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SUMMARY 

 

Correlation of preoperative objective measures on the level of difficulty of laryngeal 
exposure during direct laryngoscopy 

by 

Anselm B. C. Rommel 

Research aim.  

The aim of this study is to analyze a correlation of preoperative objective measures on the level 

of difficulty of laryngeal exposure during direct laryngoscopy. 

Objectives. 

Evaluation of 50 patients, with 17 female and 33 male patients, who are hospitalized in the 

otorhinolaryngology department of Kaunas Clinics and treated for any laryngeal pathology. 

Methodology.  

We evaluated 50 patients before direct microlaryngoscopy for any laryngeal pathology by a 

standardized preoperative assessment protocol that included 4 parameters: upper jaw dental 

status, degree of neck flexion-extension, Mallampatie’s modified score and body mass index. 

Each parameter was assessed to obtain a total score. Patients were divided into two groups 

according to their intraoperative findings. The anterior commissure visibility was scored with 0 

points if it was visible without external counter pressure, 1 point if visible with external counter 

pressure and 2 points of not visible even with external counter pressure. The visibility of vocal 

cords was scored with 0 points if completely visible and 1 point if only the posterior 1/3 was visible. 

This results in a total amount of 0-3 points.  

Results.   

The intraoperative groups scoring 0-1 point were considered to have good laryngeal exposure 

(GLE) and presented with a preoperative median of <3. This value was chosen to be the defining 
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cutoff to discriminate good versus difficult laryngeal exposure (DLE). When the mini predictive 

score was <3 GLE was found in 91%, whereas when >3, DLE was found in 40%. At univariate 

spearman analysis the upper jaw dental status and degree of neck flexion-extension statistically 

correlated with DLE (p<0.05). The sensitivity is 66%, specificity is 80%, the positive predictive 

value is 42% and negative predictive value 90% 

Conclusion.   

The mini predictive score is sufficient to correctly predict GLE patients and raise an awareness in 

case of a DLE. The surgeon can easily use the mini predictive score during the pre-surgical 

setting.  Upper jaw dental status and degree of neck flexion-extension are easy to be assessed 

and should always be checked before a laryngeal operation. 

Recommendations. 

Further analysis regarding the correlation among the preoperative parameters should be done in 

order to exclude the obsolete ones and to focus on the true predictive ones. 
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ABBREVIATIONS  

TERMS 

 

GLE - GOOD LARYNGEAL EXPOSURE 

DLE - DIFFICULT LARYNGEAL EXPOSURE 

BMI - BODY MASS INDEX 

MMS - MODIFIED MALLAMPATIE SCORE 

UJDS - UPPER JAW DENTAL STATUS 

NFE - DEGREE OF NECK FLEXION-EXTENSION 

SEN - SENSITIVITY 

SPE - SPECIFICITY 

NPV - NEGATIVE PREDICTIVE VALUE 

PPV - POSITIVE PREDICTIVE VALUE 
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INTRODUCTION 

 

The visualization of the larynx and its particular landmarks play a vital role in the treatment of 

laryngeal pathologies. Since the common surgical approach for microlaryngoscopic surgery is 

transorally only an assumption about laryngeal exposure and visibility can be made before an 

intervention. On the foundation of the research of anesthesiologists el-Ganzouri et al. (1), in which 

they analyzed and discussed possible predictive factors for difficult endotracheal intubation in 

order to reduce complications and possible life threatening situations, Piazza et al. (2) introduced 

the “Laryngoscore” in 2014. It was the attempt to implement a universally applicable and easily 

repeatable preoperative assessment for the prediction of good or difficult intraoperative laryngeal 

exposure. This prediction allows surgeons to plan the surgery accordingly, choose the correct 

approach or come up with alternative treatment options to avoid perilous situations.  

The research about the preoperative assessment for endotracheal region has been discussed 

thoroughly but only in regard for an anesthesiologist focusing on endotracheal intubation and 

management of airway by Cormack-Lehane (3). However, an otolaryngologist requires a more 

substantial and capacious view of the glottic plane, anterior commissure and vocal cords in order 

to diagnose and treat the patient correctly and to avoid possible complications such as 

misdiagnoses or remaining residuals after incomplete resections. (4, 5) Thus a well-planned 

surgery is essential for its success. However, if a patient presents intraoperatively with an impeded 

exposure of the laryngeal area, several measures can be done to enhance the view. (6) The 

easiest and most important is the application of external counter pressure on the larynx during 

operations, in pursuance of shifting the anterior commissure for a better visualization. Already in 

the 20th century the influence of external laryngeal counter pressure was described by Zeitels et 

al. (7) as supportive for an unconcealed exposure of the larynx and a dramatic improvement for 

difficult settings.  

Despite being able to warn about difficult surgical settings with the aforementioned 

“Laryngoscore”, the complications arising from a false prediction for a surgery anticipating the 

patient will present with a favorable view of the laryngeal anatomy might result in severe 
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consequences for everyone involved in the surgery (8). Also, as pointed out by Incandale et al. 

(9), the amount of parameters analyzed in the “Laryngoscore” although quickly obtainable still 

require a certain amount of time in each setting, which if reduced to less questions could result in 

a time preserving situation. Additionally, some evaluations are too subjective to represent an 

objective preoperative assessment e.g. prognathism or macroglossia. They developed the “mini-

Laryngoscore” including only parameters which they found to be statistically relevant. In this study, 

we conduct a mini predictive score as well, but with other parameters because they are easy and 

fast to determine. The parameters our study will include and analyze are the upper jaw dental 

status, degree of neck flexion-extension, BMI and Mallampatie’s modified score. The aim of the 

research is to identify a correlation of those certain preoperative objective parameters on the level 

of difficulty of laryngeal exposure by comparing with the intraoperative results during direct 

laryngoscopy.  

