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Aim. To determine the inter-observer reproducibility of 15 tests used for predicting difficult tracheal intubation (DI).
Material and methods. Following local ethics committee approval and informed consent, 101 volunteers were exam-

ined by two assessors using 15 tests for predicting DI. The two assessors who were blinded to the results of the other, 
examined each volunteer independently. Cohen’s kappa (κ) or first-order agreement coefficient (AC1) were used to 
measure agreement between assessor ratings on a qualitative scale. Agreement between two quantitative outcomes was 
described using the intraclass correlation coefficient (ICC) and Pearson’s (PCC) or Spearman’s (SCC) correlation 
coefficients. The following interpretation of the coefficients was used: poor (< 0.20), fair (0.21–0.40), satisfactory 
(0.41–0.60), good (0.61–0.80), and excellent (0.81–1.00).

Results. Respective coefficients of inter-rater agreement and correlation coefficients were determined for the fol-
lowing parameters: pathologies associated with DI (κ=0.662, AC1=0.990), clinical impression (κ=-0.013, AC1=0.969), 
modified Mallampati test (κ=0.503, AC1=0.861), upper lip bite test (κ=0.370, AC1=0.897), temporo-mandibular 
joint movement (κ=0.088, AC1=0.797), max. anteroflexion of C-spine (ICC=0.136, SCC=0.391), max. retroflexion of 
C-spine (ICC=0.020, SCC=0.284), mandibular length (ICC=0.301, SCC=0.553), neck circumference (ICC=0.832, 
SCC=0.928), hyo-mental distance (ICC=0.378, SCC=0.472), thyro-mental distance (ICC=–0.002, PCC=0.265), sterno-
mental distance (ICC=0.674, PCC=0.815), and finally, inter-incisor gap (ICC=0.695, PCC=0.785). Two tests (positive 
history of DI and retrogenia), were excluded from calculation because no positive cases were found. 

Conclusion. Best inter-rater agreement was found for the assessment of neck circumference while the highest dis-
crepancies between raters were in goniometrically-measured mobility of the C-spine.

Many of the pre-operative airway tests had only fair inter-observer reproducibility. This may be one reason why 
models for predicting difficult intubation are not universally reliable.

INTRODUCTION

Tracheal intubation is a mainstay of airway manage-
ment during general anesthesia and usually performed 
uneventfully. However, if the intubation appears to be dif-
ficult or impossible after induction of anesthesia, critical 
oxygen desaturation may occur. Unanticipated difficult 
intubation can be more dangerous than a predicted one 
when a potential airway problem is detected before an-
esthesia. 

There are many clinical tests for predicting diffi-
cult intubation (DI). Unfortunately, single tests, such 
as Mallampati classification, are not reliable enough to 
prospectively detect all cases of DI (ref.1-4). Combining 
several tests may be more effective and may improve the 

accuracy of the assessment. However, studies have demon-
strated conflicting results in the predictive value of mod-
els consisting of different test combinations5-7. A correct 
model must be both reliable in classifying patients’ airway 
and give the same results when performed by different 
assessors (reproducibility).

The aim of this study was to determine the inter-rater 
agreement between two assessors (medical students) us-
ing fifteen parameters for predicting difficult intubation.

MATERIALS AND METHODS

Following local ethics committee approval and in-
formed consent, 101 volunteers (medical students) were 
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Table 1. Parameters for predicting difficult intubation used in the study.

Parameter Methods Ranges and Units

Positive history of DI
Does the patient have a history of dif-
ficult intubation?

yes – no

Pathologies associated 
with DI

Does the patient have a condition com-
monly associated with difficult intuba-
tion?

specify (ankylosing spondylitis, 
acromegaly, etc.)

