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Summary
Background and objective: Preoperative evaluation is important in the detection of patients at risk for difficult
airway management. It is still unclear whether true prediction is possible and which variables should be
chosen for evaluation. The aim of this prospective, multi-centre study was to investigate the incidence of
difficult intubation, the sensitivity and positive predictive values of clinical screening tests and whether
combining two or more of these tests will improve the prediction of difficult intubation in Turkish patients.
Methods: Seven study sites from six regions in Turkey participated in this study. One thousand six hundred
and seventy-four ASA physical status I–III patients, scheduled to undergo elective surgery under general
anaesthesia, were included. Results: The incidence of difficult intubation was 4.8% and increased with age
(P , 0.05). The incidence of difficult intubation was significantly higher in patients who had a Mallampati III
or IV score, a decreased average thyromental and sternomental distance, decreased mouth opening, or
decreased protrusion of the mandible (P , 0.05). Mouth opening and Mallampati III–IV were found to be the
most sensitive criteria when used alone (43% and 35%, respectively). Combination of tests did not improve
these results. Conclusions: There is still no individual test or a combination of tests that predict difficult
intubations accurately. Tests with higher specificity despite low positive predictive value are needed.
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Introduction

Difficult or impossible tracheal intubation is one
of the most important causes of mortality and

morbidity related to anaesthesia [1]. The recorded
incidence of difficult laryngoscopy or tracheal
intubation is in the range of 0.1–13% and is
dependent on the patient population [2,3].
Cephalometric studies have shown that distinct
differences exist between different populations [4].
Anatolia lies at the junction of different cultures
and the famous silk road that was actively used has
contributed to a mixture of different ethnic races.
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Although there is a previous study about predicting
difficult intubation in Turkish patients [5],
our study is the first multi-centre study that
includes patients from different geographic areas of
Turkey.

Preoperative evaluation is important in the
detection of patients at risk for difficult airway
management, but it still remains unclear whether
true prediction is possible and what criteria should
be chosen for evaluation. Mallampati classification
[6], mouth opening (interincisor gap) [7], head
extension [8], thyromental distance [9], sternomental
distance [10], protrusion of the mandible [11], tooth
morphology [7], radiographic evaluation of head and
neck [8], ratio of height to thyromental distance
[12], indirect laryngoscopy [13] and a history of
difficult intubation have all been used to evaluate the
airway. Nevertheless, the diagnostic accuracy of these
screening tests has varied from trial to trial [14],
probably because of different test thresholds or dif-
ferences in patient characteristics [15].

The aim of this prospective, multi-centre study
was to investigate the incidence of difficult intuba-
tion, the sensitivity and positive predictive value of
clinical screening tests and whether the combination
of two or more tests would improve the prediction of
difficult intubation in Turkish patients.

Methods

After obtaining approval of the Institutional Ethics
Committee at each site, and written informed
consent, 1700 ASA I–III patients scheduled for
elective surgery and requiring endotracheal intu-
bation were enrolled in this multi-centre study from
September 2003 through December 2004. Seven
sites from six regions in Turkey participated in the
study. Patients aged ,18 yr, those requiring rapid-
sequence induction or an awake intubation, obste-
trical patients, surgical procedures involving the
upper airway, or patients with a history of difficult
intubation or tracheotomy were excluded from the
study. Information was collected prospectively by an
anaesthesiologist by means of a standardized record
sheet (prepared by the primary investigator) during
the preoperative visit and during induction of
anaesthesia. The airway assessment was performed
by the site directors.

The predictor variables evaluated were gender,
age, weight, height, body mass index (BMI), den-
tition and a variety of airway tests. The modified
Mallampati classification [16] was evaluated with
the tongue fully protruding and without phonating.
The thyromental distance (in millimetres) [7,9] was
measured as the straight distance between the
thyroid notch and the bony point of the mentum.