Therefore, we asked the following research question: 

- Is the amount of preoperative parameters sufficient enough in order to predict the level of 

difficulty during the laryngoscopy. 

- Is there a correlation of preoperative objective parameters and level of difficulty of 

intraoperative laryngeal exposure. 
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AIM AND OBJECTIVES  

 

The aim of this research: 

Analysis of the influence of preoperative objective measures on the level of difficulty of laryngeal 

exposure during direct laryngoscopy 

 

Objectives: 

Evaluation of 50 patients, with 17 female and 33 male patients, who are hospitalized in the 

department of otorhinolaryngology and treated for any laryngeal pathology
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RESEARCH METHODOLOGY AND METHODS 

 

The prospective observational study conducted in the otorhinolaryngology department of Kaunas 

Clinics, Lithuania from January 2019 to January 2020 for a period of one year. The study included 

50 patients. After obtaining approval from the ethics committee with the number BEC-MF-177 in 

December 2018 we evaluated 50 (N=50) patients admitted for any laryngeal pathology undergoing 

surgery via direct microlaryngoscopy. The study group of 50 patients included 17 females and 33 

males, with an average age of 52 years (21-76 years). The assessment of intraoperative and 

preoperative parameters was done with an altered version of the “Laryngoscore” by Piazza et al. 

(2), but the same method of measurement was applied in order to obtain comparable results. For 

the operation using direct microlaryngoscopy, the patients were intubated with an endotracheal 

tube 5.0 or 6.0 mm in internal diameter under general anesthesia. 

 

ASSESSMENT OF PREOPERATIVE PARAMETERS 

We chose the parameters because they are easy and fast to determine. We obtained them within 

one minute during a personal setting with the patient and the results were recorded on the survey. 

Included in this survey are four preoperative parameters: 1. Upper jaw dental status, 2. Degree of 

neck flexion-extension, 3. Mallampatie’s modified score, 4. BMI. The scoring system was based 

on the objective findings in each individual listed below and done as follows:  

The upper jaw dental status scored 0 points if the patient was edentulous, 1 point if partially 

edentulous, 2 points for a patient with normal teeth and 3 points if prominent superior teeth were 

present.  

The degree of neck flexion-extension was defined at 90° and measured with a goniometer. 

Flexion-extension of the neck for more than 90° was scored with 0 points, inability with 1 point. 

The points for Mallampatie`s modified score (MMS) were given according to its stages. 0 points 

for MMS I, 1 point for MMS II, 2 points for MMS III and 3 points for MMS IV. 
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The body mass index (BMI) was scored 0 if BMI < 25 kg/m2 and 1 if BMI > 25 kg/m2. 

All points scored were added up for each individual and resulted in an overall predictive score of 

0-8 points. The score of each variable is ascending in assumption that the more points a patient 

gets, the more he or she is likely to present as DLE.  

 

ASSESSMENT OF INTRAOPERATIVE PARAMETERS 

The parameters for assessment of intraoperative exposure were 1. Anterior commissure visibility 

and 2. visibility of vocal cords. These objective measurements were assessed by the operating 

surgeon and recorded on the same survey as well. The anterior commissure visibility was scored 

with 0 points if it was visible without external counter pressure, 1 point if visible with external 

counter pressure and 2 points of not visible even with external counter pressure. The visibility of 

vocal cords was scored with 0 points if completely visible and 1 point if only the posterior third was 

visible. This results in a total amount of 3 points, while the points 0 and 1 represent GLE and points 

2 and 3 represent DLE. 

 

DATA ANALYSIS: 

For the Data analysis this leaves us with two scores that comprise of the pre- and intra-operational 

information of the data set. Age and gender will not be included in the score, but may find use in 

the later conducted multivariate analysis. For the analysis concerning GLE/DLE prediction, we 

added up all points scored from the four preoperative parameters per individual in order to create 

a mini preoperative laryngoscore. After the summation of the two intraoperative parameters we 

had four groups A= 0, B= 1, C= 2, D= 3. The mini preoperative laryngoscore for each patient was 

then compared to their intraoperative results. The intraoperative score was divided into the groups 

good laryngeal exposure including groups A= 0, B= 1 and into difficult laryngeal exposure including 

groups C= 2, D= 3. We then calculated the median mini predictive score for each group.  
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Two median cut-off calculations were done. Firstly, the median of both preoperative parameters 

for the groups GLE and DLE was decided to be the cut-off for differentiation of GLE vs. DLE, 

excluding ambiguous levels of the score. Secondly, the median of preoperative parameters for the 

group GLE was decided to be the cut-off for differentiation of GLE vs. DLE. The calculation with 

the median was chosen to avoid the possible influence of outliners. We also calculated the 

sensitivity and specificity as well as the positive and negative predictive value for the secondly 

performed analysis. 

We analyzed the univariate correlations using the spearmen coefficient test, which can only show 

correlation not really causality. Bearing that in mind, we analyzed the correlation of each 

parameter upper jaw dental status, neck flexion-extension, MMS and BMI on its own with the 

patients GLE/DLE status. 