Clinical impression Hard to define – a feeling of a potential 
airways problem

yes – no

Mallampati classification as 
modified by Samsoon and 
Young (MMT, Modified 
Mallampati test) (ref. 16)

Head in neutral position, full mouth 
opening, protrusion of the tongue: 
pharyngeal view

1 =  the soft palate, fauces, uvula 
and pillars visible

2 =  the soft palate, fauces and base 
of uvula visible

3 =  the soft palate visible
4 =  the hard palate only visible

Upper lip bite test (ULBT) 
(ref.17–19)

Biting the upper lip with the lower inci-
sors

1 =  the incisors in front of the lip
2 =  the lip partly visible
3 =  the lip visible

Retrogenia 
(receding mandible)

A line drawn from the upper eye lid to 
the maxilla

 yes – the chin behind the line
 no – the chin in front of the line

Hyo-mental distance (HMD) Distance: the body of the hyoid bone 
– the mentum mm

TM joint movement Full mouth opening (IIG) + slux
1 = IIG > 50 mm + slux > 0
2 = IIG < 50 mm + slux > 0
3 = IIG < 50 mm + slux < 0

Maximal anteroflexion of the 
C-spine

• The goniometer head to the ear canal
• First arm in the long axis of the neck 

above the ear
•  Second arm to the nasal wing

degrees

Maximal retroflexion of the 
C-spine degrees

Mandibular length
Distance: outer angle – the middle 
of the chin (follow the shape of the 
mandible)

cm

Neck circumference
Measured at the level of the cricoid, 
perpendicular to the long axis of the 
neck

cm

Thyro-mental distance (TMD) Distance: superior thyroid notch – the 
lower edge of the middle of the chin mm

Sterno-mental distance 
(SMD)

Distance: jugulum – the lower edge of 
the middle of the chin mm

Inter-incisor gap (IIG) Full mouth opening, distance between 
the incisors (gums) mm

DI = difficult intubation, TM = temporo-mandibular, slux = subluxation (maximal forward protrusion of the lower incisors beyond the upper 
incisors)

examined (2–5/day) with 15 tests for predicting difficult 
intubation. In random order, each volunteer was examined 
in one session independently by two co-authors (O. J., 
T. V.) who were thoroughly instructed in carrying out the 
tests. Examinations performed by assessor O. J. created 
the O group while the group T included the correspond-
ing examinations done by T. V. The measurements were 
done under standardized conditions and each assessor 

was blinded to the results of the other. The airway assess-
ment consisted of fifteen parameters and measurements 
(see Table 1). 

The data were recorded into an Excel spreadsheet 
application (Microsoft Office 2007 SP2, Microsoft 
Corporation), and statistically analyzed (SPSS v. 15.0 
statistical software, SPSS Inc., Chicago, USA).
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Descriptive statistics was used to summarize the de-
mographic data of the volunteers and comparison of gen-
ders was done with a Mann-Whitney U test. A p-value less 
than 0.05 was considered significant. Agreement between 
assessors (percentage), Cohen’s kappa (κ), or first-order 
agreement coefficient (AC1) were used for comparison 
of qualitative parameters. The inter-rater agreement in 
measurement of quantitative parameters was analyzed 
with the intraclass correlation coefficient (ICC) with 
95% confidence intervals and Pearson’s or Spearman’s 
correlation coefficients. We used the following interpreta-
tion8 of the inter-rater agreement in the kappa values and 
correlation coefficients: poor (< 0.20), fair (0.21–0.40), 
satisfactory (0.41–0.60), good (0.61–0.80), and finally 
excellent (0.81–1.00). The distribution of inter-observer 
differences was tested with the Kolmogorov-Smirnov test. 
Data with normal distributions were compared using the 
paired Student’s t-test; the Wilcoxon signed-rank test was 
used for data that did not pass the normality test. Scatter 
plot and Bland-Altman plot9 were used to demonstrate 
the systematic bias for measurements between assessors.

RESULTS

A total of 101 volunteers were enrolled and they 
all successfully finished the study with no drop-outs. 
Thirty (29.7%) were males (median age 23 years, range 
20–26 years; median height 184 cm, range 173–190 cm; 
median weight 82 kg, range 66–100 kg; median BMI 
24.0 kg m-2, range 21.1–31.7 kg m-2) and 71 (70.3%) were 
females (median age 23 years, range 20–25 years; median 
height 168 cm, range 153–182 cm; median weight 61 kg, 
range 45–83 kg; median BMI 21.5 kg m-2, range 16.2–
30.5 kg m-2). There was no significant difference in age for 
the two genders (p=0.847). Compared to females, males 
were significantly taller (p<0.0001), heavier (p<0.0001) 
and had higher BMI (p<0.0001).