The sternomental distance (in millimetres) [10,11]
was measured as the straight distance between the
upper border of the manubrium sterni and the bony
point of the mentum. The distance was measured in
the sitting position with the head fully extended on
the neck and the mouth closed. The width of mouth
opening was measured as the interincisor gap (in
millimetres) with the mouth fully opened and with
the head in the neutral position [7,11,17] (in
edentulous patients, this was the distance between
the upper and lower gums). The mandibular pro-
trusion was evaluated when the patient protruded
his/her lower incisors as far as possible [7]. The
degree of protrusion was classified as follows into
classes A–C. In class A, the lower incisors can be
protruded anteriorily to the upper incisors. In class
B, the lower incisors can be brought edge to edge
with the upper incisors but not anterior to them.
In class C, the lower incisors cannot be brought
edge to edge with the upper incisors. The range of
motion of the head on the neck was assessed with
one finger on the mentum and one on the occipital
spine and was evaluated as normal if the finger on
the occipital spine was higher or at the same level of
the mentum with the head fully extended. Other-
wise, the range of motion was considered reduced.
Teeth were recorded as normal or missing. All
measures were done with the patient in sitting
position using a ruler, and measures were rounded
to the nearest 0.5 cm.

Before induction of anaesthesia, intravenous (i.v.)
access and standard monitoring was established
with a pulse oximeter, electrocardiogram and non-
invasive arterial pressure monitoring. The ability
to perform mask ventilation was evaluated after
induction of anaesthesia. Difficult mask ventilation
was defined as the inability of an unassisted anaes-
thesiologist to prevent or reverse signs of inadequate
ventilation during positive pressure mask ventila-
tion [18].

After induction of anaesthesia (i.v. propofol
2–2.5 mg kg21) and administration of an intuba-
tion dose of a neuromuscular blocking agent
(i.v. atracurium 0.5–0.6 mg kg21 or rocuronium
0.6 mg kg21), laryngoscopy was performed with the
patient in the ‘sniffing’ position using a No. 3 or 4
Macintosh blade. The laryngeal view was graded
according to the Cormack and Lehane’s scale [19];
Grade I 5 vocal cords visible, Grade II 5 only pos-
terior commissure visible, Grade III 5 only epi-
glottis visible, Grade IV 5 none of the foregoing
visible. No external laryngeal pressure was applied
for grading of the laryngoscopic view. Difficult
laryngoscopy was defined as Grade III or IV.

In patients in whom measurements predicted
difficult intubation, mask ventilation was assessed
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after induction, and if satisfactory ventilation was
achieved, a short-acting neuromuscular-blocking
agent was administered (suxamethonium or miva-
curium) and laryngoscopy was performed. The
evoked response of the adductor pollicis muscle to
ulnar nerve stimulation at the wrist (TOF-Guards

acceleromyograph (TOF-Guard; Organon Teknika,
Oss, The Netherlands) was used to ensure adequate
muscle relaxation in all subjects. Initial intubation
attempts were performed by the same anaesthesia
resident in each centre with an experience of at
least 2 yr under the supervision of staff anaes-
thesiologist. For patient’s safety, only the intubating
anaesthetist was blinded for preoperative assessment
during the grading of the laryngoscopic view; the
staff anaesthesiologist who was responsible for
evaluating adequacy of mask ventilation and who
was administering the neuromuscular blocker, was
aware of the patient’s preoperative assessment. In
general, a 8.0 mm inner-diameter endotracheal tube
without a stylet was used for men and a 7.0 mm
inner-diameter tube for women. Intubation was
regarded as difficult when there was need for a stylet
in patients with a Cormack and Lehane score III or
IV, when three or more attempts were needed in
patients with Cormack and Lehane score III or IV or
when there was need for a stylet and three or more
attempts in patients with Cormack and Lehane
score III or IV. Intubation was considered as a failure
when the trachea could not be intubated after at
least three unsuccessful attempts, with the use of a
stylet, and by an experienced staff anaesthesiologist.

Statistical analysis

The reported incidence of difficult intubation is
1–4% in general [20]. Accordingly, the minimum
number of the study population that was needed to
detect a 4% frequency with a 1% deviation at an
a error of a 5 0.05 was calculated to be 1404.
Presuming that the study was multi-centred and
the data of some patients might be lost, we included
296 individuals more so that the study population
number was 1700.