Latterly the analysis of the multivariate regression will enable us to see the regression of the 

intraoperative score on the predictive score with integration of some control variables to check if 

age and gender influence our results. Lastly we touched the question of the univariate correlation 

of the mini predictive score components to each other.  
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RESULTS 

 

The entire study group included 50 patients treated for any laryngeal disease with direct 

laryngoscopy, having a mean age of 52 years (range 21-76). 

The preoperative assessed predictive score of maximum 8 points was calculated. The most 

patients got 2 or 3 points. The range in total was from 0-6 points (table 1). 

 

Table 1.  Patients according  
to their mini predictive score results 
  
Mini predictive score Patients 

0 3 
1 7 
2 12 
3 11 
4 5 
5 7 
6 5 

Total 50 
 

After the summation of the two intraoperative parameters we had four groups with the scores A = 

0, B = 1, C = 2, D = 3 with the amount of patients in each group. Then we included all patients 

with their respective intraoperative results and the calculated median of each preoperative 

assessment. In Group A were 27 patients with 0 points (median score 2 range 0-5), in group B 

were 14 patients with 1 point (median score 3, range 1-6), in group C were 4 patients with 2 points 

(median score 4, range 2-6) and in group D were 5 patients with 3 points (median score 6, range 

2-6) (Table 2). 

As visible in table 1, the mini predictive score results are normally distributed with a slight tendency 

towards the higher score. In table 2 we can see that the intraoperative scores tend to mount up in 

Table 2. The intraoperative score 
with the patient representation and 
the respective mini predictive score 
median  
   
Intraoperative 
Score Patients Median 

0 27 2 
1 14 3 
2 4 4 
3 5 6 

Total 50   
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the scores 0 and 1 while the scores 2 and 3 are less represented. This may yield some problems 

for the later conducted analysis as we have only a scarce amount of cases in the higher 

intraoperative score which represent DLE cases. The subdivision of the four groups into GLE/DLE 

with each preoperative median, resulted in: 

Intraoperative score 0 and one with 41 patients presented as GLE with a median of 3. 

Intraoperative score 2 and 3 with 9 patients presented as DLE with a median of 5.  

 

Table 3. Age and gender distribution of 
patients regarding GLE and DLE 
   
 GLE or DLE 

 GLE DLE 
Age Group   

20 - 29 5 1 
30 - 39 3 0 
40 - 49 5 1 
50 - 59 14 5 
60 - 69 11 1 
70 - 79 3 1 
Gender   
female 14 3 
male 27 6 

Total 41 9 
 

As visible in table 3 most patients belong to the group of 50-59 years’ old and disproportionally 

many present as DLE, raising the question if age does have an influence on DLE cases. In regard 

to the gender distribution, a total of more men are in the study but the proportion of GLE and DLE 

cases among both gender is similar. This could apply to a sample from the general population that 

coincide in age and gender. As visible in graphic 1 the patients are not equally distributed in the 

number of males compared to females neither are the different age groups distributed as they 

would be in a true random sample that represents the overall population. Therefore, to exclude 

the possibility that age or gender may really influence the findings of this study we control for both 

Graphic 1. Age and gender distribution  
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in a multivariate regression analysis. This will show us if the significant correlations of our scores 

are resulting from random correlations of age or gender with the intraoperative score and not with 

the mini predictive score we have devised. This will not allow for representative statements 

regarding the overall population, but it excludes the possibility of a significant possible source of 

errors and fallacies. 

Median cut-off analysis 1 

For the median cut-off analysis, we wanted to see if the split-off according to the median of the 

predictive score for the two groups GLE and DLE leads to a sufficient segregation of the individuals 

in our sample. We therefore assume that individuals with a predictive score of smaller or equal to 

three (<=3) belong to GLE. That prediction was correct in 91% and wrong in 9% of cases. 

 With n=33, we see that 91% of the cases in this group, the median cut off leads to the right 

assignment of GLE. For prediction of DLE (n=9), we assume that individuals with a predictive 

score of greater or equal to five (>=5) belong to this group. That prediction was correct in 42%, 

wrong in 58% of cases. With n=12, we see that in this group even more individuals present with a 

GLE than a DLE. Despite more of the individuals belonging to GLE, which per se is good since a 

good laryngeal exposure is desired, in the prediction of DLE cases this median cutoff strategy is 

not viable. We also see that we lose 5 individuals (score = 4) that are not included, as the median 

cut off strategy we chose, drops these ambiguous cases. This is an additional weak point of this 

strategy. (Results of first study presented in table 4). On account of those weaknesses we 

conducted the median cut-off analysis 2 

 

 

 

 

 

Table 4.  Median cut-off analysis according to the median of 

the mini predictive score for the two groups GLE and DLE. 

Cut off score 

           

GLE 

            

DLE total 

<=3 for GLE pred. 91% 9% 33 

>=5 for DLE pred. 58% 42% 12 
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Median cut-off analysis 2 

After deciding that the exclusion of ambiguous patients is failing the purpose of a prediction for 

every patient, we chose to use the median cut off strategy as done by Piazza et al. (2014). 

They used the median value of the mini predictive score from group A and B which presents as 

GLE, as their cut off point for GLE / DLE. In their experiment they have more groups and therefore 

a different cut off but I replicated the method as precise as possible. In our study, the median value 

for group GLE is 3, thus the first calculation will lead to the same outcome in the group <=3. (see 

<=3 for GLE pred. in table 4).  