Two tests (positive history of DI and retrogenia), were 
excluded from calculation because no positive cases were 
found. The coefficients of the inter-rater agreements of 
the qualitative and quantitative tests are given in Tables 2 
and 3, respectively.

There was a systematic bias between assessors for 
measurements of all quantitative parameters (see Table 4, 
Fig. 1 and Fig. 2).

DISCUSSION

We demonstrated variable inter-observer reproduc-
ibility of tests for predicting DI. The best agreement 
between assessors was found for determining neck cir-
cumference; the worst results were obtained for the go-
niometric measurements (anteroflexion and retroflexion 
of cervical spine). Inter-observer reproducibility of a test 
depends upon factors related to both rater and person ex-
amined10. Rater components of errors include incorrect/
inconsistent measurement technique that may be due to 
insufficient instructions and/or inaccurate methodology. 

Fig. 1.  Scatter plot of assessor’s T measurements of neck 
circumference against the paired measurements 
of assessor O. Bias is present, the measurements 
of assessor T were systematically lower than the 
measurements of assessor O. 

Fig. 2. Bland-Altman plot of differences between asses-
sors in paired measurements of neck circumfer-
ence against mean neck circumference, in 101 
volunteers.

Each test must be described as simply as possible but 
the accuracy of the measurement procedure has to be 
maintained. To reduce this potential source of error, we 
used both written description of all measurements and 
practical training of the assessors before the start of the 
study. However, it is doubtful whether these steps were 



278 M. Adamus, O, Jor, T. Vavreckova, L. Hrabalek, J. Zapletalova, T. Gabrhelik, H. Tomaskova, V. Janout

Table 2. Inter-observer agreement – qualitative parameters.

Parameter
Inter-observer
agreement (%)

Cohen’s kappa ± SE
Strength of 
agreement 

(based on kappa)
AC1

Strength of 
agreement
(based on 

AC1)

Pathologies associ-
ated with DI

99 0.662 ± 0.316 good 0.990 excellent

Clinical impression 97 -0.013 ± 0.009 poor 0.969 excellent

MMT (I, II, III, IV) 68 0.452 ± 0.073 satisfactory n/A n/A

MMT (I+II, III+IV) 89 0.503 ± 0.127 satisfactory 0.861 excellent

ULBT (I, II, III) 68 0.443 ± 0.079 satisfactory n/A n/A

ULBT (I+II, III) 91 0.370 ± 0.156 fair 0.897 excellent

TM joint movement 
(I, II, III)

64 0.390 ± 0.067 fair n/A n/A

TM joint movement 
(I+II, III)

83 0.088 ± 0.083 poor 0.797 good

SE = standard error, AC1 = first-order agreement coefficient14,15, n/A = not applicable
DI = difficult intubation, MMT = Modified Mallampati test16, ULBT = Upper lip bite test17–19, TM = temporo-mandibular
Inter-observer agreement8: poor (< 0.20), fair (0.21–0.40), satisfactory (0.41–0.60), good (0.61–0.80), excellent (0.81–1.00)

Table 3. Inter-observer agreement – quantitative parameters.

Parameter ICC 95%CI
Strength 

of agreement
(based on ICC)

Correl. 
coef.

Strength of agreement
(based on correl. coef.)

