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ORIGINAL AND CLINICAL ARTICLES

The i-gel mask (Intersurgical, Wokingham, UK), is 
a second-generation, single-use supraglottic airway 
device. In contrast to other devices, its cuff consists 
of a thermoplastic elastomer (styrene-ethylene-
butadiene-styrene) instead of an inflatable cuff. 

Previous studies have shown that over time the 
sealing improved over a period of 10 minutes com-
pared to the moment of insertion [1, 2]. The sealing 
process may be based on various mechanisms. It is 
assumed that the warming from room to body tem-
perature leads to improved adaptation to the pa-
tient-specific anatomy due to softening of the elas-
tomer [1, 3, 4]. By definition, an elastomer is softened 
by the effect of temperature and becomes harder 
when reaching the glass transition temperature.
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In this context a change in the degree of hard-
ness as a function of temperature had been de-
scribed before [5]. Prewarmed i-gel masks (42°C,  
30 min) seem to have smaller leak volumes com-
pared to masks stored at room temperature pos-
tinsertion in paralyzed patients [6], but this was not 
reproducible in non-paralyzed patients [7–9]. Look-
ing at the sealing pressure it was reported that i-gel 
masks required a lower pressure compared to masks 
with an inflatable cuff [3].

At this point it is not clear whether the ther-
moplastic cuff material only expands due to an 
increase in temperature. Liquid absorption and 
a consecutive expansion are also theoretically con-
ceivable. 
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Abstract
Background: The i-gel mask is a second-generation, single-use supraglottic airway 
device which does not have an inflatable cuff. The cuff consists of a thermoplastic 
elastomer and its mechanism of sealing still remains unclear. Various theories such as 
temperature-dependent changes in hardness and volume expansion as well as fluid 
absorption have been discussed. The aim of the present study is to investigate changes 
in volume, weight and density caused by temperature changes.

Material and methods: Three i-gel masks (sizes 3, 4 and 5) were heated in a water bath 
from 10°C to 50°C in 5°C steps. The changes in weight, volume, and density were mea-
sured at each temperature step. In a second study, the identical parameters of masks  
(n = 5 of sizes 3, 4 and 5) used in patients were investigated. Results of volume and 
density between benchtop and patient measurements were examined for correlation.

Results: All masks investigated, regardless of the size, showed a significant linear tem-
perature-dependent volume expansion (sizes 3, 4 and 5: P < 0.001), a weight increase 
(sizes 3: P = 0.018; 4: P = 0.027; and 5: P = 0.006) and a linear decrease in density (sizes 3, 
4 and 5: P < 0.001). There was a very strong correlation between the results of benchtop 
and patient measurements (volume: P < 0.001; density: P < 0.001).

Conclusions: We observed significant changes in all three properties investigated. Thus, 
a temperature-dependent volume expansion and weight increasement was observed, 
which can be considered as a further explanation for improved sealing after insertion.

Key words: i-gel, airway, laryngeal mask, volume expansion.

Trial registration: clinicaltrials.gov (NCT03976726).
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Therefore, the aim of the present study is to ex-
amine the i-gel mask within the scope of a bench-
top study for temperature-dependent volume ex-
pansion and liquid absorption.

METHODS 
After consultation and approval by the local 

Ethics Committee University Hospital Frankfurt, 
Frankfurt, Germany (Chairperson Prof. Dr. Harder) on  
16th January 2019 there was no need to obtain writ-
ten informed consent from the patients. All masks 
were examined after use. No patient was influenced 
by this investigation. All investigations were car-
ried out in accordance with the Declaration of Hel-
sinki. The study was registered at clinicaltrials.gov 
(NCT03976726).

At first, masks were examined in a benchtop 
study. Data thus obtained were then compared with 
masks used in patients with regard to comparability 
and reproducibility of volume and weight increase 
as well as changes in density.

Figure 1 represents the study setup. Figure 1A–D 
shows the sequence of the benchtop study, while 
Figure 1E–H illustrates the measurement process of 
the masks used in patients.