In the second calculation, if the median is set >3 however, the previous individuals considered 

“ambiguous” will now be included. We assume that individuals with a score of >3 will belong to 

DLE. That prediction was correct in 36% and wrong in 64% of cases. The results are visualized in 

table 5.  

With N=17 we see that the inclusion of “ambiguous” individuals does not change the quality of the 

prediction for GLE cases but even worsens the prediction for DLE cases. Despite uncertain result 

concerning the predictive value for DLE, our results are quite similar in their magnitudes to the 

one found by Piazza et. al in 2014 (2). 

 

 

 

 

  

 

Table 5.  Median cut-off analysis according to the median of 

the mini predictive score for the group GLE. 

Cut off score GLE 

             

DLE total 

<=3 for GLE pred. 91% 9% 33 

>3 for DLE pred. 65% 35% 17 
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Graphic 2. Total distribution of DLE/GLE cases with their respective intraoperative result 

 

Sensitivity and specificity calculation 

The sensitivity is 66%, specificity is 72%, the positive predictive value is 35% and negative 

predictive value 90%. Sensitivity shows that 66% of DLE patients get identified by the test. 

Specificity shows that 72% of GLE patients get identified by the test. PPV shows how many 

patients in whom DLE was predicted actually turned out as DLE. NPV shows how many patients 

in whom GLE was predicted actually turned out as GLE. Sensitivity: For 66% when DLE is 

predicted it is DLE. Specificity: For 72% when GLE is predicted it is GLE. NPV: For 35% when 

DLE was predicted, turns out DLE. PPV: For 90% when GLE was predicted, turns out GLE. (table 

6) 
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Univariate analysis 

In the next step we conducted the spearmen test for the components of the mini predictive score 

to see if the components have a significant correlation with DLE and which of them has the highest, 

visualized in table 7, Keeping in mind that it shows correlation and not causality for the significant 

ones.  

We can see that for a significance level of 95%, dental (p=0,018) and neck flexion (p=0,022) are 

significantly correlated with DLE. Whereas the Mallampatie’s modified score (p=0.599) and BMI 

(p=0,224) show no significant correlation with DLE.  

 

Table 7. The coefficients and significance levels of the univariate spearmen analysis 

DLE Dental status Neck flexion-

extension 

MMS BMI 

P values 0,018 0,022 0,599 0,224 

 

 

 

Table 6. DLE positive and negative predictions 

 Intraoperative finding 

Test result  DLE GLE 

positive (DLE) 6 11 

negative (DLE) 3 30 
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Multivariate regression analysis 

The regression of the intraoperative score on the predictive score shows that there is a significant 

correlation (p=0,001) under the control that age and gender do not have an influence on it. We 

found a positive highly significant correlation between the mini predictive score and DLE. The 

coefficient itself cannot be interpreted in its magnitude without further analysis. This can be 

illuminated in further studies. Gender and age have no significant correlation on DLE. However, 

the control was important because our sample is not composed according to the population 

composition of Lithuania. The analysis could be done for all 50 individuals because there were no 

previous failures. (table 8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8. Multivariate logistic regression on DLE 

DLE Coefficient p-Values 

Laryngoscore 0,693 0.010 

Gender -0,069 0.935 

Age -0,057 0.856 

N 50   
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Univariate correlation of the mini predictive score components 

In order to have a glance at the possibility of single components having the same explanatory 

power, which could render their integration into the mini predictive score redundant, we therefore 

performed a univariate correlation analysis of the individual components to one another (table 9). 

 

 Table 9. Univariate Correlation of the mini predictive score Components 

 Dental Status NFE MMS BMI 

Dental Status 1       

NFE 0.012 1     

MMS 0 0.32 1   

BMI 0.04 0.15 0.17 1 

NFE is neck flexion extension.  
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DISCUSSION ON RESULTS 

 

Definition of DLE 

 

A globally accepted definition and classification for a difficult laryngeal exposure has not been 

established yet. Many authors remark the lack of a defined DLE regarding the analysis of 

preoperative predictive parameters on laryngeal exposure and conducted their research with their 

own interpretation. Though all their definitions are similar, they still have differences in their 

categorizations which might have different impacts on the studies. All anatomical landmarks and 

supposed influences on a DLE are in one way or another already considered. (2, 5, 10, 11) 

One approach was to extend the Cormack and Lehane score, which anesthesiologists use to 

describe the difficulty of endolaryngeal intubation in order to predict the difficulty of visualization 

for endotracheal surgery. This score takes into account for grade one a full view of the glottis, 

grade two partial view of the glottis, grade three only epiglottis not glottis is visible and grade four 

neither glottis nor epiglottis are visible (3). As extensive as this definition may seem, Hekiert et al. 

(5) pointed out that this score was designed with focus on intubation and not laryngeal surgery. 

However, since those procedures still deal with the same anatomical region, they analyzed if there 

is a connection between the Cormack-Lehane score and DLE and found out that a high score 

positively correlates with a DLE. They defined the laryngeal exposure with a visual analog scale, 

consisting of intraoperative maneuvers for a better laryngeal view.  

Also Piazza et al.`s (8) approach to define GLE or DLE situations took different intraoperative 

conditions into account. They considered the use of large or small bore laryngoscopes, different 

intraoperative positions for example flexion-extension or flexion-flexion, and the application of 

external counter pressure. DLE was defined as the anterior commissure visualization with a small 

bore in flexion-flexion position with external counter pressure or the inability to visualize the entire 

anterior commissure using the aforementioned methods.  
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Paul et al. (11) defined laryngeal exposure as grade one with full view of vocal cords, grade two 

with anterior commissure only seen with external counter pressure, grade three no visualization 

of anterior commissure with pressure and grade four visibility of only anterior third of vocal cords 

with counter pressure. 

