergency Airway Registry for Children: NEAR4KIDS. Intensive Care Med. 
2014;40(11):1659–69.

 25. Ezri T, Warters RD, Szmuk P, Saad-Eddin H, Geva D, Katz J, Hagberg C. The 
incidence of class “zero” airway and the impact of Mallampati score, age, 
sex, and body mass index on prediction of laryngoscopy grade. Anesth 
Analg. 2001;93(4):1073–5.

 26. Murugesan K, Arunachalam R, Rajarajan N. Correlative study between 
modified mallampati score with Cormack Lehane and POGO scoring. 
IAIM. 2018;5(4):119–25.

 27. Schmitt HJ, Kirmse M, Radespiel-Troger M. Ratio of patient’s height to thy-
romental distance improves prediction of difficult laryngoscopy. Anaesth 
Intensive Care. 2002;30(6):763–5. https:// doi. org/ 10. 1177/ 03100 57X02 
03000 607.

 28. Eberhart LH, Arndt C, Cierpka T, Schwanekamp J, Wulf H, Putzke C. The 
reliability and validity of the upper lip bite test compared with the 
Mallampati classification to predict difficult laryngoscopy: an external 
prospective evaluation. Anesth Analg. 2005;101:284–9.

 29. Baudouin L, Bordes M, Merson L, Naud J, Semjen F, Cros AM. Do adult 
predictive tests predict difficult intubation in children?: A-627. Eur J 
Anaesthesiol. 2006;23:163.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.4172/2155-6148.1000256
https://doi.org/10.4236/ojanes.2014.44016
https://doi.org/10.1016/j.ijporl.2016.01.031
https://doi.org/10.1016/j.ijporl.2016.01.031
https://doi.org/10.1177/20503121211052436
https://doi.org/10.1016/j.bjan.2014.02.001
https://doi.org/10.1016/j.bjan.2014.02.001
https://doi.org/10.1213/ane.0b013e3181af7f0d
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1097/ALN.0000000000004002
https://doi.org/10.1177/0310057X0203000607
https://doi.org/10.1177/0310057X0203000607

	Predictive values of the modified Mallampati test, upper lip bite test, thyromental distance and ratio of height to thyromental distance to predict difficult laryngoscopy in pediatric elective surgical patients 5–12 years old at selected Addis Ababa gover
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study area, study design and period
	Population, eligibility criteria, and variables
	Sample size and sampling technique
	Data analysis and interpretation
	Operational definitions
	Direct laryngoscopy
	Difficult laryngoscopy
	Cormack and Lehane grade (CLG)
	Difficult intubation
	American Society of Anesthesiologists (ASA) physical status
	Modified Mallampati Test (MMT)
	Thyromental distance (TMD)
	Upper lip bite test (ULBT)
	Ratio of height to thyromental distance (RHTMD)
	Sensitivity
	Specificity
	Positive predictive value
	Negative predictive value
	Limitation of cervical mobility
	Apparent difficult airway indicator


	Results
	Sociodemographic characteristics
	Magnitude and predictors of difficult laryngoscopy
	Preoperative predictive values of difficult laryngoscopy

	Discussion
	Strength of the study
	Limitation of the study

	Conclusion
	Acknowledgements
	References