Benchtop measurement
Three masks of sizes 3, 4 and 5 were evaluated. 

All masks were submerged in a water bath (WNB 10, 
memmert GmbH&Co.KG, Schwabach, Germany) and 
remained for at least 10 minutes per temperature 
step to equilibrate (Figure 1A). This period was cho-
sen according to Lee et al. [2]. The water bath con-

tained a thermostatically controlled heating element 
and the water was stirred continuously. For measure-
ments in the lower temperature range, ice was add-
ed to the water bath to achieve the desired target 
temperature. All measured values for a temperature 
range from 10°C to 50°C were determined in steps 
of 5°C each. As shown in Figure 1A–D, the sequence 
of a measurement process was structured as follows:

One mask was taken out and immediately dried 
by two blasts of compressed air to prevent the 
masks from cooling down. Directly after drying the 
weight was determined (Figure 1B). The mask was 
then submerged in a beaker filled with water at the 
same temperature as the water bath. The overflow-
ing water was collected, and its weight determined 
by a digital laboratory balance (ABJ 220-4M, Kern & 
Sohn GmbH, Balingen, Germany) to three decimal 
places (Figure 1C). Since the density (ρ) of water at 
certain temperatures is known [10], the volume (V) 
of the displaced water could be calculated from the 
weight (m) by the following equation: V = m × ρ-1 
(Figure 1D). This volume is identical to the mask in-
vestigated. This measurement was repeated three 
times per temperature step and mask. Therefore, 
the mean value was calculated. In total, this mea-
surement process was carried out for all nine masks 
and the results of each of the three masks of the 
same size were also averaged (Table 3). 

Clinical investigation
Masks used in patients (n = 5 per size) requiring 

general anaesthesia for elective surgery (arthrosco-
py (hand or knee), metal removal, osteosynthesis of 

FIGURE 1. Setup/Flowchart. Benchtop: A) Warming i-gel in a water bath. B) Determine weight of dry masks. C) Collecting the overflow 
water. D) Determining the weight of the overflow water. Patient: E) Using i-gel in a patient. Determining weight of dry masks. F) Collecting 
the overflow water. G) Collecting the overflow water. H) Determining the weight of the overflow water
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distal bones (e.g. distal radius, ankle joint)) without 
contraindications for i-gel were collected postop-
eratively. Demographic data and duration of i-gel 
use are depicted in Table 1. 

An appropriately sized i-gel was chosen based 
on the patient’s total body mass as per the manu-
facturer’s instructions (Figure 1E) [11]. Continuous 
esophageal measurement of body temperature was 
carried out using a temperature probe (Rüsch Rec-
tal/Pharyngeal Temperature Sensor REF 1016, Tele-
flex Medical, Athlone, Ireland) via the suction duct. 
After extubation, the mask was dried immediately 
by two blasts of compressed air, and its weight de-
termined (Figure 1F). The volume was measured ac-
cording to the above-mentioned procedure (Figure 
1G–H). After the used mask cooled down to room 
temperature, weight, volume and density were ob-
tained again (Figure 1F–H).

Comparison between benchtop and patient 
measurement

In order to compare the results of the measure-
ments of masks used in patients with those of the 
benchtop examination, volume and density were 
examined for correlation. For this purpose, these 
parameters were calculated for the respective mea-
sured room and body temperature using the equa-
tion of the regression lines. The results were then 
compared using Pearson correlation.

Statistical analysis
Results were collected and stored in a Microsoft 

Excel (Microsoft Office 365, 2016) database. The sta-
tistical analyses were performed using SigmaPlot  

12 (Systat Software GmbH, Erkrath, Germany). 
For descriptive analysis mean values were calcu-
lated. Values were expressed as number (count) 
and percentage, as appropriate. The Shapiro-Wilk 
test was used to test for normal distribution of 
the data. To detect differences Students’ t-test or 
the Mann-Whitney U test was used. Linear corre-
lation analysis was performed to determine the 
relationship between the volume and density of 
masks used in patients and the benchtop study. 
Pearson’s correlation coefficient R and determina-
tion coefficient R2 were computed as the ratio of 
covariance between the variables to the product 
of their standard variation. A post-hoc power analy-
sis was performed, revealing a power of 0.999 for  
n = 5 masks used in patients. The level of signifi-
cance was set to P < 0.05.