Despite the slight differences in defining laryngeal exposure, regardless the method, all consider 

an inability to visualize the anterior commissure and vocal cords as grade four of laryngeal 

exposure, thus a comparison is possible.  

 

Comparison to other studies 

All results explained and discussed in this chapter were done by the template of Piazza et al.`s 

suggested “Laryngoscore”, while our research and Incandale et al. (9) used a reduced version.  

Piazza et al. (2) analyzed 319 patients in a multi-center study. Their survey included the 11 topics: 

Interincisor gap, thyro-mental distance, Upper jaw dental status, trismus, mandibular prognathism, 

macroglossia, micrognathia, Degree of neck flexion-extension, previous treatments, 

Mallampatie’s modified score and BMI. Their result for prediction of GLE was achieved in 94% 

and not in 6% as they turned out as DLE. The other prediction concerning DLE resulted 

intraoperatively in 40% correctly predicted DLE and 60% GLE. The accuracy of the prediction 

resulted in a sensitivity of 63%, specificity of 86% and a positive predictive value of 40% and a 

negative predictive value of 94%. 

Arjun et al. (10) analyzed 32 patients. They used the “Laryngoscore” as well. Their results in 

regards of GLE prediction is with 94% right in 6% wrong. The results of their DLE prediction was 

with 54% right and 46% wrong. Regarding DLE prediction their results were sensitivity 63%, 

specificity 86%, positive predictive value 40%, negative predictive value 94%.  

Tirelli et al. (8) analyzed 132 patients and used the same scoring system as Piazza suggested. 

Sensitivity 80,6%, Specificity 51,4%, positive predictive value 32,9% and negative predictive value 

90,0%. 
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Incandale et al. (9) analyzed 310 patients. Similar to our study they analyzed only certain 

parameters of the “Laryngoscore” which they considered important, the thyromental distance, 

upper jaw dental status and interincisor gap. Their result includes the predictive value for GLE 

which was correctly predicted in case of a preoperative score of 0 in 97% of cases, 1 in 85% of 

cases, 2 in 65% of cases, and 3 in 20% of cases.  

Sensitivity (SEN) and specificity (SPE) as well as positive predictive value (PPV) and negative 

predictive value (NPV) in our study have similar results like in other studies. The analysis of Piazza 

et al. (2) showed that the “Laryngoscore” had SEN 63%, SPE 86%, NPPPV40%, NPV94%. Also 

Arjun et al. (10) SEN of 87,5%, SPE of 75%, PPV of 52,8% and NPV of 94,7% . 

In comparison we got analogous results on the prediction of GLE/DLE. The results are all very 

similar and differ only in nuances, which could be explained by a different sample size. But overall 

the results present as comparable in their magnitude. Despite all studies done by the same 

method, the only two parameters congruent in all four studies are upper jaw dental status and 

MMS. Coming to the same results in specificity, sensitivity and negative-/ positive predictive value 

indicates that the parameters we analyzed are the same in their magnitude, whereas we only used 

four parameters in the preoperative assessment, which can be obtained within one minute. 

Considering that the phenotype of anatomical expression of each human is different, in the 

assumption that the more parameters one assesses prior surgery in order to predict GLE or DLE 

gives a clearer and obvious prediction. The question remains why we all got the same results 

despite somehow different parameters and interpretation of DLE. An idea could be, that using 

many parameters will not give better results in general, but considers and predicts 

certain/particular obstacle in laryngeal exposure. Many parameters may give a more detailed 

prediction and may show different results, but only from a different point of view or surveillance. 

Also possible is that some questions are superfluous in their assessment since they do not result 

in different conclusions. Maybe the parameters of this research are enough, because the original 

eleven parameters have a correlation with the four ones we used and are therefore superfluous. 

In the analysis of Hekiert et al. (5) BMI didn’t offer other results than the MMS and was thus 

considered obsolete. Arjun et al. (10) referred to the importance of atlanto-occipital extension and 

neck circumference with which he claims to be able to predict the DLE. We assume that those two 
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parameters are included in neck-flexion and extension as well as BMI and thus do not need to be 

assessed, but this study didn’t measure atlanto-occipital extension and neck circumference and 

hence this question cannot be answered here. 

Also one can see that different sample sizes still generate similar results, which indicates that 

replicability is given and proven to generate the same results. One can rely on the prediction of 

laryngeal exposure using this version of a “mini-Laryngoscore”, an easier application in a clinical 

setting and an even more time efficient and faster analysis of the patient. The correct prediction 

of a DLE or GLE situation is very important for each surgery because the surgeon will rely on 

those predictions being correct and trustworthy.  

 

False negatives vs false positives predictions 

The complications emerging from a false negative prediction for a surgery with DLE might result 

in the termination of the surgery without completion. The patient will have to repeat all pre-surgical 

procedures, will have to undergo another surgery with accompanied operative and anesthesia 

related risks, will delay a therapeutic result and put financial burden on the patient and hospital.  