Continuous variables were compared using inde-
pendent samples t-test. x2 test was used to compare
the frequency of categorical variables. P , 0.05 was
considered to be statistically significant.

Preoperative assessment data and intubation
findings were correlated to determine the accuracy
of the tests in predicting difficult intubation. The
cut-off points of thyromental, sternomental and
mouth opening distances were accepted as the first
value after two standard deviations. Each test,
alone and together with various combinations, was
evaluated calculating sensitivity (i.e. the proportion

of difficult tracheal intubations correctly predicted
to be difficult), specificity (the proportion of easy
tracheal intubations correctly predicted to be easy),
positive predictive value (the proportion of pre-
dicted difficult intubations which actually proved
to be difficult) and negative predictive value (the
proportion of predicted easy intubations which
actually proved to be easy) [21,22]. Statistical ana-
lysis was performed using the Statistical Program
for Social Science (SPSS) 13.00 package program.

Results

Twenty-six patients were excluded from the study
due to missing data and none of them had difficult
intubation. Thus, 1674 adults (680 men, 994
women) were studied. The distribution of con-
tinuous and non-continuous variables according to
difficulty of intubation is presented in Tables 1 and 2.
The means for age and BMI were 43.5 6 16 yr and
25.8 6 4.9 kg m22, respectively. The incidence of
difficult intubation was increasing with increasing
age and reduced neck mobility (P 5 0.01). Eighty
(4.8%) intubations were considered difficult
according to our criteria. There was no instance of
failed intubation.

Table 1. Patient characteristics of patients with difficult or easy
intubation.

Difficult intubation
(n 5 80)

Easy intubation
(n 5 1594)

Age (yr) 47.5 6 14.3* 43.3 6 16.1*

Weight (kg) 73.2 6 15.8 70.3 6 13.5
Height (cm) 165.0 6 8.5 165.34 6 8.4
BMI (kg m22) 27.2 6 6.7 25.7 6 4.8

Data are means 6 standard deviation. BMI: body mass index.
*P 5 0.01

Table 2. Variables of patients with difficult or easy intubation.

Difficult intubation
(n 5 80)

Easy intubation
(n 5 1594)

Gender
Male 44 636
Female 36 958

Tooth morphology
Normal 41 825
Missing 39 769

Neck mobility
Normal 76* 1571*

Reduced 4 23

Data are numbers of patients.
*P 5 0.01 between the two groups with respect to neck mobility.
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The incidence of difficult intubation was sig-
nificantly higher in patients who had a Mallampati
III or IV score, a lower average thyromental, ster-
nomental, and mouth opening distance, and man-
dibular protrusion grade B or C (P , 0.05) (Tables 3
and 4). The overall incidence of difficult mask
ventilation was 4.9%. However, in 41.3% of
those patients who had difficult intubation, mask
ventilate was also difficult (Table 4). Sensitivity,
specificity, and positive and negative predictive
values of each preoperative test alone and in various
combinations are shown in Table 5. Mouth opening
and Mallampati III–IV were found to be the most
sensitive measurements when used alone (43% and
35%, respectively). Combining Mallampati with
either thyromental, sternomental and mouth open-
ing distances or mandibular protrusion reduced
sensitivity but increased specificity and positive
predictive value. Combining mandibular protrusion
with thyromental or sternomental distances also

reduced sensitivity and increased specificity and
positive predictive value. Although not clinically
relevant, combination of at least three tests had the
highest sensitivity.