RESULTS
The volume and weight of all masks were mea-

sured, and the density was calculated.

TABLE 1. Patient characteristics and use of i-gel

i-gel size Patient no. Age (years) Sex Height (cm) Body mass (kg) BMI (kg m-2) i-gel use (min)
3 (n = 5) 1 13 M 158 54 21.6 131

2 14 M 165 52 19.1 80

3 11 M 150 40 17.8 137

4 14 M 165 53 19.5 134

5 13 M 158 54 21.6 131

4 (n = 5) 6 19 F 158 63 25.2 63

7 74 F 163 68 25.6 137

8 43 M 172 65 22.0 144

9 15 F 174 74 24.4 92

10 89 F 168 68 24.1 114

5 (n = 5) 11 14 M 170 97 33.6 64

12 39 M 191 87 23.8 82

13 32 M 178 95 30.0 173

14 50 M 178 112 35.3 143

15 35 M 185 83 24.3 184
M – male, F – female, BMI – body mass index

TABLE 2. Equations of regression lines for volume and density

  i-gel size Equation R R2 P value
Volume 3 y = 0.1069x + 69.905 0.990& 0.980& < 0.001*

4 y = 0.1175x + 86.295 0.992& 0.984& < 0.001*

5 y = 0.0623x + 109.740 0.997& 0.993& < 0.001*

Density 3 y = -0.0013x + 0.9706 0.985& 0.970& < 0.001*

4 y = -0.0011x + 0.9712 0.982& 0.965& < 0.001*

5 y = -0.0004x + 0.9342 0.993& 0.987& < 0.001*
& – Person correlation, R – Pearson correlation, R2 – determination coefficient, * – significant differences
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Results of the benchtop measurement are 
shown in Figure 2 as line-connected dots. Results of 
in patient used masks are shown as single results in 
Figure 2A–C. Red circles represent values obtained 
at body temperature, red squares results obtained 
at room temperature. Thee equations of the re-
gression lines, if applicable, are depicted in Table 2.  
The results are split according to mask sizes (size 3 
= Figure 2A, D, G; size 4 = Figure 2B, E, H; size 5 = 
Figure 2C, F, I). 

Volume
The volume increased linearly with higher 

temperature. Patient-used i-gel masks of size 3 in-
creased by 0.10 mL per degree Celsius, size 4 masks 
by 0.13 mL and size 5 masks by 0.07 mL.

Volume increase in all masks reached the level 
of significance (Table 3). The mean volume expan-
sion of in patient-used masks of size 3 masks was  
1.42 mL (= 1.97%; SD = 0.16; DTemp. = 14.8°C;  
P < 0.001), size 4 masks 1.78 mL (= 2.01%; SD = 0.16; 
DTemp. = 14.2°C; P < 0.001) and size 5 masks 0.95 mL 
(= 0.86%; SD = 0.13; DTemp. = 14.4°C; P < 0.001).  
The results showed a  very strong correlation 
with the regression line (size 3: R2 = 0.980; size 4:  
R2 = 0.984; size 5: R2 = 0.993).

Weight
The weight increased non-linearly with higher 

temperature. All masks, regardless of size, showed 
a weight gain up to a temperature of 36°C in the 
benchtop measurements. This was followed by 
a short decrease with a low point at 40°C, followed 
by a stronger temperature-dependent weight 
increase as shown in Figure 2D–F. This results in 
a significant increase in weight in the patient mea-
surements at a temperature range of rounded 22°C 
to 36.5°C. Size 3 masks increased their weight by  
21.0 mg (= 0.03%; SD = 0.008; P = 0.018), size 4 
masks by 31.0 mg (= 0.04%; SD = 0.024; P = 0.027) 
and size 5 masks by 53.6 mg (= 0.05%; SD = 0.042; 
P = 0.006).