On the other hand, a pre-surgical evalutaion of a patient forecasting a case of DLE can result in 

the cancellation of surgery (8). Problems considering a false positive or false negative result are 

serious. The purpose of a preoperative assessment is to predict intraoperative difficulties awaiting 

the surgeon. If this prediction is wrong then it was unnecessary and a waste of time to assess 

preoperatively and way more important, it will put the surgeon into a position where he has to 

challenge these difficulties less or differently prepared. A falsely predicted DLE will cost a 

significant amount of money, since escalation steps need to be prepared in order to carry them 

out quickly during the surgery. Also, more time for the surgery might be scheduled than required, 

resulting in inefficient usage the operating theatre. However, those are more or less monetary 

problems. Way more serious are the problems in cases when a GLE case is predicted and 

intraoperatively eventually turns out as a difficult laryngeal exposure. The equipment required to 

carry out the escalation steps might not be prepared, the pathology might not be treated 
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completely or the surgery must be terminated and another appointment needs to be scheduled. 

This would not merely result in the loss of a lot of money, a significant waste of time, but will put 

a huge mental and physical burden both the patient and the entire team involved in the operation. 

However, in medicine nothing is 100% sure, so such a difficult situation will inevitably occur and 

the surgeon has still to be able to perform or continue the surgery.  

 

 

Overcoming difficult situations of laryngeal exposure 

In any of the five major reasons for the use of direct laryngoscopy summarized by Benjamin et al. 

(12) 2003  including: Diagnosis, Operation, Documentation, the difficult airway and the obstructed 

airway, problematic situations might occur and have to be resolved somehow. The application of 

external counter pressure is universally accepted as a good tool for better visualization of the 

anterior commissure. As Fang et al. (13) discovered, the patient will even benefit from it, since the 

proper visualization of the operating field will reduce the duration of the surgical procedure. 

Regardless this simple and yet effective method, in case of a difficult intraoperative situation with 

complicated anatomy or a high risk of complications, when counter pressure is not sufficient 

enough, the surgeon has several different micro instruments and laryngoscopes available in order 

to continue the surgery successful. Even an external approach can be considered and realized 

with a fast transition (14). The repositioning of patients into the sniffing position or extension-

extension can severely enhance the visibility of the anterior commissure. Additionally, external 

counter pressure can be used. Cheng J. et al. (15) discussed und suggested several escalation 

alternatives in case of difficult laryngeal exposure, such as the use of a jet ventilation, a Hollinger 

laryngoscope with Lewy suspension system, long angled and rigid telescopes and microlaryngeal 

instruments or an approach through a laryngeal mask airway device. Essentially in case of difficult 

exposure, different alternatives are possible.  
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Univariate calculated influence of parameters on DLE 

By concluding a spearman correlation test on univariate correlation we could show that at the 

significance level of 95%, upper jaw dental status (p=0,014) and neck flexion-extension (p=0,022) 

are significantly and positively correlated with DLE. Whereas the Mallampatie’s modified score 

(p=0.443) and BMI (p=0,224) show no significant correlation with DLE. 

In the following we will mention the results of other studies for comparison. 

 

Body mass index (kg/m2) 

Piazza et al. (2) found statistical significant correlation of DLE and BMI (p=0.017) using the cut-

off for differentiation at 25 kg/m2. 

Roh et al. (4) who analyzed the laryngeal exposure based on the Cormack-Levingston scale found 

out that BMI with the differentiation at 25 kg/m2  (p < 0.05) significant correlated with DLE score. 

Pinar et al. (16) found that the BMI >25 kg/m2 was statistically relevant (p=0.000). 

Paul et al. (11) found out that in his research the BMI (> 25 kg/m2) with p=0.068 has no statistical 

correlation with on DLE. Despite he claims that BMI is a good indicator. 

Incandale et al. (9) found that the BMI (> 25 kg/m2) p=0.76 has no significant correlation with DLE.  

Tirelli et al. (8) statistical analysis resulted in the reveal of no statistical significant correlation of 

DLE and BMI (<25 kg/m2 )(p=0.35). 

Arjun et al. (10)10) found out that the BMI (<25 kg/m2) significant correlates with DLE (p=0.01). 

A patient presenting with a high BMI is prone to present as DLG since the accumulation of fat in 

his neck might result in the hindrance of visualization of larynx. However, the findings of the 

correlation between a high BMI and DLG are equivocal. In some publications the BMI has a 

significant correlation, in other studies BMI does not. Many papers with ambivalent results used 

the discrimination of BMI with the value of >25 kg/m2. (2, 4, 5, 8–11, 16) Meaning that the 

separation was done between a normal weight person and an overweight plus obese person. 
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Since there are significant differences between overweight (BMI 25-30 kg/m2) and obesity (BMI > 

30 kg/m2) there will be ambivalent results in the studies analyzing the BMI from 25 kg/m2. 

Hekiert et. al discussed the correlation of BMI with a value of > 30 kg/m2 on DLE. They found out 

that there in fact is a significant correlation (p<0,001). The patient group they analyzed all suffered 

from the disease obesity, excluding the overweight people. Furthermore they found out that if good 

laryngeal exposure compared to difficult laryngeal exposure the obese patients were more than 5 

times likely to present as DLE patients (5). One also needs to keep in mind, that as Nuttall et al. 

(17) have pointed out, the BMI does not show the distribution of body fat in the body, but rather a 

general overview of the height and weight characteristic. 

Thus the conclusion can be drawn that obesity, but not overweight per se, has a correlation. 

Interesting to see would be, what the amount of overweight and what the distribution of obese 

people in other studies is and how it would influence the results.  