Maximal anteroflexion 
of the C-spine

0.136 -0.060–0.322 poor 0.391a fair

Maximal retroflexion 
of the C-spine

0.020 -0.175–0.213 poor 0.284a fair

Max. anteroflexion 
+ retroflexion of the 
C-spine

-0.109 -0.297–0.087 poor 0.313a fair

Mandibular length 0.301 0.113–0.468 fair 0.553a satisfactory

Neck circumference 0.832 0.761–0.884 excellent 0.928a excellent

HMD 0.378 0.198–0.533 fair 0.472a satisfactory

TMD -0.002 -0.196–0.192 poor 0.265b fair

SMD 0.674 0.553–0.768 good 0.815b excellent

IIG 0.695 0.579–0.784 good 0.785b good

ICC = Intraclass correlation coefficient, 95%CI = Confidence interval 95%, a Spearman’s correlation coefficient, b Pearson’s correlation coefficient
HMD = Hyo-mental distance, TMD = Thyro-mental distance, SMD = Sterno-mental distance, IIG = Inter-incisor gap
Inter-observer agreement8: poor (< 0.20), fair (0.21–0.40), satisfactory (0.41–0.60), good (0.61–0.80), excellent (0.81–1.00).
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Table 4. Systematic deviation (bias) in the measurements of quantitative parameters. Minimum, maximum, mean, 
and percentiles of differences between assessors.

Parameter [difference between 
assessors O and T]

mean range

percentiles

25 
(lower quartile)

50 
(median)

75 
(upper quartile)

dif Max. anteroflexion of the 
C-spine (degrees) [O-T]

-8.2 -34.0–35.0 -15.0 -8.0 -1.0

dif Max. retroflexion of the 
C-spine (degrees) [O-T]

-10.1 -35.0–14.0 -17.0 -9.0 -2.5

dif Max. anteroflexion+Max. 
retroflexion (degrees) [O-T]

-18.2 -51.0–35.0 -27.5 -19.0 -7.5

dif Mandibular length (cm) [O-T] 0.7 -1.3–2.5 0.1 0.5 1.1

dif Neck circumference (cm) 
[O-T]

1.8 -1.5–7.5 1.3 2.0 2.3

dif HMD (mm) [O-T] -4.3 -25.0–21.0 -10.0 -3.0 0

dif TMD (mm) [O-T] -13.6 -55.0–38.0 -22.0 -13.0 -7.0

dif SMD (mm) [O-T] -10.6 -77.0–30.0 -15.0 -10.0 -5.0

dif IIG (mm) [O-T] -3.5 -19.0–7.0 -5.0 -3.0 -0.5

O = assessor O, T = assessor T
HMD = Hyo-mental distance, TMD = Thyro-mental distance, SMD = Sterno-mental distance, IIG = Inter-incisor gap

sufficient because the inter-rater bias in the measurements 
of quantitative parameters was substantial. Factors related 
to the examined volunteer may be based on misunder-
standing or not following the instructions appropriately. 
When necessary, the required maneuvers were clearly 
described several times and demonstrated repeatedly11. 

This study is relevant not only to pre-anesthetic airway 
assessment and predicting DI. The results present a sta-
tistical challenge, too.

The Cohen’s kappa coefficient (κ) is a statistical meas-
ure of inter-rater agreement for qualitative (categorical) 
items12,13. Kappa-values range from -1.0 to 1.0. Negative 
values occur when agreement is weaker than expected 
by chance. When we get κ=0, the agreement is the same 
as would be expected by chance, κ=1.0 indicates perfect 
agreement above chance. However, in our study, the high 
percentage agreement between assessors for some param-
eters did not correspond to low κ-values (see Table 2). For 
these parameters, first-order agreement coefficient (AC1) 
was calculated as an alternative to the κ coefficient. Some 
authors believe that the AC1 value reflects the inter-rater 
agreement more realistically than the Cohen’s kappa co-
efficient14,15. The limitation of the AC1 is that it can be 
used for contingency tables 2 × 2 only. When a qualita-
tive parameter has more than two values, either another 
agreement coefficient (AC2) has to be used or some 
groups have to be merged for AC1 calculations. In our 
study, MMT (Modified Mallampati test) (ref.16), ULBT 
(Upper lip bite test)17-19 and Temporo-mandibular (TM) 

joint movement were the relevant parameters suitable for 
merging groups.

In three volunteers, clinical impression of potential 
DI was positive (one in the O group, two in the T group). 
This parameter had poor inter-observer correlation when 
measured with Cohen’s kappa coefficient (-0.013), but 
excellent if AC1 was used (0.969). Very low incidence of 
positive cases is a limitation of these results.