Density
The density decreased linearly with higher tem-

perature. In patient-used i-gel size 3 masks density 
decreased by 0.13% per degree Celsius, size 4 masks 
by 0.14% and size 5 masks by 0.06%. In the investi-
gated temperature range within the patient mea-
surements the density of size 3 masks decreased 
significantly by 0.02 g cm-3 (–1.90%; SD = 0.002;  
P < 0.001), in size 4 by 0.02 g cm-3 (–1.93%;  
SD = 0.002; P < 0.001) and in size 5 by 0.01 g cm-3 

TABLE 3. Differences of i-gel between room temperature and body temperature

 Parameter 
 

3 i-gel 
(n = 3)

P value 4 i-gel 
(n = 3)

P value 5 i-gel 
(n = 3)

P value

Room temperature (°C) 21.88 22.06 22.26

Body temperature (°C) 36.64 36.28 36.62

Room temperature

Volume (mL) 72.29 88.68 111.03

Weight (g) 68.10 84.08 102.71

Density (g cm-3) 0.94 0.95 0.93

Body temperature

Volume (mL) 73.71 90.46 111.98

Weight (g) 68.12 84.11 102.77

Density (g cm-3) 0.92 0.93 0.92

D Temperature (°C) 14.7* < 0.001 14.2* < 0.001# 14.4* 0.008§

D Volume (mL) 1.42* < 0.001 1.78* < 0.001# 0.95* < 0.001#

D Weight (mg) 21.0* 0.018 31.0* 0.027# 53.6* 0.006#

D Density (g cm-3) –0.02* < 0.001 –0.02* < 0.001# –0.01* < 0.001#

Temperature increase (%) 67.1 64.5 64.5

Volume increase (%) 2.0 2.0 0.9

Weight increase (%) 0.03 0.04 0.05

Density decrease (%) –1.90 –1.93 –0.80

Mean room temperature corresponds to the water temperature at which masks were submerged.
Mean body temperature corresponds to the esophageal temperature obtained before i-gel was removed
D – difference between values obtained at room temperature and body temperature
* – significant differences, # – Students’ t-test, § – Mann-Whitney U test
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(–0.80%; SD = 0.001; P < 0.001). The results showed 
a very strong correlation with the regression line (size 
3: R2 = 0.970; size 4: R2 = 0.965; size 5: R2 = 0.987).

Comparison between benchtop and patient 
measurement

There was a strong correlation between the re-
sults of the benchtop examination and the values 
obtained from the masks used in patients.

The results between benchtop and patient mea-
surement showed a strong correlation for volume 
calculation at both room (R = 0.999; R2 = 0.999;  
P < 0.001) and body temperature (R = 0.999;  
R2 = 0.999; P < 0.001). Also strong correlations were 
found with regard to the determination of density  
(R = 0.996; R2 = 0.992; P < 0.001) and body tempera-
ture (R = 0.914; R2 = 0.835; P < 0.001).

DISCUSSION
The present study revealed in all i-gel masks (siz-

es 3, 4 and 5) a significant temperature-dependent 
increase in volume and weight as well as a signifi-
cant decrease in density. All results showed a strong 
correlation between benchtop and patient measure-
ments. These results represent a new approach to 
explain how the i-gel improves its sealing over time.

The sealing process of the i-gel mask, with its 
cuff consisting of a thermoplastic elastomer, is 
based on a mechanism that has not been conclu-
sively clarified. Several theories exist that could 
explain this process. A widespread idea is that the 
increase in temperature caused by heating from 
room to body temperature leads to increasing 
moldability. This could lead to better adaptation of 
the mask to anatomical structures, and it was shown 
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FIGURE 2. Columns represent results of i-gel masks with identical size (size 3 = A, D and G; 4 = B, E and H; 5 = C, F and I). Rows represent volume  
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124

Christoph Martin, Florian Piekarski, Haitham Mutlak, Richard Schalk, Daniel Dubinski, Kai Zacharowski, Florian J. Raimann

that there is a potential deformation due to soften-
ing of the elastomer. It has been shown that there is 
a temperature-dependent change in hardness and 
resistance. Higher temperatures were associated 
with increased deformability [5].