 

Mallampatie’s modified score 

The Mallampati score was invented by Mallampati et al. in 1985 (18) for the anatomical description 

for intubation regarding the difficulty to pass the oropharynx. Hekiert et al. (5) found in their 

research, that MMS (p<0.001) was the most important independent predictor for a DLE, due to 

the fact that obesity didn’t give them different predictive information other than the previous 

analyzed MMS did. They concluded that a patient presenting with a MMS of 2 or higher has a 10 

times higher rate to present as a DLE than a patient who presents with a MMS of 1 or less. BMI 

is a predictor for DLE p<0,001). Furthermore, they found out that if good laryngeal exposure was 

compared to difficult laryngeal exposure the obese patients were more than five times likely to 

present as DLE patients.  

Pinar et al. (16) found out that the MMS II and III have significant correlation (p=0,000) with DLE. 

Paul et al. (11) saw in their research that MMS 3 and 4 are a significant predictor for 

DLE (p=0.008). 

Arjun et al. (10) got the same results, that DLE significant correlates with for MMS (p=0.007). 
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Incandale et al. (9) got the results that any of the 4 MMS had no significant correlation with DLE 

as MMS I (p=0.28)  MMS II (p=0.37), MMS III (p=0.09) and MMS IV (p=0.22). 

Tirelli et al. (8) found out that there is no statistical relevant correlation between DLE and MMS 

(p=0.91). 

Our research regarding MMS shows similar ambivalent results as the above discussed BMI results 

do.  We see that our findings are congruent with the findings of Incandale et al. (9) and Tirelli et 

al. (8) who also showed no significant correlation with DLE. Whereas Hekiert and others (5, 10, 

11, 16) found a correlation, mainly for MMS 3 and 4 but not for 1 and 2. Furthermore, Hekiert et 

al (5) found in their research, MMS (p<0.001) was the most important independent predictor for a 

DLE, due to the fact that obesity did not give them in their study any different predictive information 

other than the simultaneously analyzed MMS did. They found out that a patient presenting with a 

MMS of 2 or higher has a 10 times higher rate to present as a DLE than a patient who presents 

with a MMS of 1 or less. 

In our research the MMS did not show any significant correlation with DLE (p=0,599), maybe 

because we analyzed the correlation of the entire MMS on DLE. Hsiung et al. (19) concluded in 

their research that MMS and BMI are good indicators for difficult endotracheal intubation, but do 

not serve as a good predictor value for laryngeal exposure. Given the findings of other studies, a 

focused study on the impact of each MMS would allow to make a definite statement regarding the 

correlation of MMS. 

 

Upper Jaw dental status 

Incandale et al. (9) found in their study that the upper jaw dental status has only a significant 

correlation for DLE in case of normal/prominent teeth but not in the case of partially or complete 

edentulous tooth status. (p for partially/edentulous dental status = 0.79, p for normal dental status= 

0.004, p for prominent dental status = 0.01).  

Tirelli et al. (8) performed a univariate analysis, which resulted in a statistical significant correlation 

between the upper jaw dental status and DLE (p=0.001). 
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Piazza et al. (2) found also a statistical significant correlation of DLE with upper jaw dental status 

(p<0.001). 

Recent research about a correlation of upper jaw dental status with DLE are the same as ours 

and show that there is a significant correlation. The teeth are a main object of preservation during 

surgery. The surgeon is very careful to not manipulate the teeth in any form. In case of an 

edentulous patient he can focus on other things than for a patient with prominent superior front 

teeth. This anatomical barrier needs to be bypassed as much as possible. The analysis of the 

teeth is easily done within seconds and as proven has a correlation with DLE and thus is an 

important factor in its prediction. Since the only congruent parameter in those researches are the 

upper jaw dental status and MMS, and since MMS is insignificant, it raises the question whether 

an upper jaw dental status assessment is enough to predict a GLE/DLE case, and do the eleven 

parameters of the “Laryngoscore” correlate with the upper jaw dental status somehow. Further 

studies will have to analyze this important question.  

 

 

Degree of neck flexion-extension 

Tirelli et al. (8) revealed in his research that no statistically relevant correlation of DLE and the 

degree of neck flexion-extension (p=0.37) exists.  

Piazza et al. (2) found a statistical significant correlation of DLE with degree of neck flexion-

extension (p=0.016)  

Arjun et al. (10) as well found out that DLE does significantly correlate with the degree of neck 

flexion-extension (p=0,005) 

In our research, neck flexion extension has a significant correlation with DLE. This may be due to 

the fact that a mobile neck is required for the patient to be put in the rather specific position of 

flexion extension or flexion flexion which are required for laryngeal surgery. Friedrich et al. (20) 

pointed out in their research, that the movement of the head is very important in order to expose 

the area where the surgeon has to work on with even reducing oropharyngeal tissue damage, 
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because the manipulations within the throat are reduced. A rigid neck will put the surgeon in an 

unpleasant situation, because the manipulation of neck to allow a favorable visualization of the 

larynx is bound to prove difficult.  

 

Multivariate regression analysis 

As we can appreciate in table 9, the multivariate regression of the score predictive to score 

dependent shows that the mini predictive score correlates highly significant positive with the DLE 

affiliation. Additionally, we can see that sex and age do not seem to have a significant correlation. 

For a deeper statistical analysis, the individual components of the score predictive in the 

multivariate regression model could be simultaneously regressed to the DLE group membership 

to check whether any individual components of the mini predictive score have the full predictive 

power. Also an interpretation of the coefficient would only be possible if a logistic regression model 

is used. However, this would go beyond the scope of this work. 
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Univariate correlation of the mini predictive score components 

 Univariate correlation of the mini predictive score components 

 Dental Status NFE MMS BMI 

Dental Status 1       

NFE 0.012 1     

MMS 0 0.32 1   

BMI 0.04 0.15 0.17 1 

NFE = neck flexion extension.  