No volunteer declared a positive history of DI. This 
could be for two reasons. Either the volunteer had had no 
anesthesia or the intubation for his/her previous anesthe-
sia was not difficult. As we were unable to distinguish 
between these two groups and the incidence of positive 
anamnesis of DI was zero, this parameter was excluded 
from statistical analysis. The same applied to retrogenia: 
there was no positive case in the groups.

Pathologies associated with DI were detected only in 
two volunteers. The agreement between the assessors was 
as high as 99%. Based on the Cohen’s kappa coefficient, 
good agreement was detected (κ=0.662). When AC1 was 
used, the strength agreement was graded as excellent 
(AC1=0.99). These results show the advantage of AC1 
over Cohen’s kappa coefficient. As we intuitively feel, 
when the examinations of the assessors were identical in 
99% cases, the degree of agreement should be described 
as excellent. On the other hand, one must take into con-
sideration the low incidence of pathologies determined 
and probably not present in the study group. 
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Four Grades (I, II, III, IV) in the MMT (Modified 
Mallampati test) (ref.1-4,16) were merged into two – (I + II) 
and (III + IV). This is reasonable because Grades I and 
II are considered an unrestricted pharyngeal view while 
Grades III and IV indicate a limited view3,16. 89% vol-
unteers were assigned the same MMT Grade by both 
assessors, the Cohen’s kappa coefficient was 0.503 (sat-
isfactory), and AC1 was 0.861 (excellent). In a previous 
study, we demonstrated that the MMT, when performed 
alone, was not a reliable predictor of DI. This limitation 
of MMT may partially be due to inconsistent assessments 
by the observers.

For the ULBT (ref.17-19), there was agreement be-
tween the assessors in 91% cases (κ=0.370, AC1=0.897). 
Similarly, in the parameter TM joint movement, the 
inter-observer agreement was in 83% cases (κ=0.088, 
AC1=0.797).

The inter-rater agreement for quantitative measure-
ments was assessed with ICC and correlation coefficients 
(based on data distribution, Pearson’s or Spearman’s coef-
ficient were used). Generally, strength of agreement based 
on ICC was more conservative (giving “worse” results) 
than the strength judged by Pearson’s or Spearman’s cor-
relation coefficients. Best agreement between the asses-
sors was in the measurement of neck circumference (both 
ICC and Spearman’s correlation coefficient described 
it as excellent). One can only speculate that the best de-
gree of agreement was due to a relative simplicity and 
well-defined and unambiguous measurement method for 
the neck circumference. In contrast, the lowest level of 
agreement was in the measurement of neck movements. 
Maximal anteroflexion and retroflexion were examined 
with a goniometer. Despite thorough pre-study instruc-
tions, at the end of the study, both assessors felt and ex-
pressed uncertainty about the accuracy of the method. 
The assessment of neck mobility is more complex and 
relies on correct identification of anatomical landmarks 
and patient co-operation8. The most important difficul-
ty was in determination of neutral head position from 
which both maximal anteroflexion and retroflexion were 
measured. This is a serious limitation of the goniometric 
measurements used.

The range of the ICC coefficient and Pearson’s or 
Spearman’s correlation coefficients lies between -1 and 
+1. All coefficients describe the relationship between the 
paired measurements made by two assessors; the correla-
tion coefficients provide no information about systematic 
deviation (bias). Bias means that one assessor consistently 
measures or classifies the given parameter differently from 
the second one. The Pearson’s or Spearman’s correlation 
coefficients can be very high even in the presence of a 
high inter-observer bias.

Wilcoxon signed-rank test and paired Student’s t-test, 
respectively, showed a significant bias in the measure-
ments of all quantitative parameters between the assessors 
(p<0.001). The medians of differences (O - T) and upper 
quartiles for anteroflexion, retroflexion, anteroflexion + 
retroflexion, HMD, TMD, SMD and IIG were negative 
(see Table 4). This indicates that the measurements of 
these parameters performed by the assessor T were sys-

tematically higher than the measurements done by the 
assessor O (measurements of T were positively biased). 
In contrast, the medians of differences (O - T) and lower 
quartiles were positive for the neck circumference and 
mandibular length (see Table 4), in other words, that the 
measurements of observer T were lower than those of 
assessor O (measurements of T were negatively biased). 