Discussion

Definition and incidence of difficult intubation vary
widely in the literature. Variability in the results of
previous studies might be due to the variability of
patient populations, tests, induction and intubation
protocols, and definitions of difficult intubation.
Cormack and Lehane grades III or IV are generally
regarded as ‘difficult’ [10,23–26]. The ASA Task
Force defined difficult endotracheal intubation as
occurring when ‘proper insertion of the tracheal
tube with conventional laryngoscopy requires more
than three attempts or more than 10 min’ [27].
Generally, endotracheal intubation is accepted as
easy when immediate visualization of the glottis can
be obtained and tube progression into the trachea
can be achieved without the use of any intubation
aid (rigid stylet, gum elastic bougie or hollow
intubator) [28,29]. Although Cormack and Lehane
grade II is accepted as an easy laryngoscopy, tube
progression into the trachea may not be achieved
without the use of any intubation aid. That is why
we also included Cormack and Lehane grade II
laryngoscopy for definition of difficult intubation.

We designed this study since Turkish patients
might somehow differ from those of other ethni-
cities because of different mixture of races. This is
the first clinical trial evaluating such large number
of patients and covering almost the entire country
with seven centres. Patients were evaluated by the
same factors such as stylet usage, number of
attempts, and Cormack and Lehane classification
and we found that the incidence of difficult intu-
bation was 4.8%. This was within the range
reported in the literature. There was no case of failed
intubation.

A previous study showed that about 1 in 7 (15%)
difficult intubations involved simultaneous diffi-
culties with facemask ventilation [30]. In our study,
the overall incidence of difficult mask ventilation
was 4.9% but increased to 41.3% in patients who
were difficult to intubate.

The incidence of difficult intubation increased
with age. An explanation for the age-factor may be
pre-existing illnesses, surgical factors or dental
patterns. A study employing acoustic reflection
measurements revealed that upper airway dimen-
sions decreased with age, male gender and supine
position [31].

Several preoperative bedside screening tests have
been described to predict difficult intubation. The

Table 3. Predictive tests with relation to the intubation
difficulty.

Difficult
intubation
(n 5 80)

Easy
intubation
(n 5 1594)

Mouth opening (mm) 47.3 6 12.7* 50.4 6 11.0*

Thyromental distance (mm) 72.8 6 15.9y 81.9 6 16.6y

Sternomental distance (mm) 145.1 6 27.5y 155.0 6 24.4y

Data are means 6 standard deviation.
*P 5 0.04.
yP 5 0.01.

Table 4. Predicting tests and mask ventilation with relation to
intubation difficulty.

Difficult
intubation
(n 5 80)

Easy
intubation
(n 5 1594)

Mallampati
I–II 52 1422
III–IV 28 172

Mandibular protrusion
A 55 1351
B 21 215
C 4 28

Mask ventilation
Easy 47 1406
Difficult 33 186

Data are numbers of patients. Mandibular protrusion A: the lower
incisors can be protruded anterior to the upper incisors; B: the
lower incisors can be brought edge-to-edge with the upper incisors
but not anterior to them; C: the lower incisors cannot be brought
edge to edge with the upper incisors. P 5 0.01 between the two
groups for all three tests.
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main objective of a test should be a high sensitivity
in the presence of high specificity. Each individual
test when used alone has been shown to have a
low sensitivity, a low positive predictive value and
a low-to-moderate specificity [10,11,24,32–34].
Difficult intubation is a rare but potentially life-
threatening event; through tests that predict such
cases, anaesthesia becomes safer. The low positive
predictive value of these tests will eventually cate-
gorize more patients to be at risk and will mandate
preoperative preparation. Wilson and colleagues [7],
found that the mean interincisor distance as 4.6 cm
in easy laryngoscopy and 3.8 cm in difficult
laryngoscopy (P , 0.05). However, Savva [11]
observed no correlation between the mean inter-
incisor distance and difficult laryngoscopy and
found the mean interincisor distance to be 3 cm. We
found a statistically significant difference between
easy and difficult intubation and the mean inter-
incisor distance.