 

We found a high correlation between MMS and NFE, as well as in MMS and BMI and also in BMI 

and NFE.  This allows the suggestion, that some parts of the score may be redundant. But in order 

to answer the question one would have to do additional multivariate analysis where the 

components are integrated as separate explanatory variables. This would exceed the framework 

of our research and therefore remains an open question for the course of this study. 



 
 

32 
 
 

CONCLUSION 

 

The application of the reduced version of Piazza et al.´s “Laryngoscore” is sufficient in order to 

predict a GLE patient. The results our study conducted are very comparable with the findings of 

the other authors aforementioned. We ascertained that upper jaw dental status and neck flexion-

extension have a significant correlation with a difficult laryngeal exposure and hence are a very 

important physical feature which should be looked at during the evaluation of patients in order to 

prepare for a possibly difficult laryngeal exposure. In an academic point of view, a surgical novice 

can start his practice on those GLE patients. However, in the prediction of DLE cases, the mini 

predictive score had modest success and thus should not be relied upon, but rather raise an 

increased attention on those patients. Preparation, also in collaboration with the anesthesiologist 

are key in treating the patients as good as possible. Generally, there should be a close partnership 

between the surgeon and anesthesiologist, since they both work in the same anatomical region 

and could easily share important information with each other, which would result in a better 

preparation, time preserving work for both specialists and the patient eventually. Prior surgery in 

consultation with the anesthesiologist the results of the preoperative assessment should be 

shared and the approach of treatment should be discussed given the anatomical proximity both 

parties work on. 

In conclusion, the application of the mini predictive score should be done in every pre-surgical 

setting between the surgeon and the patient. It can be assessed within one minute by 

uncomplicated observations to provide a satisfactory result to everyone involved in the surgery. 
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PRACTICAL RECOMMENDATIONS 

 

For further studies we would recommend to have a higher number of patients in order to increase 

the comparability. The identification of a correlation among each parameters was briefly done in 

our research, however lest someone answer the question conclusively one would have to do 

additional multivariate analysis where the components are integrated as separate explanatory 

variables. For that reason, we would recommend a deeper statistical analysis about the individual 

components of the score predictive in the multivariate regression model which could be 

simultaneously regressed to the DLE group membership to check whether any individual 

components of the mini predictive score has the full predictive power. Also an interpretation of the 

coefficient would only be possible if a logistic regression model is used. However, this would go 

beyond the scope of this work. Furthermore, additional multivariate analysis in which the 

components are integrated as separate explanatory variables can be analyzed in the future.  

Unfortunately, these questions exceed the framework of our research and therefore remain 

unsolved for the course of this study. 
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ANNEXES 

ANNEX 1 
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ANNEX 2 

 

Table 1  Patients according  
to their mini predictive score results 
  
Mini predictive score Patients 

0 3 
1 7 
2 12 
3 11 
4 5 
5 7 
6 5 

Total 50 
 

Table 3. Age and gender distribution of 
patients regarding GLE and DLE 
   
 GLE or DLE 

 GLE DLE 
Age Group   

20 - 29 5 1 
30 - 39 3 0 
40 - 49 5 1 
50 - 59 14 5 
60 - 69 11 1 
70 - 79 3 1 
Gender   
female 14 3 
male 27 6 

Total 41 9 
 

 

 

Table 2. The intraoperative score with 
the patient representation and the 
respective mini predictive score 
median 
   
Intraoperative 
Score Patients Median 

0 27 2 
1 14 3 
2 4 4 
3 5 6 

Total 50   
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ANNEX 3 

Table 4.  Median cut-off analysis according to the median of the 
mini predictive score for the two groups GLE and DLE. 

Cut off score            
GLE 

            
DLE Total 

<=3 for GLE pred. 91% 9% 33 

>=5 for DLE pred. 58% 42% 12 

 

Table 5.  Median cut-off analysis according to the median of the 
mini predictive score for the group GLE. 

Cut off score GLE              
DLE total 

<=3 for GLE pred. 91% 9% 33 

>3 for DLE pred. 65% 35% 17 

 

Table 6. DLE positive and negative predictions 

  
Intraoperative 
Finding 

Test Result  DLE GLE 

positive (DLE) 6 11 

negative (DLE) 3 30 

 

 



 
 

39 
 
 

 

ANNEX 4 

 

 

 

 

 

Table 8. Multivariate logistic regression on DLE 

DLE Coefficient p-
Values 

Mini predictive Laryngoscore 0,693 0.010 

Gender -0,069 0.935 
Age -0,057 0.856 
N 50   

 

 
Table 9. Univariate correlation of the mini predictive score 
components 

 
Dental Status NFE MMS BMI 

Dental 
Status 1       

NFE 0.012 1     
MMS 0 0.32 1   
BMI 0.04 0.15 0.17 1 
                         NFE is neck flexion extension.  

 

Table 7. The coefficients and significance levels of the univariate 
spearmen analysis 

DLE Dental status 
Neck 
flexion-
extension 

MMS BMI 

P values 0,018 0,022 0,599 0,224 



 
 

40 
 
 

ANNEX 5 

 

Graphic 1. Age and gender distribution  

 
 
 

 

 

Graphic 2. total distribution of DLE/GLE cases with their respective intraoperative result 
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