Systematic deviation can be demonstrated graphi-
cally on a simple scatter or a Bland-Altman plot. Fig. 1 
and Fig. 2 show an example of these plots for one of the 
quantitative parameters (neck circumference) when bias 
was present.

Fifteen years ago, Karkouti et al. (ref.11) studied the 
inter-observer reproducibility between two experienced 
residents in ten tests for predicting DI (IIG, subluxation 
of the mandible, TMD, length of mandibular ramus, ret-
rogenia, chin protrusion, atlanto-occipital movement and 
score, Mallampati test and MMT). Two tests – mouth 
opening (ICC=0.93) and chin protrusion (ICC=0.89) 
– had excellent inter-observer reproducibility. Classical 
Mallampati test had poor reproducibility (κ=0.31) and 
the remaining seven tests were moderately reproducible. 
Due to the different tests used for assessing inter-observer 
agreement, our results cannot be directly compared to the 
Karkouti et al.11 study. However, when the four Grades 
of MMT (I, II, III and IV) were merged into two (I + II 
and III + IV), the kappa was comparable in both studies 
(Karkouti et al.11 κ=0.49, our results κ=0.503).

Thyro-mental distance (Patil-Aldreti test20,21) is credit-
ed as a valuable tool in predicting DI. Unfortunately, data 
describing its reproducibility are contradictory. Hilditch 
et al.10 found excellent agreement between a nurse and 
anesthesiologist in the measurement of TMD (ICC=0.85). 
We found poor to fair agreement depending on the coef-
ficient used (ICC= -0.002, Pearson’s correlation coeffi-
cient = 0.265). This is comparable to Merino García et 
al.22 (κ<0.21) and Rosenstock et al.8 (Spearman’s correla-
tion coefficient for specialists = 0.41 and residents = 0.48, 
respectively). In the same study, the inter-rater agreement 
for TMD was even worse in DI cases (Spearman’s cor-
relation coefficient for specialists = 0.23 and for resi-
dents = 0.21, respectively). 

Our study has limitations. Two medical students at 
the end of their undergraduate period performed all 
assessments. They were given written instructions and 
underwent practical training in how to carry out the 
tests. However, they had only a short previous practice 
in anesthesia and airway management in the operating 
room. Although previous studies have shown generally 
variable agreement and inconsistency between assessors 
irrespective of their qualification (two specialists8, two res-
idents8,11, specialist vs. resident22, anesthetist vs. nurse10), 
the assessor’s level of expertise may also influence the 
accuracy8.

The only goal of the study was to compare the agree-
ment of paired measurements of two assessors and not to 
determine the ability of the tests to predict DI. Young and 
healthy volunteers were enrolled and their participation 
in the study ended with completion of the measurements. 
They did not have subsequent anesthesia and hence the 
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ease of tracheal intubation could not be determined. For 
this reason, in spite of inter-observer bias in most param-
eters, we were not able to distinguish which measurement, 
if any, reflected the reality.

To be useful in clinical settings, a model for predicting 
DI should be simple and feasible, with high accuracy, sen-
sitivity and positive predictive value to identify all patients 
in whom intubation will be difficult5. These criteria can 
only be met when the input data are correct and consist-
ent. If not, the construction of a model predicting DI 
may become rather a mathematic entertainment for the 
particular rater than a valuable clinical tool.

CONCLUSION

Although performed under standardized conditions, 
not all tests for predicting DI achieved acceptable inter-
observer reproducibility in our study. Best agreement was 
demonstrated for the assessment of neck circumference 
while the highest discrepancies between raters were in 
goniometrically-measured mobility of the C-spine (max. 
anteroflexion and retroflexion). The high inter-observer 
variability of examinations may be one reason why the 
models for predicting DI are not reliable in all cases.
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