In addition to changes in physical properties, 
a lower sealing pressure was observed when i-gel 
masks were used compared to LMA supreme [12]. 
In contrast, another group did not find any signifi-
cant difference in sealing pressure when compar-
ing i-gel with LMA supreme, although significantly 
greater leakage was observed in patients with i-gel 
[13]. This leakage was explained by potentially poor-
er (initial) sealing due to inadequate adaptation to 
anatomical structures. However, it seems very likely 
that the i-gel changes its properties due to the influ-
ence of temperature. Thus, the leakage is reduced 
within the first 10 minutes, which corresponds to 
a temperature adjustment from room temperature 
to body temperature, and has already been report-
ed by several authors [1, 3, 4, 12].

The properties investigated in this study were 
the volume, weight and density change of the 
masks in a benchtop examination and subsequently 
in the patient.

The coefficient of expansion of styrene-ethyl-
ene-butadiene-styrene [14] is 16 x 10-5 x K-1. There-
fore, a significant expansion of the cuff should 
theoretically not occur when the temperature in-
creases from room to body temperature. However, 
our results show otherwise. A significant increase 
in volume (P < 0.001) and weight (3: P = 0.018;  
4: P = 0.027; 5: P = 0.006) and a decrease in density  
(P < 0.001) were observed. A possible explanation 
for this, besides expansion, is the absorption of flu-
ids, which was also discussed before [5]. The wet mi-
lieu, caused by the saliva, could be responsible for 
this. Looking at the weight changes of the masks, it 
was found that the initial weight remained almost 
constant. Only at temperatures of 40°C and above 
did the weight increase. This suggests that liquid ab-
sorption only occurred at higher temperatures. Here 
temperature-dependent pore opening or increasing 
porosity would be a possible explanation. Since this 
circumstance only occurred from temperatures of 
40°C, it does not seem to be relevant for the daily 
routine at normal body temperatures. We investigat-
ed a temperature range from 10°C to 50°C. We chose 
this temperature range due to multiple reasons.  
Often there are relevant changes under extreme 
conditions. Furthermore, it was important to us 
that our results were comparable with already pub-
lished data. A previous study investigated the physi-
cal properties of i-gel masks in a temperature range 
from 10°C to 60°C [5]. However, since these are not 
only in vivo but also in vitro examinations, we chose 

temperatures over body temperature. In case i-gel 
masks are used in emergency medicine the masks 
may be stored in ambulances during summer/win-
ter. In ambulances, high temperature fluctuations 
can occur due to the weather, which can lead to the 
use of i-gel masks in extreme temperature ranges. 
However, since the masks are stored in their origi-
nal packaging and not in a liquid, it is questionable 
whether there would be changes in the variables 
investigated.

The volume expansion we observed was un-
impeded in the benchtop setting. The placement 
of the mask in the hypopharynx makes expansion 
through the anatomically restricted space more dif-
ficult. In order to investigate this circumstance more 
closely, we compared the results of our benchtop 
study to the results of the patient measurements. 
There were strong correlations in all parameters 
obtained at room temperature as well as at body 
temperature. However, this setting does not take 
into account whether the change in volume and 
degree of hardness in the hypopharynx improve the 
sealing and whether the mask really adapts better 
to anatomical structures. Further investigations are 
necessary to evaluate the increase in volume in a re-
stricted setting. 

CONCLUSIONS
To the best of our knowledge, the present study 

is the first to investigate the volume expansion, 
weight and density change of the i-gel mask. We 
were able to identify significant changes in all three 
properties investigated, which represent a further 
component in explaining the mechanism how the 
i-gel P functions. It can therefore be assumed that 
it is not a single effect, but rather the sum of many 
different effects that explain the functioning of the 
i-gel mask.
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