Savva [11] found that the sternomental distance
was the most sensitive (82.4%) and the most spe-
cific (88.6%) test and they accepted 12.5 cm as a
threshold value. However, in Ramadhani and col-
leagues’ [10] study, there was a significant differ-
ence and the sternomental distance cut-off point
value was accepted as 13.5 cm. According to a study
by Patil and colleagues [9], the thyromental dis-
tance was accepted as normal if it was 6.5 cm or
more; when the distance was between 6 and 6.5 cm,
intubation was considered difficult, and when it was
less than 6 cm, it was assumed to be impossible.
Frerk [32] suggested that if the thyromental dis-

tance was less than 7 cm, there was a probability of
difficult intubation. We have found a statistical
significance between the mean test values and dif-
ficult or easy intubation.

Conflicting data have been reported about the
efficacy of combining two or more of these tests and
their ability to predict difficult intubation [24,32].
Since only one test is not enough for determining
difficult intubation, it was suggested that the most
correct results could be found using a combination of
tests [20]. Iohom and colleagues [29] suggest that
the Mallampati classification in conjunction with
thyromental and sternomental distances may be a
useful routine screening test for preoperative pre-
diction of difficult intubation. Frerk [32] found that
the most sensitive and the most specific combination
was with the Mallampati score and the thyromental
distance (sensitivity 81.2%, specificity 97.8%,
positive predictive value 29.4%). In our study
the most sensitive combination was with the
Mallampati score III or IV and mouth opening
(sensitivity 15%, specificity 96%, positive predictive
value 16%). Other studies had used multivariate,
meta- and other analyses to assess the difficult airway
[2,7,15,25,35]. A recent meta-analysis found the
combination of Mallampati score and thyromental
distance to be the most accurate predictor of difficult
intubation [15]. Naguib and colleagues [35] exam-
ined the performance of three multivariate clinical
models (Wilson, Arné and Naguib) to predict
unanticipated difficult intubation. They found that
the Naguib model was significantly more sensitive
than the Arné or Wilson models.

Table 5. Sensitivity, specificity and positive and negative predictive values of each risk factor in predicting difficult intubation.

Sensitivity Specificity

Positive
predictive
value

Negative
predictive
value

Mallampati III–IV 35 89 14 96
Mouth opening < 40 mmy [7] 43 78 10 96
Mouth opening < 28 mmyy 3 100 40 95
Thyromental distance < 60 mmy [15] 29 89 11 96
Thyromental distance < 48 mmyy 5 99 17 95
Sternomental distance < 135 mmy [10] 29 81 7 96
Sternomental distance < 105 mmyy 4 97 5 95
Mandibula protrusion C 5 98 13 95
Mandibula protrusion B1C 31 85 10 96
Mallampati III–IV 1 mouth opening < 40 mm 15 96 16 96
Mallampati III–IV 1 thyromental < 60 mm 13 98 23 96
Mallampati III–IV 1 sternomental < 135 mm 11 97 17 96
Mallampati III–IV 1 mandibula protrusion B 1 C 8 98 15 95
Thyromental < 60 mm 1 mandibula protrusion B 1 C 9 99 27 96
Sternomental < 135 mm 1 mandibula protrusion B 1 C 14 97 17 96

yReference value, yyStudy value. B: the lower incisors can be brought edge to edge with the upper incisors but not anterior to them. C: the
lower incisors cannot be brought edge to edge with the upper incisors. Numbers are in percentages.
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Surveys on airway management have been
conducted in various countries [28,36–45]. The
purposes of these surveys were to describe the
availability of difficult airway equipment, to eval-
uate the practices of anaesthetists in specific clinical
situations and their familiarity with the use of a
variety of airway devices and techniques for the
management of unanticipated difficult intubation.
All concluded that airway management could be
further improved by training inexperienced anaes-
thetists in the use of the intubating laryngeal mask
airway and by the increased use of portable difficult
airway trolleys.

In conclusion, we found in adult Turkish patients
an incidence of difficult intubation of 4.8%. The
risk increased with increasing age. For prediction of
difficult intubation, the most sensitive tests when
used alone were mouth opening and Mallampati
scores III and IV. Combination of tests did not
improve predictability to a clinically relevant
extent. Safe outcome of anaesthesia remains a major
objective. There is still no single test or a combi-
nation of tests that predicts difficult intubation
accurately.
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